F—ll HEBIC L A EREREOMEICET 25

35




-1 BBHF ) I 7 RAENEERLE LB L S

B OMRA

37




BEBRT X 7 AT R B L LT UM E I L 2 R EOHNA
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5 BRI LT, BREICIT, BRKET A Y F—THRE L ¥ — TSI L SR
WS R UNE R E MR F KT A HA S — L — R R B L, S 51T,
100mSy S F QAR R OHIRBIRS T DNA 2 ASHEIMT O TR & A FRIC R~ T Z
OFER, RIBFHIZIC T, 100mSv BT OEAR B DK HRIBH TH 53BP1 & gammaH2AX
DEENT +—H ADERNELITHEMT 522 RWE L, 512, 100mSv R OEMR
BT THRAL L OLEBT 5 BEFHER L L TEROBEFE RV Lic,

SHEBIRERS - BRF T SITBIEA ESCBREMERT. EEMER)
MEBHFERSL - BEER GERKZETA Y b—Thatr¥— HEHH

F—TU—FK:
B A, EBREHRI, 7 —F oY — =5 A TR )T h—L4

1. MEED:

20114F 3 A 11 BIZ 34 LIz IR L BT X 2 BRABHERIC L > TH SR Z Sh @R
FAHREFRERTIE, KREOKRMEYE A K B A LEH O MU IR L7z, SO
M TR ARERENBRS SN, WEAERH OBV ERETES U RITERPITH
KL, FHE2ELEBL LY LT H8E, BREFICRELIZEHEREOF T, FiZR
BB OB LIIER SN A OIS v A 134 BT Y A 137 Lo i o A
Thbd, )
BERICHE SN BEEE S T M X AREFESE XS LTI, ABHRIE B
BIE DT TEZANERD D, TNETONENL, MEHEE T v AIC X 24088
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RROHHBIZL D h~DREBEEEIT, FILE - RIFORKII FiTHT 2EFERE
ERAEBCREL LN TEZ, LaLAeRb, EREHIEIICE 2BEREIZ SV TIL,
EFRETIINY 77700 FEORBET 5720 ORI ORIBIREMET 572
. REAZENRS, “0Lk 5 REFRECRREED D720, MBI L 2 RERSY
70T AT L o CTHTFLVNATHN T2 Z EaamizkoonTtnsd (EF &
HEERIR OBz e — S 2 BAMT-012), FR24FE4A 9B, BAERER.

R ERIEI S L EOPBL LT, fIXE, BREV <HREHICLY T LF
D Tql1 BLOBEFHEERBL 722 (Hess et al., Proc Natl Acad Sci U S A., 108,
0595-0600 (2011)) <. DNA EEEEMMAKOF - 2BHAT L LT/ v a—F 12 7 RNA
NEETHBD I ERFEINTVWS (Francia S. et al. Nature, 488, 231-235 (2012)),
WRAEE L DNA BESESICEET 5/ > a—F 1> 7 RVA 2855 LT % 7= (Mizutani
et al. PLoS ONE, 7, 34949 (2012)), MMt v U ADWNEBII 05 ) A LLRR
KOWTIEH L bhro TRV, IHIZ, SMEFIE b, BREROCEMEETIIALR
BE, ;

FROL DRI ARE 2. RIFRTIT, BHHEE ST M X 2 EREMBHIE LT
RERRIZS AN ED L 5 REREELII SR IT1ES /27 AP LA LNZT 5,
BAREOIZIE, BUtEE 7 JCERIE Lce MBRIZHOWT, Q=P xR T 4 v 7 il
ElbOFE, ORNARBR Y — U EBOFE, #FD, £/, REOV—F VAT —F%
RNAFA T H=T 4 v 7 AR L TCREBCHEN T2 (B D, BHEKFTA Y b—7#
B —TIE, BEEE T AL NI EEBE T LIV TET T 572012,
BEMRICESEAREE S 7 A2 ML TEORELZNTRE L BT 22T 5 (RE
BREEOMBEL~VIHESR) 2L TE72, AFETIE, ZOMBOV AT LAEER
L#ze E612, FLL AVEENZHARISERETFICOVWTIE, 202 o TFAMSE
K - FRAESH R - ALFICRRD, ZNbOT—FEHMEMTL T, T E TRAEE
THh o TR 2 5 NCAEIRIE< I LI VR Y 5 2EFRFEEL TRIFEES L, EFRO
BERAFNEA T 2H8BNT —F 2ERT 5. ZOFECLY ., EREBREREIEI O
HERIMMT A EREBET D,
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HRKZETA Y b—TREE Y ¥ —TR, ALY Y AL 2ARKECREE ST
LU TR 5 72 510, BRI EEREE R S v AR TR L T Z OB L SN R
LB DY RT A (N EOMI L~ VEHIER) 2L TE 7, AR T,
TOMBADOYATARERL, BRFENTHAHE Y — o — BT ERIA LT, ERE
DHFHRBEIC L 2 EMFEET LS ) DERL bR )T b= LELOBRD O F
WL, X510, HEHRIET < % DNA BEEICH B A5 L~ & LT DNA B
ENEETH DN, 100mSv 2L FOMEBRERIT THHEBICEANT +— 8 A ORI EM
T2 ke RN FHIFE TR,

[1] &R E AV 7 5 137 OARRE & NERHN O L~V REEIT

EXE MEERMIE TICS 2 AV, DR v i 137 OF v <HEREeIC X Y. Mzt
HRET 5% (b7 h-137 BEHBREZ AV <RIBS, Offagihict v A
137 @MU TATRET 2% GUIKREIRX, LTV FRTHRE). D2250%IIC
SNT, BREER L R RO LS E< R (BRI 100nSy BUFIC#
ET5H) BEMLT

Wiz, FE—r oY —2 AT, ER2EEOEMH THIX LizMIZIIT 5 RNA
B F— L OEE (A vEr v —RNA & ) v a—F 4 7 RNA OFIH &) & Rk D
OEFERNZIR~T- (K 2),

WR—ir o —fRiT

BATRIEC L
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HRRFZEE T, BES HIfR bR Lzt MR VT MRS 5 A P L AR
LM THLATLEBEL TS (K4), RFRTIE, 20T AT AEZFER LT,
FRAEEHI I 2 7 A 137 & U L TP < 2 AR L 72 Sl THREFRRIE K S0,

LR~ 1 4 A OMS L% T 5. DNA RO RNA O, MlERELKTY 745 A
APCRWIEENT 2, £/-. AEEAREAEH LY IOV TIATFF ¥ o Fb
HRR B ARATIE B CHIRME RIS 5,

Benz[a]pyrene3 B IR T I LA EEILDERE:
REBEZR1BE (BESMERIB188)
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Benzola]pyrene 10 Benzo[a]lpyrene 10-°M Benzo[a]pyrene 10-°M

K4 :ESHaNMERERALV - EHRSEEZBOTvE R
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Fi-. 3EEOE MR U THREE Y AR AR E R Lz &
IR SN A ENEER OB AR, SR & N R & ORICHBREVIZE

Motz (X6),

FEHRERLF-/Va—F 425 RNA

T
|

Relative Expression

B cControl

E 100mGy"¥Cs

FEBMNBFADLT

Joa—T427RNA
5 1.2
2 1.0
£ 08
S 0.6 1
.g 0.4
E 0.2 |
[] 0"
(4 $ &
(24 W24

5 EREOKFELS D LORNBRFCI>TRREHLI-/>I—T12IRNA

¥ H2AX
p-H2AX (HUVECS)
=88 * %: p<0.01
g o | @intornal #9005
.fg 8.3 *%
" y B
%02 g
5 g B
E AR o ’%‘” N *
N=3
G s .
Z 10

|internal
external

56 : S ERER ST A MBS R4 THRRSNABRATA—HAK

V. Z£

wH2AX (HEMs)

ol internal *

8 T
§ 08 external f!
- * ¥ I
Tos - e &
g O g B %
=085 f””f;f T
Boz * % p<0.01
£ o4 *: p<0.05
Z g o N=3

10

S
Dose (eGy]

g

. 35 - BEinternal

B external

g

23

B,k
i 800

'Eﬂ ‘
e ) 10

44

N=3 .

=
14

P 2 o O
[T AT

Number of Foti per Gell
-

f vy s s

y-H2ZAX (HIECs)

External
Binternal

External
#internal

g o e
Cbewer 0




BN T +— 0 AT A EEIC T2 &, 100mSv R TH SR v AIC L 2/~
DEIE EBIIERILTE R, —F, NEBHEH LRI FFE TR T 3 —1 2K
BITBEVEIRD b oo, BEL—EICLEHA, £0 DNA BEREIIRRE L
ExbNHRRER,

7o, ERERR TR, —#HOo#GTRAOEE TWSHRENEZ b,

V. fhEe

AEOEREIIC ST 5 HER ORI L~ VAT 5, 100mSy ST T Mz 20
THMEEEERE 2 b, A%, 4 E ORI TRD b ELAMIICH LT E0
Y5 REERE B EEMICRNT LTI BER S S &L Bbh s, BT, BHSER LD
B HRIEHIIIC T EY = R T 1 v 7 RE R I X R THRSM LN TN Bk D, L
B ) WA ORTEORFTITED CEE L 2 bhs, TR 25 FEIR, 0 AL
TRUERDB LEZ BN,

VI, WEEELIEDORE ,

ERL 25 AEE T, /3 —T 4 V7 RNA OB LAY 2 (BFEOHEE LB L TERE
T5), R, EREO/NERRE & AR O T DNA BELEITEVNY S 5060 bR
R5, £, AHROEBIZY > THENBREOHESEBO TERTHDH, TOTD,
Hilc B GHERFERER LEMEREF— 3 ¥ — LEFIRER T TFH
FEEFBIIRE - Bi#) MHEHIE L L TR REE 2 ERT 5.

TOMEEZBUT, HERICELEEZECETIRENMROBEERLTY, BFE
V27 OREODOBEREIBRL, RFHIKENLORBEOER - BECEMRT 5.
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Study of Health Effects by radiation based on hierarchical genomic analysis
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Abstract

In this research, we analyzed cellular effect in response to radiation by focusing epigenome'and
transcriptome revel. To this end, we employed a novel cell-based approach that enable to estimate
the external and internal exposures. In addition, we examined the formation of DNA repair complex,
such as 53BP1 foci and gammaH2AX foci, in the cell exposed with 100mSv radiation. We found
that the formation of DNA repair complex was significantly increased within 100mSv radiation.

Moreover, we identified several novel transcripts induced by low dose radiation.
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BRI ) < 0 ARRATE B L LT ORI & B BB O
LIREEE T L ORI T v £ A 2ER L BEREBROEE
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ATRD BEL, ANRR Y, HERICHT 5 BT E M 4% LT 5 T < BEORER
Y. HEROREY 2 2 BT 5 BT — X OEBTH D, TOLEMHT, ERENE
HE < ORVEIABILAED TH 72 VMR T b 5 7= DI IERE 2R U 2 7 FHER TE A2V LiTh
%, BEEZEIZ. THETIZ. b NEEENS OMRSET v A ZHAVTRECEDE ORRY
% 7R ER LT X, BRI, B MO TSRS b TS A FAKBRY |
FY KA FEE IR DI ML T 2 BRICRE L. REEES. MRIICEE
FRIELTVWAZ L AR LTWS (FRXHRT,9,11), £72. ROt FESH RGN b E
MR D SRR 3517 2 B iR BB 2 B ONC R L W E OB ER Y b B 76 T R
EEERL R, BRI hat—h—FAEFIE L E— bRy F—< > (SVM) 2L3
HIBTFR % EfE L, SR EEYEITR L TII86.6%, RV L WE TI3.3% DR THHIFRETH
BREREBTVG (ER2EEEALBILEWE Y 2/ EERKREBTERRE OB ).
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B> T, KT v A RIEHHICRERERNE R bR EWEORIICA A THE 2 &
EHBL TG, ASHEBETI, £ MIBICE 2 MIHR(E S 7 2 3DORBEI 1T, Ml
LAV TR - RISEREET 5 LIk D, AROBBREREDERT — 5 2 BT 5, %
. FORDORED 27 FECHIR TR EBEERRET 5, S5IC. EDTATAT—Y
FEELTLAMERET 52 L AEBRONE, ADREERICBT BBEHOEEER L
) 2Bl - EROERICET 57— F 2 MBS 5, SO LIk | R, REL,
A &, BORAEEIE < 1T 5 BIER B ORBERFRRICERY 5 L ¥ AL T 5,

I #fFES5ik
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nonessential amino acids (NEAA)) Z V>, 5% C02 JERE CHERFEEE 21T o7z, — EHARIMER -
HRE$E . b b ES #BaTeEERR (0. 25% trypsin, 0. 1lmg/ml collagenase IV, 20% KSR, 1mM CaCl2)
T37C, THRBRIGEEE, D%, 967X Nunc 7L — MZ 3000 oM 2 F N T=a—2 R T
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ANZ 0.1% DMSO 28 Liz_ vV [al e L &R CHRERSE L7-, nEB R 5 ARIZ. DMEM/F12
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a— h-FL— MCHEEL, nEB AL OMEOERE —BRBE L2,
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X 112135 BV HONPC DAZHE T 1 b a VR /R LTz, EROEET 2 barTiadiaded
RESMICIT 46 BLLED BER DB, ZZ T, SEBIQEB BT 1 2, @& LiFEHF O
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EE BaP IR L. 3 AREIEEBSLIEHPICEB 2% L 8 B E LFREA2EER L, EBR 21X
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L8 AR LFEBEBR L, It 27 L— MEB L, ER3ITEBRM 2 AKIC 107~1070
O IEAOEED BaP ZIRE L., 3 AMKEER LS HPICEB 2B L 8 AMKEE LBELBEL
7. FEBR 4 X EBAL 2 A1 200 mSv TN 400 mSv @ 2 BEDKRERD Cs 137 #BFEL, 3 A
PSR LS AR Z BB 295 L 8 B RIS LIV S BB L,
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BEZT5 L, MEMRCHENS TR OBRBCHINE DL CLEST, £I T, BE, ER3 &
LTREZER L (K4, EBR1KRO2 &b 10 @ BaP Tid. nEB H 6 OEOIMH 23580
BN TWARNR-7-DT, S5EIL, BaP OEEL 107~107°M IZRELBRELZERE L7, TORER,
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vV B
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Prediction of dose-effects from low level radiation exposure in the embryoid body
differentiation assay as a model of fetal effects
Hideko Sone', Mari Katsura®, and Nobuyoshi Akimitsu®

! Health Risk Research Section, Center for Environmental Risk Research, National Institute for
Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki, 305-8506, Japan.
% Radioisotope Center, The University of Tokyo, 2-11-16 Yayoi, Bunkyo-ku, Tokyo, 113-0032,

Japan.
Keywords: radioactive cesium, fetal effect, neuropsphere, environmental health, embryonic body

Abstract

To clarify health effects on fetus due to the internal radiation exposure is one of the important issues
for the radioactive cesium at low levels. Since species differences with human exist in the laboratory
animals and the epidemiological study is difficult to make causation by the radiation exposure at low
levels clear, an approach to fill the gap of both is necessary. In this study, we investigated that effects
of the radiation on the differentiation to neuronal cells using the neuronal embryoid body (nEB)
derived from human embryonic stem cells as a fetus development model in vitro. nEBs were
exposed to external radioactive cesium-137 of 200mSv/h, 400mSv/h, or Benz[a]pyrene for three
days during growing of nEBs. Then morphological analysis was examined at 1 week after
exposures of radiations or chemicals. Potential effects of exposure to external radiation on neuronal

differentiation of nEBs were compared with a chemical carcinogen.
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WRREL - EREER - ERERFRETIC X D EBKEMRO

MAEEBA « ERER - EREHIT <IT X DM DNA BEE O ERARNT
SBAET (REXFXRFREFELRAFEEBERB LT - HHE)

WREE

HRENBES -RFOREFOENEZ T T, BREKHBR., LYV DIT 100mSy 2T
DHEHBHIIICL2BERERNEASNLTVS, BERAEHEESE TR, 20 L) RIER
BHHBICL2EEREEC 0“11%%&£z%%5$ﬁ@@f.%f%5tb B A AR
BEEDSIE D, BEHEL X VWEZ L (Linear Non-Threshold: LNT) EF AV EZHEALTW3S
B, ZOZERBIZL, —BREROBEALZEHRTI2RRAICLR-oTWS, £I T, A
CHEETII EBEER - EREHRIZISETAHVIIBV T HIEITE o THEFH SIS DNA
BEBIVERAZROEBIIRB T HIEHE L HRE, BB MRICEB LB LMBITTS
ZrERFEHELEZ, BEMICIE. ABMEEARERZREMHERS GREM) TV TER
BR EREEHR (0.05~20mGy/B) ZRHE L7c~w v 2B WT, BHEKEDN 1~100mGy
DREIT, BRBRLABBBREZS LIBEORTHAGEZER L. EIBEAX®ICB\VT DNA BE
BFTu—TRBIUOBRMR~—I—H DV IIWERE~— 7 — &wiﬁﬁﬁwi%@%@ﬁb
7

FPVERER - EREAFBRBH v A CB T 2EARDOERIZ DWW T, 0.05mGy/H |
1 mGy/B .20 mGy/H DBRERTERRE ImGy H D2 WX 20mGy 2 BFZ Lic~vU R KD |
FURAR, FLAR. MR, MR, VHiLE. . M. TR, BRI CAMBRZREIL, 7+
N= ) B TEERBIIAT 7 4 v ElETo, RUFIZ. B2 43I 70 Z@EL
THYL AFA FI/FRPCEELEOA ZRAT 7 4 % ERIECLEEHE L T,
Pt 53BP1 B L UL Kw7HWTﬁﬁﬁr%ﬁ%ﬁoto%@F% RRER. 2R, Hiks
METS3BPl VA— W AZKRHB L, £/, 400mGy OEBEERRFIC LS DNA HED
@%%ﬁhE\M%ﬁy@ﬁﬁ<ﬁi0%ﬁéht7i—ﬁXT%\ﬁ%&72%%i?m
ﬂ>#ﬁ&<@%%Tﬁ%éﬂéQ%%¢®7i—ﬂzﬁﬁﬁfkH%GVNWETM¢
LTWBZEHBHLMI L, S B Ki-67 BEMRICEIT 57+ — 0 AEOFHEN 5

BFE® D7+ — 0 2T, BRI ﬁ@m&@miwwmmoto
L%, EHREF - BREERHBEBHZMHL TV, T2, BRLUZES - SRR
%5 DNA BEBHREROMITZZET LT, BEREE - BHREHI v v 2 0MBKBARICRE T
% DNA BECERB LRI OVTHRZHMRZ I LD, TNOLOMERRICEY . B85
TORFAHRKERLEOBREEE - @EALHRICETI2ERER - BERERITISORE
R Z » ST,

F—U— R EHRE. EHER, 100mGy, M. DNA BE

I. HERBE®

HREBENREE-RTFAOREFHFOBERE2ZT T, EKEEKRSR. £V bIF 100mSv UUT
DOHHBEIZICLABEEEBIZIOVWTOZL DERITDLERL TV S, L#Lﬁ#%
KB - RIGOFEBHBEEOEZHEFRLE TIX, 100 mGy &Y HIRVKRE R IC
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BEZEBIZHOVWTHBEREZZ2BIZIBOTHET, 20D, BKARGEOLIEND
BE# L Xx\W#7 L (Linear Non-Threshold: LNT) EFANFEAINTWAER, ZDOIZ &N
WMo, —BERODRERALLERTIRECLR> WA, BEERFA AT ZER (O
WTIHEER) 0ZLoE®HIZY, 100mGy 2 TR S X ) RERER TOHKIT OREEE
OHMBRICERLZBARZEITN TS, MXT, AFEREISORBTAEAFZRIT TS
EEREORD - REDEDOREEBRIZBWVWT, ZORZHNZUYMEZ LIV —BEDDLT-

2%, ER20mSy RAEREBE 100mSvE 0, REERER - BHREBERII OR
REBOFEIIONT, LODTRBACHIREEBOEN L 2 2 BRBMIRIC BT 5K
HBEECEFOAELVIBANDL, HENMIIERINZEEEBLIERRDLATH
32 Y, 2ZTAHFECTIR, EHEER - EREHIZETABHICENT, BIEICLoT
FHRENSDNABEBIVORBRAZROER LR L BUBRER A OER L 22 5 B4 -
MG AEMABOBME, H>5VRFIrLEHELZHMRICBWVWTENTTI2ZIL2EH
P

. #HEFE

ﬁﬁ%% BEREHHBRORSIZ, BEFOBEKREE - EREBLFRBEBERIZBY
THoz ¥, BEMITI, Eﬂﬁk%fﬂﬁ)\bt B6C3Fl w7 % (1 A —F 6 L) R

AL, BEDOHKIZ, 0.05mGy/A . ImGy/A 8 LT 20mGy/H O &M4T, REREN
ImGy 5\ 3 20mGy 272 5 £ THEZME L, = br— b L CHBEHLZ AR
fBELE, 72, Bz be—n1Ee LT, RREERAH (400mGy/ B TREBEREN
100mGy 3 & Tt 400mGy) ZRBEOFEIZLVRHE Lz, 1| BORFERFEIZ 22 BFEICRE
L. BY O 2ERE2BNAETRECA LT TR ChHTE, BHOREREICELELL S
AT, BRER, LBR. FRER. MAR. WECE. FFER. M. B, BB, IIRBIUHELZR
ML, 744~ ) VHRTEERIIRT 74 ABLE, 20OH%, 4 270 0OEXTEY
EAREER LT, BT 7 4 VA%, PBS TIUTREFELT,

AR, BELERP TISCTI0HNEL T, HEORE(LEI T2, £D%E. 5%skim
milk % & 3p TBS-T (0.5%Tween-20 % &3¢ TBS SBEHRK) I —KkAEKEZHFRL T O H & 37C
T2ERBKRIG S, —®kHLE & LTiE, 5T 53BP1 Hifk (Bethyl, A300-272) ¥ & UM Ki-67
ik (DAKO, TEC-3) AW/, RIGK&TH, PBS TE< ¥ L T, Z&kHilk%E 37CT
1 B R G S 872, ZIRPLIRICIX, Alexa532 (488) OB U ¥ 1gG Mk K T Alexa647
(594) BREOHT v b IgGHEE Rz, BAIX, 1pg/ml O DAPLZEL 10%7 ) &)
VPBS WP THALTHRAELRE, 72, MEBMEROFFEICIL, BliR~—I—& LT
GPCR49 72 X iZxt+ 2 Hfk%E, MIREERE AV TR L,

ERLL7- AR, EAEMETTEHEL, TV NVEBERELZZ, BREH T
AZEDRIETS 500 8 (GERRSE TIL DNABEOMHEIZ)S U T 1000 AREE T) OHM
Bz DWW TR 21TV, 53BPL OBEARDO Y 7 F Vv (Tx—HR) OHBAEEZEHRTS
Ltk b DNABEOEMEIS I UHREFMELE Y,

(f ¥ mEm~ DB E)

AR, BMEREITICHE-> Tk, BEAOBNERIEHZETF L, PRI EREZAT
S BEREENTEROBNEREESZOARESZT LT, AFOBNERI A K7
AV EBFLTERET 2,
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1. #F5ERE R
1. EREF - BEREXHBRBHRHI LIOCERDOIER

B6C3Fl vV A% 5~6 @M TAFL, REMOBREBFRMEA L, 1 7 —Vdi
DIMLED-TRAEANT, REOE, S EEICR-TmEZATRENZMLE L, 0.05mGy/
H. 1mGy/H, 20mGy/ B DEREFTHRHNZHE L. EFEMRE ImGy H 5L 20mGy IZ
Roleb ZATHRHEHEKRTL, RH~v R LIy IEZHBL T, BEMN RS T4
MBEREE L F—ICBAL, BHET-o7, SBE - A 10% P HEEE L <) v h
T1IARBL. MAEFORBIZ710% T /) — VIIREBELBHOUYVHLEZIT-7-, 1V H
L7, vy MCANTESHABREBICIV ST o @B LE, BRL LRSI
FORAR, FLAR. MR, BORR. WHALE. FFIR. Ah. B, BRI UCAERER T, BRI
254 RTF7ALCEELE, £, THEROBRE T, Hx REIOURF ZFRL TR
LR, BERIIC, B2 43I 70V iCBETAI EICRELE,
2. MIBRIZEBI1) % DNA BEOKRH

£, 400mGy OERBEERBHE Y ANLEMLZHEROERTDR ZR AT 7 4 V15,
MAERFE(LQAEZ M L T, #l 53BP1 MK TEAABEREZIToL L Z A, FRR, LR,
WikEpe Y FLACDOBBTSIBPLI 74— FAEBRH Lz, £, FRF~ T ZAHEKD
MBETL, BEERAL 7 — D 2A2BHLE, BILBICBIT2BIT»01%, EBFE~Y
ADHELBFICBIT2BEBRFEED DNA ZEHUWOEE X, BRI EZMEHY 0.01 EE
ELrREOLNT, 400mGy BEHZIZ, MREPZIVVINREREDC 7+ — I ARBEILT
AN, REE 2ERE IR, ERE~~ VA TBRINIBRRED 7 +— W ABRBE L
REDLXALETHEHAALTWAZ LALLM R-7-, 7=, 400mGy BHBEDO 7 +— 7
2T DT 3 — T AEOSHEERARITHRDEE, 0% LOMBEN 1EO7+—H X
EHELTEY, ZO0MIE, FBRH A CRBINENHLALTho Ik,
3. MR MIAICE T 5 DNA BEFM

HBNICHEET 28R LB ET D710, Ki-67 FflIC & D% E 21T o 72, 3k,
Ki-67 B OBRMIZ, 0L AERRABETITDONLTWAR, ABFETIE, i 53BP1 #i
K% Alexa532 (RIBMAEYE) THE L. H Ki-67 fiff % Alexa647 (EARf}E) THRHTS
FELZBSI L, MITORBE, LB T, Ki-67 BT 7 AR 7 ) 7O T HICMAE
FTAHRMECEEINEN, £ 0MEBITBVTIE., Ki-67 BHEMBIIERET 2 Z X bh
577, 400mGy I v T RICB T B 7+ — D AKOFMNL, BRAEHDO T +— V2K
T, BAIRICEBRERRIRED N Rn o, ET2. BREO T F— I A FORWH T
b, Ki-67 B & BRI & ORMICHAREREZERD b2 h o7,

V. 8

AL, BRER - BEREHEBRLBH L~y X icHET 2EE - Akic\ T,
DNA “E#UIKOWEE L2, MEBMRICER LTERT2ERBNTHL- 72, BIERE
L EBRERFROBHRIZ, EFRBRATIMNICOIBEFICBVTORANETH 72D
2P, bOMLOBENLEBRKZEREREHRREZRAFRR & OM TERFERN &
L, FOLET, BEFICBVWTERZITV., MBREREZRIRBRX THIT T 2 RER ZH
WL, TORRE, MBUA2HEBRECHRETIREDOIRETHZ LIZE - T, KB
EHEEZBY RHEET I2RBEELTHIENTE,

MAREEALZ A7 DNA BEOCRITICRB T AHEN2EGOE—I1X, BUUWAOESL %
M7y CRETEINEVWI RBETHE, BRHIZIX, BR2EREENL LI LREAD
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IR 2 ERT 2 0ONEEHTH SR, EBEICIZ, 10 370 BEQOEL OERT AN
BIMIZEL, £, BTOoBK Zz8FmoMREEOERZY REEL 2> T, XV EBNR
EBMWTARETHD, 2T, REORER, BRMICESE2 43I 70 b3 5FETREE

L., #xRELCRENICRBEZEZNONS Z 2 EB LT, HETH 500 AoMiaco
WCHEFT2EL L, RICEEICR 72D, DNA BEHSF~—F—0 53BP1 7 4 —
H AL Ki-67 D _EPRAEOHN TH o7, €k, Ki-67 FUROBRHIZ, £DIF LA LN
AETITbATWAR, 2OBMAIR. BEOEXRELAETEHAINIFGEELS, M
BALOHARENL LTHRIIBRHENTLE > D, RAZERAAAARETHDLIEZ
L3, 72 CABETIZ. Hi 53BP1 Hilk % Alexas32 (FREEGEK) THRI L, H Ki-67
K% Alexa647 (EFRAIN) THRIET S FHELZHEIY L, Alexabd7 IZ XD ENIX, AFMOH
TRERATERNED, BRIRET ANV —2BLCRBLEEGEZREUY 5 —{T5
Tk ARIBIZER S LTz, :

ST L7=FHEICEY ., £7. 400mGy OEBRERBH VAL OEIRL AR OEARY
HEMITLIZEZ A, BRIB, AR, HkEil BLALOBEBETS3BPI 74—V A%
BRHELE, L2aLaRs, ERF~Y 2EEOHABTL, BEERRL 7 — T X2 KH
THIERTE, MERBEIIC 2T TRVRETL, ERIC DNA BESFEINT
WAERERINE, BRER  EREKFNROBRZELFIMT IEICIT. BRBER
MBS EMFEESICIZEBL L TEZOBMPRINLN, SEO/ERMNL, £
ORI, AERNTEENICER LTS DNA BEDOL_ILVLEETRETHIENHAK
CRoln, A%, FEB - ARCEFTOEERED DNA BHELV V2 EERIZHH L
TELIEAMET, 20 LT, EREXR - EREXRFHR LS DNA HEOHE L7
THENFETH 5, ~

FL Ki-67 HUiKIC X % Ki-67 BB ORBICE Y. WhETIXZ. Btk 2 )7 ho
THICBRZEEINZN, FRUADEL ORI W TIE, Ki-67 BHEMRIIRET
BT rnbhrotc, Ki-67 BUHEMRIZ, WERCA-TWI MR THY, B3 L LARE
MIRERBRLTVADI TR, 22T, ol —r—2 BT, AkEMro
BEEZRLEN, BIEEOBEAED GPCR4Y (Lgrs) DRRIZ, BESNLTWVWAY—A—Td
S5Th, AFERAICRATEARMEITIELAERL, BSRNL, SFEEORFTIZ. 4
wHMRoEECAERRREZR OO RM o7z, L LA b, S OBMIH DR
HKOBRERVERBRLT, HILWHRER K2 LB TVWIEHEREEEL T, 5% bR
BROIIMABIREOREZHMIEL TITO TFETH D,

AR EMIZI T 5 DNABBOWERELZFMT 572 ®I1T. Ki-67 BHEMARIZI T 5 53BPI
TH—HADFEERF L, FORE, BHERO 7 +—F 2EITE, Ki-67 BIEMR
CHBEBRERRRED b N o, T2, BEEO T — I ZAEOBAS TH, Ki-67 B
MBS EEEE L ORICEENBEICBVL TIIARREIRD bR Te, —FH &
WME (12Gy M b)) TiE, NESRHMBOFN LYV HENIZDNABELZERE LT 58E
LH0 Y ERES D VIERER - BEREMRHBEIZ © DNAREDOHKRICOWVWT, &
BB ORBEREF-ND,

V. fEiw

EHREER - EHEREHEIIC 7RIV T, BER LRSS - iz 175 DNA #H
EOERLIHEREMBITTAERZLMHIIL-, FIRB., AR, HILER L, 2LA LD
BGSIBPl VA — WM ADFELHEL, FREH TV AW THEEERZALALTWVS
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DNA HENR, HEBEHEIEIck v+ 2E2MB L7z, 72, Ki-67 £ 53BP1 L D_H
MR EEREST L., HEHMKRICIBITS DNA BEODEHELERICFRLIMITNE R
EA TS,

VI W E L& O . ,

TRk 24 EEIZ, 3EOLKHBOFOYMEEL LTHBST bh, EREE - BREK
HRBHEZEATS LR, By A0 ML T 20K - BZERR L. DNARE
DEHRNRBREAD -, PRk 25 FEIL. BEKRE 100mGy OEREE - RREBHRE
WNERBT2LERABIIC, FR24EECERLZEERE ImGy 8 LU 20mGy DIEADE
BB ZED S, LT, ER6EEETIL, ZNLOLETOREEROBITEZAT L T,
EREE  REBHRFEBFIIICLS DNA BEOCHABRBMRIZRH T 2EM L HRICET
ARFMMRERTT S, 7. AEBMAKICE T 5 DNABEOHEEN. DNA BEEE
WAL 0h, HHVI DNA BEZZTERMEOT R =Y RICX2HROBRLRD
WEARICT 270, FRL 25 F£E» I3, EdU O 512 X 0 MRk 22 — R IR
BENA0%FALT Y, DNABEOHEE L *IC DNA BELZZ T =B MR O Edm % B
THEHEEZEREL T, ‘

RFRICET ARIET TOFERIR. L&

2L
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Analysis of DNA damage accumulation in tissues exposed to low

dose and low-dose rate radiation

Keiji Suzuki
Department of Radiation and Life Sciences, Nagasaki University Graduate School of Biomedical Sciences

Keywords: Low-dose; Low-dose-rate; Dose-rate effect; 100 mGy; Tissue stem cells; DNA damage

Abstract

After the accident at the Fukushima Daiichi Nuclear Power Plant in Japan, much attention has been
paid for probable health risks associated with annual low;dose radiation exposure. While the
epidemioloéical studies of A-bomb survivors from Hiroshima and Nagasaki have indicated a linear
dose-dependent increase in cancer risk at doses above 100 mGy, it is quite difficult to estimate
cancer risks stem from lower doses of radiation, e.g. less than 100 mGy. Thus, the LNT model has
been adopted and used as the current standard for radiation protection. However, the LNT model
does not always explain biological and epidemiological data. Although the LNT model assumes that
accumulation of the initial radiation-induced damage in the target cells is associated with cancer
development, this has not been proven in any of the experimental systems so far. Therefore, current
study aimed to demonstrate whether DNA damage is accumulated in mouse tissues exposed to
low-dose-rate radiation. B6C3F1 mouse were exposed to low-dose-rate gamma-rays until the total
dose became 1 or 20 mGy, and several organs, including thyroid, mammary gland, intestine et al.,
were obtained. Then, tissue slices were incubated with anti-33BP1 and anti-Ki-67 antibodies to
visualize DNA damage and proliferating cells, respectively. Obtained results show that 53BP1 focus
are detectable in every tissues derived from exposed mouse, whereas they are also observed in the
control mouse. The Ki-67-positive cells are identified in some of the tissues. For example, a lower
half of the small intestinal crypts is mostly Ki-67-positive. These cells show similar levels of DNA
damage compared with those observed in the Ki-67-negative crypt cells. The present study
established an experimental system, by which accumulation and exclusion of DNA damage in the
tissue and/or tissue stem cells can be determined. The results are anticipated to provide scientific
evidences that should contribute to the scientifically acceptable estimation of cancer risks from

low-dose-rate radiation exposure.
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FRSERRAA, ¢ (AR - IRAR AR < (© X DAL A
DS HRIEE DL BT AF%

WHREB4 - BHREE - BRERT T X 23R~ DO EL O

ASMEE (MFHREFR SRR B v 7 —FEWRIE S BT 1 7 7 LARIBHIE
SHARF—LF—LY—F—)

MRS

B OREEWEIEEN b2 5 LS ARE) XA 7 ICBAMSEE->TWD Z &b, U R FHlfR
DA L 72 DT PR FRARIL A AT B 7, AR~ ORGTHREEZ T 5 2 LA
DENTH D, AELT, T ML VERRL-HAREHREE AT ARRESEI IR RIE TR
EIE L. EEARKUHMEREOTHEERROML LRSI, TOME, MR REOET
EZHE L LR ESEORZ RN 3o T, Eio, MR ERLEEL L
FEAREHER AL L. AMEFESMH T TOMBEERD b~ — —RE L IRRIC L7 o LRERF
MR ZMeL Uiz, WAEBEURSL, Z OFHMEREZFIM LB O, RO\ AR DNA 8
BARI KT TREFET 2 72D O FHERL bW T— 2 IEZ ERT 5.

F—U— R AR, RLIR. HOHIRRE. BAE. ot

1 HZEEHY

FALHH AR R 5 JRF AR EFT O FHUT L Y HiH ST BE RIS L D BIROTGRE
ZIFT, ERER - RREREIE T L AEE~OBLSRE - TV B, RTIHEIEGE ORERE
BRORE L 72 ABATHER Y 2 7 SR OIS LNT (R T 5 28, £ DR E 72 BH2R0HERR O 5
B HEHEBRRERADA =T — 5 VORI TN S LW 3 ST OV T, BRI R
BLTWE D, $7= SEEOHBIRAEN T OERISHERR Y 2 7 FHRORSIEBRI KIS~
27 MEIREVD Y, SRS T CERMB MR ERICER D MER T IR,

Z 2 TARRR T, MEIMEREOR LBV RO UL S THHAUMITER LT, EBADEIRT
B HARRRER IR BRI I1E T DNA 1BIEA R, MRRESE, BARRUYMLRE~DREL EBRIC
AL, bo TEMLEVERL (LNT) RBEOIRHLE 72 HHERDIL D SLo0 & D D EFRET 5 T &
ZHOLT5, AEET, RS ILBRSREREOBFICRIETOREMAL, S LITHERERUE
BEZ RIS 2 ERREHEL T D L ZERL LT,

0 BrgehE

SHIMSEDEROBRET © 12~15 B ORAME LEW ZH 7 » b & REF CHRILIC X > TREE S
7o, R LT PSR BRI Uiz, B L7252 IRBL RS DI CHET L, 0.1% =5 7 —E I
MR HIERT > CELTHZEICEY, AR EFARGIEEB-, bz, ZhE 025% h) 7w
EODN 7—¥ I TAE L CHE—MIC AL, SEBRICAW:, ERTITEI UL 137 To<fii Ik
FESF S L <13 100mGy 725 8Gy TS (8 0.5Gy/%y. =iR) L7z, 100mGy iZBLTiE, BT A
137 7 < BUERERMBE (ImGy/4y, 100 4y, HiB) biTo7-. BAO%, B EGET 58S
f (FRERFERN % E5H 7 5 MammoCult B5#) 12T 1 BRSE L, RS- MlagEesis O
TR O I X - TR E R 5 L Sh5b,) 2HEME T CRHEL T, BMRBFE~DEELR
L7

FAERESTEMR DOBAZE - EFE & FRRICEEE U /- AR RS . Sl LRG T 2 EACTI#
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AR L. SMBOEBERLBS L & biT, RSN HIREEREA ML 7=, . ZOHRaEE
EHAMEE L, RUSMHT 1 EREEE LT, UK SN RRERES S0 5T L 7=, '
SHCRESTBR OBA% - L5 L RARIC BARE L 7= FUIR LIGAIRA S . SR A MR D ISE AT TSR
L. BHiaOEER S, RIZZOMBEERY . MEEHE 2508 LT 1 BRFEEERL.
HRaZ R~ Y VEELEOL, B LRI~ LR A b T T 14 OGERIRIEERIGLAIZ X
T e LR ~DSMbEF A R 5 F o 18 DB LR EI X > T ZRENfHE L7,

(i~ DBLE) :

EBREW LT ML Tk, REZRAHATBNERERR I URB SN RBRE
EICESE | BERES S NCHHREFR AR (8RS I 5512 TRBRBIR
PEOREEREICET 25K RO [EREWMOHEEEERSICET R 28T L Tl L7,

Il #FFERER

1. ERHRRIERFERNE

BRI X > CHEEL 72T v AR BRI Y o ~#R% 100mGy 725 8Gy TRMRST L, #ii
IR AR COMRBEROER AT L2 Z A, 100mGy TIFHESR (0.5Gy/ob L<
iZ ImGy/4y) (2B HTHIBEESL O RICELII R bz o Tz, BREMETIIIE> THlfasik
SO RIME T+ A MR 57283, 8Gy TH 0Gy DIFE D S0%IREE £ TIZ LAMET LedoT,
ZOX W, MBEESRTAELTEE L LIZGA . Sl IR R O MR BEEIERI IR L T
HThHot,

2. FARERHER DA% ‘

FERE OILIR LA E 1X10° MY/ 7 = L THEEL T 5 1% OAIREEE R OTERERITA
0.1% Th-oTr, = ORINDEEN & AFBE L TE B 2 MBIEIIAEID 10 250 1 LITF &DRp-7228, 1
X 10* JRY/ 7 =V CHRERE L C 1 AR T 5 2 & THUYIIERER 2R S5 & FRREERDOKE
RRITRIIVH01% TH o7, T X 0 MREHESL O BARETHER 2R TE 7,

3. S{LREFHAMFR DRSS

FERRES O FUIR L FEHIRR 2 5 VB L7 MIRasEsES 2, <~ P P MC LB a— b LeF v o 3—X
SA4 FET1EBREET S Z L THOMGEE L7z, SHEESLICHET 2l oM, EFELZRK
BT M) AARESE L, 2RO =—%FR L, kR~ ) VEELER, BHLEK
HBL~DLEE YA N FF o 14, PR ERARA~OSMEE A N T 18 Oat _ERERA
IR TR LTz, YA N7 TF 2 I4BHEROY A b T 5 18 BYEMRIANEET 2 2 n =—X,
YA "NrFF 14 ROV A Mro5 18 “EBMEMRNOKS 2 =— R TE 72, ZhIZLY

INALLEST O 77 2. BEYe -7 X
SfveeRE R T R TE T

IV &2

HHIRREFERNEIZBE L Cid, MIMEEES OB R B L L GHMEL /=54, 8Gy £ TORRHF TH
B L S AEGT DI e bhotc, ZOZ Lid, OB LB X < AF L TREBIADR
WERBIEETRLTNS, EBE. T v MRS 1~8Gy Z AFTRH L THREERGFHNTEIB AN
FRENG O T, EREFTO 100mGy BHIZ L ABEREERIBE IR -7, ABEIC K
AHEHERESHERE L o2, ERER THEAENICEERESEDIREL RA7-DIZIX5 AU E
(8Gy DIFEE) LBHETILERD Y, ERITEI 2V, 4%, BVEZHEARTEENRR SN
BE. ZOREIZOWTERERONREE REFEREE/RLIZV,
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BARK O UEEOFHEROBRICE L Tk, WEELRE, ZHhZfH LR B0 21T
5, AFEEOERIC L SR REE LB L < AT 5 2 LAVRER SN, T OB
ARER U LEE R FERBI OIBE L FIHREEIZE LTV AN E S IR TH D, AEERTR LM%
ERAWAZ LT, ZORERALNITEI ENTED, TexPBERICRIAERTIL, MlaEERE
RIZA LR AR 5 VI LA M~ — 7 — 2 2 & A EFEBL TV GREROBIE) . M
RIEES 2 MEEBESIFITB T L, 1 NS F 0 4B (S7eb b EEHIlR) RO A b
SF 2 18 BRI (T2 bbNRE ERAINR) NBET S an - S e, ZOX S han=—
VX BAENC LT 2R AT AMRICEERT D LB NG, £V A MM TF U 14 KO A b
roF 18 ZEBEIR DS 2 n = — bR I, 20 L5 R TEBEOMRITE FERE)
YOI AR TIC BRI T AR ", FOEKT L bivo TR, AROEERICINT
I3, T ORI ETRELM T b A LRAREONIE LR (BB oM) IcE Tk kL Tw
NI ENnD, MAMIZHET AN EATIMIRE TR VO THLLEEZLND,

V SR
FLIR ORIz 2 MR OB R &
FARR U LEEOTMZ AR L7~

VAL, B LEREV S LRSI LT, E

T

VI REFEELARE O FHEI

WAEBEDIMRI T, AR U725 MER 2 FA LT, FONRIRE 2 AR, Mo RITTHEE
R 5 ERAEEM TS, 72, HEHRY DNA BEARICKITTHREFHET 2 7200 FiHEERE
TV, FT—F OWEZFIST 5, BERICIT. FIREKESIZIIT 5 DNA BIEOFME L. EiEricE
A & 7= DNA BEOEM OFHlCBE T2 EE8RA1T 5. M T, MEEMIE%L in vivo T EdU TIEm@HY
5 Z LIZX Y. DNA BEZZ T -HROEN 2B+ 2 E5RR 4 L. DNA EBEOHBES D
HERR Dy FEAEH R T 5,

Z ORFRICEET 2 BAEE TOMRRN., EE
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Evaluation of accumulation of low dose/low dose rate radiation effects

on mammary stem cells

Tatsuhiko Imaoka ', Ayaka Hosoki', Kazuhiro Daino "1 Isao Kawaguchi” |
"\ National Institute’ of Radiological Sciences
Keywords: Tissue stem cells; Mammary gland; Cellular radiation effect
Abstract (400 FELLP)

The Fukushima Daiichi nuclear power plant accident has provoked a nationwide concern about health risks of

The goal of the present project is to offer a nos

Ve

"

radiation from contaminated environmental radionuclides. an
scientific basis of estimating radiation risks and, specifically, the study aims at evaluating radiation effects on
tissue stem cells. This year, mammary stem cells were collected from rats and used for evaluating the effect of
radiation on their lethality and for establishing systems to evaluate their self-renewing and differentiating
capabilities. As results, the sensitivity of mammary stem cells to the killing effect of radiation was relatively small
as indicated by the rate of sphere formation in culture. Experimental systems were established to evaluate
self-renewal with sphere-forming efficiency as an indicator and to measure differentiating activity of
sphere-forming cells by marker protein expressions. The subsequent years will be devoted to evaluation of
radiation effects using these established systems and, further, to preliminary and actual experiments to evaluate

generation of DNA damage by radiation.
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MAEREL [MEHREE - EREBRFHRET I X DHEMEMRO
A RRIEE OZRICET D5
MREEA TEEEBRMBIICX T 2 BRI E ORBRZR O

RgE v
(— P HE N B P RIFERT R AR RERZEME L7 — EEHER)

WRES
BRERHFBREEICCIZIPAV R OHEIZ, BREFHFBOBAI R E2b L
CHEER S22 200, AVFENCERLLEERECOREZTPRLRNTEDDHRIE
7% THREZEDR] DAL TEY., 2O1-HEHRESR - EREAFEBRICLIEIAY R
IV EEZDIHIE-TIE, BRAOEMMRICBTIREEZDNROBE L A FHICHR
TAHAZENMETHD, HFE, BRALVOEMMBBBRMRTHIZ LAREEI LTI L n
5, AR TIX, MRBHRICTTIREEDIREL. BHR~OBREOCEFERLOBAND
LN TDZEEEAME Lz, HILE®RMR~— bV —2 L TaMbn2 Lerd Bpflia &,
FOFHMELEZRSEIRMRALBHEC Lo THMBAY — v F— =TT 5B
EEZEBLIVERERHAFNBICII2EELZRANTZLIA, BREEHHBRCBEINEY —
VAN RNEREREHFHBRTCIIRBENT, BEFPRPIHLILEERB L., £,
FARREMARICI T 2 DNABEBEOEROAELFMT 27201, DNABRBERE Y X7 0
—25Th % 53BP1 OEREEECLZEZA, HILERMRICKIT 5 DNABEOEEMN
FMEFRETHAZENALNE R, THUOLOREIR, EREFHHBOMEB L LD
IREDOMREAL, 100 mGy A FTOMRBRICLI2BREELHETIEDICEETH 5,

Al

F—U—F: ERE, KBREXR BEEHR, HLE. AREBAkR, DNAHE

1 WM
BHEERBHEEIIICIDIRENAY A7 OHEIX, E2EMCTIIKRAEZN BN
BANL DD, BREFEXHBOVNAVI A7 2L LICHEERISDIE2 22V, LaLan
5., AMEMCEIRALEFRECLRERNELNIIEDDHRENRERD REKPR] M
HHZEPRMENT VWS, ZOH, EKBREER - KBEEHRFRICIIRBIA) A7 ZHE
TAHBRIZE, () BRAOENMICY L CREXDRVBBEINDIONZRRET H L
Q) BREZPHEPBRINIBACRTORBEAEMFNICEBET DL NERERREAT
HDHEE BERANRERERZE . LE-EE2AKRMRICEARTIZE . Thbb,
BN ALOEHMEAEBRBRMBETHIZEARESNT Y, . RSN ITERMER
BHRFRT D AR IO TREICEET 520, ARBMHRICH L THRARESS
COREERTION, ZLTERBLRVWEAIIHAHBREBEE AL LD XS TR S
NADHERALNITIEZ LN, HEBRERNADOY R 7 2FMT 270 0BEEDHRIFEICR
rrEZLND Y, FIT, AFETIR, MEBMERICTT2REEZNREL, BHE~D
BEEOEBHEOBANOHALNITAZ LEZAME LT,
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n #EHFE ;
BRI T O REBREELMT 22010, HILERMAR~—I—L L TaMLH
% Lgrs BBfRICE VT, FEX V7 x> (40HT) OEEICERT L THREFEN ICHEER 2
PFEL, FOTRMAREZ VR —F—#EET (LacZz) TERIT2HMBALENE
(Lineage tracing )28 @M AI#E72 = 7 X (Lgr5-cre/ROSA26-LacZ = 7 X)) & AW, fiHi L
7-HER X L Cp-gal DEBEITV, KBOZ Y 7 RO Z/ERLE (K 1), B#
o3> LEZENZL O LacZ BETOERTHRAEISLES, FVEREZLSZ Y
TFrYOEE (MELEZZY F bY@ LacZ BHMREZESZ Y 7 NOLE, %) %l
E LT, Fixld, Lgr5-cre/ROSA26-LacZ v~V A E AW ZHE TOMAT, 1 Gy DEHRE
EXBBICE - TRBHMEABEL, 20%, FHLV Les BMBAELNSE (T2
bbb, #—vF—N—RHESND) ZLERHLEY, £Z TAFETIE. 100 mGy ©
EREREBREIBH LA~V A TY— v A — N —DORIERRBETRELZFEM L. BREXR
IR 100mGy A FTORKEEZITHI ZL2RB L, ERBEEZRD 572D 0.5Gy/77 TIT 5
ZEREELER, BEo hr— bl L1 Gy OBRHIZIE 1.5 Gy B W Z & A3
Lizl-®, HEFH2RHEREZEBEL, AERTHERERREZ 15 Gy/a s L,
Lgr5-cre/ROSA26-LacZ = 7 A2 AOHT 2% 5 30 BRI . MR EE X% 100 mGy FBE L.
T UVRADRBIEBVWTBESND LacZz B2V 7TV EE2RAAT, T 72,
Lgr5-cre/ROSA26-LacZ ~ 7 A2 40OHT 2 # 5 30 B, EMEFE (3 mGy/FF) T~
BREEBBREN IGY IR LICHN 2 BRERBH L.~V ROKRBIZBWTRESND
LacZ BB 27V 7 FEREZRARZ EREERHI . EFARE T IERERRHRAER (7
V=V — AR EMRAES v 7 & VCsOH U~ RBLHBE L-EGRE N TX DER)
I THTo 7z, BREFT Vv HROBREBPE L. KAV T AREFFETF GD-301 JBF 27/
75 AKRKERL) AV TIT 72, BRERIT, o UORNEFHFELRLC~ YA — ¥ (7l
BER. B ANF) KT AREFLEV AT, BHEOKEBHOFRRE,» L LMRE
RBREY 3 mGy/BRIC2 b —VNEBERE LEZ, Bz be— L LT, 40HT &5 30
ARICEBRELEXBIGYEZBH LAY R TKBBMRY — 3 —N—DEELZRT,
Wi, MBI Y — A —N—D A=A rxMAOMEELHE (TR F—vR) B
LFUO'DNABELEEENLPALNIT IO DOERZIT- 7, MIROHEFHIZ, BrdU OEY
ABFLUKIET DY@ THELEZ, 7R = RZ20W Tk, 1 Gy BFE#OBE I
LT TUNELEZHAWTHEN Lz, DNABBOREL M T 572912, DNABEEEZ
RID—>Th% 53BP1IZEFE L7-, 53BP1 i3 DNA BEMALICER (74 —F ABR)
LT, BEEEBICHEELET S BESNWZETHRCESETS) o, AHERICEIT S

1 3 N 4 < 7 - 3
DNA DEERZRMTZEVEETCHAZ LRREINTWES Y, 22T, $flaicsT

% DNABECEHY . HILEHMBEH7-V O 53BPl D7+ — W ABREE L T OEES
B> TR EZRE Lz, T v VALEREEXRE IGyZBHL. 6B L
R 24 RIS L EEE BB I OKRKB MK O T 7 0 CRBEF ZERL 72,
T, MBS MRIZIBITA S3BPL O 7 +— W AR EZBET S0, Bpfila~—b—& L
THmbhD Lgs BaFeRATIBMBE Y 7 (EGFP) 2 %R T 5~vv X (LT,
Lgr5-EGFP =7 &) % F\ ., EGFP & 53BP1 O EMNAIREN T BET L 7=,

(fEm~DEE)

AT, YA HE LBV ERZELSTED S IR ERSIOCERDYRBFRA
CESZBMEEOCBANLFEENTON., HEFTEORRBEL L > TERB L,
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1 wrE#sER

Lgr5-cre/ROSA26-LacZ = 7 A2 40HT % #&% 5 30 B 12, 100 mGy, 1 Gy ® &R &R R4
BLU3mGy/BOEKRERYT <% 14 B 3308 EBEMRED 1Gy IKEET L F
TEHRERBH LTV, KBAKOBMKRY — v —"—HELAELZ/ERER 1ITR
T, EBRE~T7 R (n=8) TiX, LacZBMHEZ7 V7 M OBEEMN 248+£0.95% & 720, T
TOEBRBERLIZERCELF LT, 16y D XBRE~T X (n=2) Tk, 1.34%0.98%
LY, BREXR 1 Gy BRI VT —R—2FETALEHER L, BREE X
BAE 100 mGy BE L7z<v 7 2 (n=8) TiX. 1.48£091%& 720, F—vF—"—HKHED
ETARBOLNTZN, HBRAHLOtRETRAEZEIRD NN (P=0.084), &
BRERYT U ~H%E2 Gy TTEERKNLZY X (n=5) TiX, 2.12£0.52% 720, kR
HEFEFRBECHE Th-7-, WRIC, MHERITL S 53BPL O 7 +— W AHRBRE., £0
FABANOWMAIZ LD HM, BLOZFOMBAMMEEL OMBEERALNCT 2720, HILE
MEEY Tk LT, 53BP1 B L UM~ — XV — Th 5 KieT DEIERAEZIT -T2,
23 EREK. 16y B 6%, 3LV 1Gy BH 24 BHICER L~y 2/NMEB LT
KEBIZHIT 5 53BP1 (FR) BLUKi67 () 2HARBLEFERELRT. 16y DBREICE
ST, HbE 27 ) T FBHDITELDS3BPIL D7 — W ARERINDIZ L EEERLZ, 2
D7 F—H A, FRECTRIZIEBAEI N2 hol, £/, BHP 6cRBZE LY 24FHED
53BP1 7 — W AR BL T rERAIBES L (K3), Kie7T OEBRLIBRE L L-AAkE
BIEME TR L 2 A NBTIIBHZICL Kie7T BHEMREAZ BRI, KBTI
BERINZEENMETL W, FHIRICEIT S 53BPL O 7+ — W ADFEL | Ki67T DFHE
BOFETHEEZSE LR (F2), Ki67 BRMIBOBEE L, BHARBHRICI - THBELDY
LABTHEZIETFTL, TRETOHEF—F L —FK L%z, 72, 1 Gy BH 6 BRI IC
BEESNT 53BP1 74— H XX, FHEEY, NB. KB L b, Kie7 RHEMERICZ VRS
Bont, RIT, HEEHMIRICIIT S 53BP1 7+ —H A &FEliT 572, Lgr5-EGFP =
TR, 1Gy ORBERHHBERE L, 6 BeE&ZITHSI L. LerS-EGFP =V A D/MgE
IOKRBOFIAV<) VEENT 7 4 vEBEOR%E 4 um B TER L 2, 4 TNED Y
7 FHEBEASIC GFP (). 53BP1 (R). BLUMRE (F) oaitdRkeaziTv, &
HEMBE T CRELIToERE TR T AERR T Lags B~ — 0 — & R # D 53BP1
TA— N AEEFICREAIETH DL Z AR TE .,

SV OB »

KIBIIE FCLRBRERACEERBUBETH S0 Y KBICB T D Lers @k
DE—v I —RA—BEIT, RHBRERAD Y X7 2 EWPHICRAT I EERIEETH D
rEZOND, EELIZ, THETIC Lags BMROMMBRLBEREICEL > TKBTI1 Gy
ODHIHBHERY — v A —N"—BREATETHIZLEHELMIIL TV ), AFRIIBY
T, HEx1T100mGy PEBRERXRICL-TH, KFosgfRsy — A — -2k ch
BEMAERD, CHIZHERKEL OB TR ZMCIIAERZIRD NN o270,
SHERKYENDSZ L T100mGy DEBRBETENEZALNCTILEND S, A
FRERIL, FHOZEE DI, BRETHIABEMROY — v F—"=ARBE I
SVWHEEMEZRL TS, 2hid. BHREX 1 Gy BROBAICHMBR S — A Rkbh 55
BIVLFRERY, BMACHTIRENREBEREN THIZLERLTNS, —F, ER
BREHOBA. 3 mG/MF (72 mGy/BIZHY) T1 Gy zBHE L THHMES — 4 —A
—DOREMIIRHEENT. BEEHERDLIZLERLE, TRETHLEKORERDRIC
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BMLTREROBRE R D7, BB TOERRELEE KR4 RBRERTHRLE
Russell 5 DOBFZEAH Y . 10-100 mGy/4y & 12 mGy/BE CIXBRALRHEREDL LT O RE
FPRICEITTFEEORSE L EZLNTZ, —F., BLE LRMAROBRERITEIT 2%
BERBIT, Russell bOWE LD LIEBEE (6mGy/B) THESIATHY D, S5ICE
W1 mGy/B DRBERTIT, 20 mGy/H OBRER L R TY U NKRORBEREFHEN /NS
X BBZERALNCR-7Y, CRLORREML . BERERTIEEFOEROFF IR
HDTAENLDEEZLND, BREERFNBRICED Y- F—"—ORBBHRI /NS 0
S, EBRERBE T CHBHEMECHREOFBRAM S /NS WATREERH Y | HMigE
FERHIRIE OB E R ST T AF IO VW THABRORBETH I EEL LN, Eiz,
AERCIHERERBHEIT, 2 BROBRHBMKTERICHER L T — A —1"—%2#
BLEYR, BRERREBEIBNET»S 7TARCTEMLEZZ 2D, BREFRFRD
BEETHL S HICHERBRBLERIC Lacz BEZ ) S VRAERZRETHZ & T, BE
Hipd— A — "= ENAEERS D, o T, BREXBF OSBRSS, 4KRIIR
My — L A —N—DOBELXZEZEEB LT . LacZ B2 V7 VEEORBHEKR TR ORKHERZ
RRBEUBRHBE 59, RERBESTRT S L 510, EHRERE R HLE SR
DHE— F—N— 2R, BHRES—AREEINS 2 L. ERERERFIEI
Lo THBHHMIZ DNA BENEE T A2 2FMTAZ LAY FHRREERL LD #E
XWVIZ L, KAERTIEZ, BHER 1 Gy BH 6 BEf#% T 353BPL O 7 + — U AHENH

CHEMT A L AERBELEN, 7+ — W ANBEORMICBETA Z Lk otz,
L. NBEOBEIZZ Y 7 FFRBET 53BP1 74— AHEER/PNSIWERAED 5T,
IBTIEZ ) R, MAEREATELTWA I ML TR Y 'O, Ki67 2 ERT
K TIE DNA HEBENRERCHIE I > TV ARERB 2Nz, —FH. RIBOH
A7V T IO EOMNBIZLRBEC 7 A — I ABBOLNLILD, B AR L i B A A
DORIIC DNA HBEEEROBEVIIRVWAEERD S, %I, SEIERHE, BLUS
FEERBHARBEO T AT AKEZFMT L TEHEIBEZHL NI L, £z Lgrs
Bie (EGFP RBEMM) BT EEBELEFELIBIT T2 L T, BMRICBIT 2K
BB %O DNABBREHELZALNITLIILRILETH D,

v

ATRIZED . SIS — A —A—ORBERPRT, ZOMML LT DNA HEOY
BICHT 3R E EMFNICED HND L5 ICRok, RERARASHEICHMERONK
SRR A Y R ~OFEEFERICHETE RIE, BREET OAETHATERESA

- L %
VA7 RHETEZILOEYMIIHTABO AT LAY, £/, 100mGy 2 THAESREE

BMTORBRBABREELEZD Z LCRISZ EBHREND,
VI RAEEELIEO G E

AEEORRZ D LT, REEURIIHMRY — L A —A"—Z OV TERERBHRO
100 mGy DEBIZOVWTHIZMARABELZGD D, -, EREBFKHE (3 mGy/k) O
BERTHOMAETORMEZEL 2L TEREE - EREBHRTT -2 — -0l
BRABEMCBEINI»2HRBT 5. 2. BWARBEFOEHOB A1 L. DNARED
BELADET, BAUEOER L 2MEKTREL. KEAREEOHKROBA» L. Hilll
DT RIP—=VAZLBHBRICOVT, BEREE - BREKHROFFEALHLICT 2. U
FoREEEDRNDL, BELEHEMICET AT Y EEBENICERET D,
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(A) HlbEBEOHEAN, BLEERRERLKSEZBRRT 2&EOME (NEOH) &,
HMEMBEEFICHRBLTVEZ )7+ (BE) ORI, HIELERBKRIIANEDD

(F—vF—n"—) BR\WED, 7YV 7P TOMBHEBERZELY, 7V 7 FMEFHICIT, A
GRBAEHBRTIHRMENGEEL., ¥—rF—R"—0RVHBKEEIFL TV, HILER
MBLIX Lerts ¥ 7 L TWAR, Lars ZFFOMIET EGFP RREH T 2B FHAMRR
= U AR HVTHBAOEHEAEETIZLANTARETHZ, £z, Lgs zHFoMiRTr *
FVU T2 OBRECEKELTLR—Z—BEFORALFET I LR TEIHEFHAR
2w AEFRAVWS L, BMRCHBRZZEI LEFRARTRTEZLVR—F —BEFHE
BTs-n, BMRARTHL LB LTHELTE S, AHE T, X-gal OER
Lo THBPTHELRES LacZ BEFELVAR—F—L L TEALESTURAEZERALT
By, iz rEILEZBARE ZOFRARAEL I vEaNS, (B) 7V 7 bOHA
FRICHBE DT AL (AREZLTWAORE 2 Y 7 MiFE), LacZ OEIHTT v
hi=2 V7 REEbTE2 (IPoREVWE) 728, LacZ TE#FIQZZ V7 MOEER
BiEZ, #RAO Y — A —N"—%2FMT 5 L RFARTH D,
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£1 RBIZBITA LacZBBHEZ V7 FVEEORERICLHEN

BELr Laczppie 2P “
R S8 SV SYT R JUTNEFE FHE RERE
) (%)
1 625 16 2.56
2 838 14 1.67
3 734 32 4.36
FER & ! 1190 13 1.09 248 +  0.95
5 882 25 2.83
6 1,154 26 2.25
7 1,597 43 2.69
8 1,092 26 2.38
1 1,401 9 0.64
1.5Gy/%y 134 + 098
2 1,232 25 2.03
1 1,855 53 2.86
1 Gy ; 2 2,389 54 2.26
3mGy/Bf 3 2,671 40 1.50 212 = 0.52
4 2,988 65 2.18
5 2,346 42 1.79
1 646 19 2.94
2 1,023 12 1.17
3 1,351 9 0.67
100 mGy 1.5Gy/4y 4 1,206 0 0.75 1.48 + 091
5 881 8 0.91
6 875 19 2.17
7 398 3 0.75
8 278 7 2.52
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M2 WLEGN IR T DR RER S3BP1 OB LU Ki6T O
SUACHREEXM I Gy ZBA L, 6 b L X 24 RMBICHEEILE, <~V AHLED
K574 REER (4um ) % EHUSOERSERMILFEREE1T -7, 53BPL 2, Ki67
i, MRk EE TR,
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A s 3601 KB
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: : el |
3
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g o0 : :
= ;
£ dog Ty b m L Gy A

3 MDA o OCEB OMENT & DNA BEBEE Y v/ 7 ORFEL

(A) BEMEREH 0% E RO EE % Inagel & BV TAE L, Mk (), 53BPL () ,
Ki67 (#) % Split Channels 7 A VX TEZRNZENDO VI FABICHE L, (B) NE. B
FOKBOZ) 7 r2BRTA2MEMBTXHE 1 Gy BN 6 BFM#%., BEXUXMH 1 Gy BA 24
BRI ICEE A3 S3BPL OMAH =Y 0T+ —H A,

82




%2 MBEAZKO K6TRBROBELZFNFNIZHIGT S 53BP1 7+ —H ADFE

WMBEDOHEE (%)

A BT EH Ki67" Ki67
' 53BP1" 53BP1° 53BP1" 53BPI°

0 Gy 0.0 71.8 0.9 27.3

N 1 Gy, 6h 14.3 23.4 32.5 29.9

1 Gy, 24h 5.9 58.8 2.4 32.9

0 Gy 1.6 19.3 1.6 71.5

PN 1 Gy, 6h 4.8 6.9 37.2 51.1

1 Gy, 24h 0.0 6.2 6.2 87.6
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4 7V IH@EICBIT 5B DNA BIEORERR D
HibEMABEZ ) 7 FoHBAFRICES L, Ml (F). MR (5. DNABEEE X
VoY (FR) THRME LT,
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Evaluation of dose-rate effects on turnover and DNA damage

repair in intestinal stem cells

Kensuke Otsuka

Radiation Safety Research Center, Nuclear Technology Research Laboratory, Central Research Institute
of Electric Power Industry

Keywords: Low-dose; Low-dose-rate; Dose-rate effect; Intestine; Tissue stem cell; DNA damage

Abstract

The risk of cancer induced by low-dose-rate radiation is estimated on the basis of the frequencies
induced by high-dose-rate radiation. However, it is well known that the biological consequences
after irradiation depend on the dose-rate (Dose-rate effects). To estimate the risk of cancer induced
by low-dose-rate or low-dose radiation, it is important to understand the biological mechanisms of
the dose-rate effects on the cell-of-origin of cancer. Recent studies demonstrated that the tissue stem
cells (Lgr5-positive cells) can develop into cancer using Lgr5-dependent linage tracing system.
Using the lineage tracing system, we evaluated the turnover frequency of the intestinal stem cells

after low-dose-rate and high-dose-rate irradiation. We found that high-dose-rate X-rays (100 mGy)
can slightly accelerate the turnover frequency of colonic Lgr5™ stem cells, but showed no statistical
significance. We also found that 1 Gy of low-dose-rate (3 mGy/h) gamma-rays did not induce the
turnover frequency of Lgr5” stem cells. To evaluate whether residual DNA damage can be found in
the irradiated stem cells, we tried to detect DNA damage in the intestinal stem cells in terms of the
accumulation of the DNA repair protein, 53BP1. We could detect the accumulation of the 53BP1
proteins after 1 Gy of X-ray irradiation in the Lgr5" stem cells. These findings are useful for
understanding tissue responses and future assessment for health effects induced by low-dose and

low-dose-rate radiation.
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PR,
BB - RRENHEIIT <10k 5 a0
WA E DS B 5%

HHEE B4
(AR BT < 1T X 2 MHRE IR BT 2 BB G O E

HA—F (KIRAFSIKY: - KEBEERERITER « AMRFHR - BEERAEYT - B3

HREE

BRI BN CABER SN L WO R R, ZoZth b, ERERFRORHEIIIC
LT, BAIRRTIE. ZOBRERERINAFEERSH D, LrLans, EREHRBEROR
FERLA~O B © N SHTVRY, AEEIGRBSHEO—>TH 5, FHEEMIL O HEHBRA~D
BEZBRHTAIREMLTH72HIC, 1) DNA BEREOERE. 2) RASEEEITOWTHRIEL
77, BEAREICLS I VBRERUVESE~— 1 —CDI133 2 X 2 MiEHREZ1T > 2 & T, #1E<
BbERR D> FREN IR 2 DBE L 72, ZOMREZ WS Z & T, 2 BOMEREE, oV IIEEEY
1752 &72<, 2Gy T DNA 5, REERESRIBTIEEL 207, SFEITRMERS (0.5Gy/min)
1T 7278, WEEICHEBRERKEHR 20~200mGy/min) T U 2 #HREHAE~ DO HETHRE

EEXHLNIT D,

)

=3 VoY
THR

k=l

F—U— N RRBHINE, y-H2AX 74— R, Qe fkinE
Tt h® RERT KBRSIAY - KEBRERTIR - AMRERY - HOHREDT - 2

I HZEEm

RSB B DEE AT 2 - DA TH Y, AE, AETICRESND, KEREE
RE2 5T, BHIAEL 2 SOEERBRLE, 1 OIEEER SN BT, REERE
EHAHROER L 2 A FREMDR 55 7 L Th 2, b O —oi%, BRRZSAMBORKEE TS A
SRR OFEETH D, AR BEHERBEREEIEC T, MREMAIC, 1) KEEREER
T B0, 2) REFEERENHET IO, Thd, b ORI, FloritRM
SADEEE (B) HREEYHL N3 L CEERMR LS, S50, KRBT L B RS
MR~ DB, HETRREEE < 1T X B ISR E AR ERIE DS T RB L R 572D, BETOR

FIERE T2 E ORRER - RRALEIRET AR R IRMTE 5 LTSN D,

0 HFEHE

RBRFFST A - HSEHERF RS O+ 5 X AMIBSIERIC T, B6CIFI <7 X (6 @) 1T, ~
2Gy DEBEEIToT, v U ARRHEIEIET1h, ARG B L RRIRIRNE T# & 0 kil z
SEE A EI L7, BRI X EEMRL L2, 6% percol S TEENKICERE., = OAFRIC
Lo TIZY v aHHELE, 512, MRS~ — 7 —CDI133 Bitlahiikz VR o7 1 7k
LI varETol, ZOMRERNT, BEEBHREZEHE L7, DNA BEIZ OV T y-H2AX Z14
Be L, PRI OVWTIT &, 3 BRAEKE 71— & L7z Whole chromosome painting (WCP)
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FISH ###E & L7z,

(fRERE~DBLRE)
EREY OB TNT TR SLRFEERE RS ([ZR->T

r:«

FoRE R

1) PRE RO RRHE

TIE T, wRE R OREEFE I neurosphere FERRHIRR SV BT E 72, Zhud, BN L 7R
BITML AL S0 T (K 1. A), BEERIZEAMELIEELNBLERIZOHTH D, LA L, neurosphere
TERRIIRS VR SRARE T2 R . FRIEHERETIZ 10 RRREORBMAELEL Lz, £D7-8H, DNA &
BRO L& 2 RHOAERRIGERHET 2 2 LA TERD o7, FHC, MROBERTICEENSI=
Y VR & RIS T A7-O(K 1. C), BHR~— 7 —CDI33 ILLARYT 47k L7
VB TERMoTE, INETIC, 09M ¥ a BERLABHIC LD I =) VIRESBE SN TV DA, K&

> P
+>/\ %%iﬁtﬁy) ?‘)%ﬂvv‘i;b),f\ +:o /_’\D %ﬂﬂiﬁﬁ,’j*’ﬁﬂ’?‘éifif o) 5., 6% hercgl IZ L AR F"/—Iﬁﬂuau N

EEHAVWEZ LT, IV VORARKES LM L. B), S5I2, ZOMRIZCDIB3 RUT 47k
L7y arEiTH 28T, BHESEEB-(X 1.D), ZoMiazRVT, y-H2AX O 7 4 —8 A
ZHE L L7z DNA BEFHMEZ1T - 72,

3 ek R ceRe aab s o £ Sk S H&éﬂ(‘@ 1.3 e
FH& FIl-A

B 1. ARk D OFbiE s R ‘
ASKAFRAIR, Bipercol AUERHINE, Co&OaT CD133 B3tEMIAE, D:mlM% CDI133 BiEABlD. PLAIRG
4318, M1:CD133 BptE5rE, M2:CD133 #EbtE s E

2) y-H2AX IZ X % DNA B{E 1l

B4Ry = ZNTHE 5 30 B (TY122 BEMESIES I PRA FES42 v HIAY Hifk b AlexadR8 Q WY 2 IRk A H
DEI}F.U.W/J‘D/JFJ&CA U CLJLDD IR o D00 IBIALIR N [TLlLiys JJurr & £avadvol oa/u & . NI/ U Ji3

WTH SN, 7r—FA FA R —ETHRELZ(E 2. ), BEREERTAICT +— 0 ZTERGHIE
AN LT, F7-. B2 BRDEER T, 2hE TOROLERMEERILE T DNA BENESHER TE 72(X
2. A
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THA Z2a—-hA/dhR

IX] 2. fefRERHRRR O HFHRRI A

FOFHRIRETE . BsERR 5 CDI33 BB Z BN L72 b D% y-H2AX FUA TR L7z, £K : B3
ML, m—H A b A MY —ETHEE, AKX : BEE, 2 BEERE L 028 BMENC LY 7+
— 7 A & HE,

3) WCP FISH 12 & 2 4utafize EtEaHm
13, 3 BREMRE T m—7 L LIz WCPFISH Z1T272(K3), ~ 7 A25HI2 2Gy AT L. 6 Btk
(Y R AR LT, SRIBSIRE(E 3. A) CIIERIED R S v in o Te—75, FRSIRE(X 3. B)
TIE 2240 8% DB TEHENBE SN, ZORGEREF L TEELESZEN TH -1,

[ 3. WCP FISH IZ & 2 Y fAtmshi
BRI | BRAE () & 3FRER () 2R0NT5 2L THiESNT,

IV B2

4], BEEPEZR/IRICTS 72012, T VEREE CDIB3 BRI RT T « TRIRE B2
ST, BHZ I U LI CDI33 Hifk & BN E V20, BER L THREBHROBENMZITS 2
L. BoTHRZELATREENRD S, S0, ZOSBMIREAWT, BEREEOFmEZ I 2o
7. neurosphere ZTERK S ¥ FICHEEE, PEOMIRZFHET 2720, 7r—HA b A—F—IETHEL
7o ZOFET, MRBHRO v-H2AX 7 4 —H AFGRITRERFRIIEM L 720D T,  Z OFHflEE
B THD LYW LTz, 72, GEK D neurosphere FERRIC £ 5 HiETH LM Z 2 BIZEMR T& 72 (7€
Feit 1~2 R, BERLINTINAT B v-H2AX 7+ —H A BIAET 2 2 L b, HEPEBRL 2
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B LIRS R T & 22 BB RN B Y . SREIORRHIBOKIBREMI. ABRPIH R
O DNA BETHRICEE2EkEH-, R LV BIELT 272012, 2 Ktk EEDRVEER )
VERL 53BP1 Hifk 2 AW CRBEICER (T o728, 7 u—H A hA—F —IETIIREBEFENED B
NRhote, Thud. EEHREMEN DTS S L EbiL, #k 2 WhikZ 5213 y-H2AX 2¥5E L
LFEA L FEORRNE NS L Bbh5, £7-. 4B WCPFISH (T X 2 1R MR D= FfiE
ORESZITHREI L7z, 2Gy HiT< %, 6 MRS L 7 iRl c 35\ Cla s EaE N A EIC |
BLTWe, 207 LRIEL L-mRsmic 5\ T, REREE L b 0N bHkR &
RN EEBRRLTWA, ZOMBINMUHIaE AECTE 3072 8, PR COBREZBA S
AT B T LIEARORETH S,

j

\A

4], percol FENELELEE CDI33 FUFERREZMASE S Z & T, BB ORE IR Z 77
BECTx7-, ZOMBAarAWGZ LT, BEREARTICKNFRELIMET 2 Z LAFREE 20T,
LML, Do Ix) VBARRDODLNAZDT, I6RAWENRVLETHL EEDIDS,

Eil

VI REBELIE D FHE

TR 24 SEEEIIEMMIEOMSLICE A BV, REERR, BIZHMR T BREZTWET L L L b,
y## 1.5~20mGy/min 04> BIRRS CAEEHR B 200m~2Gy D 60Coy ##IE < 12 & A BB Z1T 5. E 7.
KEEDRERND, ZERREKEE 2 B I RSN R SN D Z R FRESNTZD T,
Z ORI IER ML EIT S OPENPERIET 5, S biz, #EBEEZ T Re g EmP
THRREIN 2 DM, RESND O Z BN TRIET 5, Z07HI2, MREME L 2 0 R
AR CRE(LTE 2 EETFEBRZ ~ U AREAT 5,

Z OWEICET AHEE TOMRRIR., ¥R
2L,

51 RSk
U
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The accumulation of DNA damage in neural stem cell by low dose

irradiation

Kazunori Shiraishi™', Seiji Kodama™

" Laboratory of Radiation Biology, Department of Biological Science, Graduate School of Science, Osaka

' Prefecture University.
Keywords: neural stem cell, CD133, gamma-H2AX, chromosome aberration

Tissue stem cells have‘ specific roles of maintaining and repairing tissues in living organisms. Because of
the characteristics, DNA damage in stem cells may be accumulated during long-term exposure to low-dose
radiation, though it has not been elucidated yet. In this study, to assess the effects of radiation on the neural
stem cells (NSCs), one of the adult tissue stem cells, we verified the accumulation of DNA damage
response and chromosome aberrations. In order to remove myelin from the samples, we applied a percol
density gradient centrifugation. Also, the cells were concentrated by positive selection using the CD133
stem cell marker. So that the NSC was purified from brain tissue consisting of various differentiated cells.
We estimated DNA damage and chromosome exchange in purified NSCs obtained from irradiated mouse,
with a 2-day culture or without a cell culture. The frequency of gamma-H2AX foci increased in a dose
dependent manner. Chromosome exchange was still detectable in mouse NSCs on 6 weeks after 2Gy

irradiation. The results show that purified NSCs allow estimating genomic damage ex vivo, and

chromosome rearrangements could be retained at least for 6 weeks in mouse central nervous system.
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EREZHRSREEIT < ORREE
—A v F - PEOBEBRBEHBREI HIEROFAERBR P L L LT—

ERE (BEBRERERERZREFERRERAFERAMBRRESHERY: - THEFER)
FRRER] (BLRTRFHIE < B AT R AR B 5 P %) ‘

MREE

AFROBET. WEHEIE ORBOREMEOTHRERZZE L5 2 T, BHRERHIR
OANEHIT I X B - TR ) X7 0130 - BRERL B by (COBRERERLY) W
EMCT AL ThHD, AFETIE, A F - I IMANFHR) TORARERRE, TE
IREA BT OB T EFE T, BABEBA~OATHZ T LV BRZNRALY 27 PR TE
BN LEHRLE, £, AV R FI SN TORETE LN ZAMRERS BADREY T
D OBEFRART Y R 7 R EBEBEOBRENA Y A7 LB L, AIESHIFEHICARIEN &
ZEALMZLE (P=0.011) 5%, FENRAY R ZIZOVTHREORFZIT Y, £, HEHEIZ
BT BABBEITL ORBERFT 20, T FY - brrl EOBREMEIC L DFRBFONE
WIE< . BMOBRIC L ANEHII ORERSBETH S, IDIT, IMFFIZIKHREBHEBEOR
FeEMKRE., ERFIS OFEEZITILERHD LEZ D, HHEMEE THIRRERIX, £
EHOREELRANTOT R+ bur & ZOEEEERAE, AMOBRIT & 2 NEKIE< OF
i, O»OTMELBMS LT,

F—TU—F: BERBERER, AV R 7 IMaNFHRY | hEEREABL, RESZY OR
FItERT Y 27 BEERA

1 HEEB

LR BICRENRALTYL, BERNERD LREPESIIRZ S AHEENSH B, in vito LB
EBRTIE, BBUZY OAVEEL, BHE - BREROIEI NERE  BRERLV NSV
BEMASRENTVAMN, B FTRADZIERITE SN TVARY, KE - BIFOFISBERIIE R
BERTOWHIL Thotoid, BVRBROMFRMIT OBEERETEE 20N, & B RHHKE
Hitig; « Techa IR « BB D 2L b 60 THHERE N8 2 AV Bz EOERRRFOERE
ErfEr LERETHD. ZOFTHA v FOBERKEHRERD ax— MREIX, BA
BEOBEABLNTVAZ L, RESHEELBIIOVWTHESL TV Z &, AEEENE
BRTWAZEREND, HICEETHY V., FF, EENAREEZED S-S, EEHEE
IR & SR REFRKET L. (A8 KEFESRA » R FEOHESE LR TT>TE
A E AR OEROBEEREICH AL TEE, ThETOREHBRICLS L, BARK
SHEHIE R T, KEHROASEIIICE BNAY 2 7 E0BRITAZL . RIZh-> THRRER
TOWTL LY, MEYZV DY RN VRWVETEENE V., LML, ZbOHRETHE
I BBOERMZTIMITFDR O LIIEZ D o7, PRHROFBERENS, A2 F - T E
DB AKEEHIRER TCONTRIT IR CBRTE S L2 20, ZOREZHRETHLEN
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BEY : ABFZE0 BROIZ, NEBIRIZC ORECREBHEOFARIEELBE L5 2 T, KHEEFRK
EBONTHIE L 2BE - FR) A7 0 - BREFLERZLRVN (COBRERLRDN)
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BT 5, AFROKEIT, BEEFEOER T, FIEREROBFHFEII 2XIT 727
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N BF e 5k ,

AR EFIMANF IR TOBRARBERESL Nair 5OHED L SEMEEREL. 2010
EREFTONARBRLATHI T2 RBEHIIREL OBELRFT L2, 72, PEILER
BEBTHUR DO T-RFE S Tao HORE VLV 4 FRIERE L, 202 FETORARRERLT —%
ERAOVT, PARTREABHIESICLI2RBHIIREL OBELZRF L=, Boh®mRE
FIR SRS OB RERSE L i LT,

SHMEE RKRET]) 13, A K I H XY TEFTH—_A 12 LD 8B81E<
BREOFME & NHBEE OREEZIT-o 7=, ABEHEBEFEIL. = be—HiEms LT
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HFETOaF— MR
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WAFETERETFT—FZEZRANT, PARCREAEIE I L2 BEHRIIHEL OBELREL
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ERHET ThH B, BT R, SEEBERET S LB DD, FEHIRE 08 AREBHE
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Health risk associated with exposure to low-dose-rate ionizing
radiation — risk evaluation mainly based on epidemiological studies of
residents in high natural background radiation areas in India and

China

Suminori Akiba"!, Shinji Tokonami

" Department of Epidemiology and Preventive Medicine, Kagoshima University graduate School of Medical
and Dental Sciences. ’

"2 Department of Radiation Physics, Institute of Radiation Emergency Medicine, Hirosaki University

Keywords: high natural background radiation; Karunagapally in Kerala State, India; Yangjiang in

Guandong Province, China; excess relative risk per dose; solid cancer

Abstract

The purpose of this study‘ is to examine whether magnitude of health effects associated with external
exposure to low-dose-rate radiation is different from those related to medium-high dose-rate exposure. In
this Study, we confirmed the absence of excess cancer risk in relation to external exposure to high
background natural radiation among residents in Kafunagapally in Kerala State, India and Yangjiang in
Guandong Province, India. In addition, this study has shown that the Indian estimate of excess relative risk
per gray of cancer excluding leukemia is significantly lower (P=0.0“13) than that of solid cancer among
atomic bomb survivors in Hiroshima and Nagasaki. Similar analyses of non-cancer diseases will be
conducted. It is also necessary to examine the internal exposure of respiratory organs and internal exposure
from ingestion. It is also necessary to evaluate uncertainties involved in estimating doses from external
exposure, and evaluate medical exposure. Shinji Tokonami, the co-investigator of this project started

those surveys involved in dosimetry.
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Abstiract

The purpose of this study is to examine whether magnitude of health effects associated with external
exposure to low-dose-rate radiation is different from those related to medium-high dose-rate exposure. In
collaboration with a principal investigator, Dr. Akiba, we are going to investigate internal and external
exposure to high background natural radiation among residents in Karunagapally in Kerala State, India and
Yangjiang in Guandong Province, India. Regarding internal exposure, it is necessary to estimate inhalation
dose due to radon and thoron. Ingestion dose through food will also be estimated. Regarding external

exposure, we conducted a preliminary car-borne survey in Karunagapally in Kerala State.
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AML DZEJEITHEAD 2 BYAIRDRITIRE T, AHRBR SRR VBB TEL LD LE
Zbh5, Bz, (1) AROREERE N ERR X OWMBMRRPICHESRREE 1~4 7 A OR
ATBEISN TSI L, (2) BEE 4FEHOKRARTHERERTICERORERFEL TV
I ERFBT b B D),

2 SEOFEM L LTRSS 2 BReKORIHEEZELSES LV HOT
H5, TE, BAHRSREHAEEREHET 2 2 LARE SNz, TRBHRBR 22T
WRD S ) ABRFARERL., TOFHRARICREERELEAEENRELDLLEVOIRRETHD
1618 | Rithidech 513~ 7 A2 X & BEE, BEREICER L CRBMIRP O 2 BLAKRE 2R
NTFER. BEE 9 - AL BV TIIRIBERAEO IR L 2EEOHEER 23, AML DFEAE
DBR LN BB 2D L THRIES DR ENREL RoTo LHRELTWS P, Bouffler 53T o 7%
BRTH, BREE 1EUEROL 2B RAKOTRIESORROENENE RoTe Z L ZHRELT
W3 O b ORI, MEESEMROHIICY ) AORZELESIEZREI L. AML DR
Re225 2 BROEOREAEE ZRBENICBI SR LTVWDREMEZEKL TW5, LaL,
BEEAICBEWT, LR LOFREICL > Tv T A AML IKARPEEBERRERLL 200K
FE LR TV,

T Sfpil BEFOEAERERIZONVTIRE 2725 9 7> ?Ban b IIHURHRBS % D&M R O
RaBNERICEE§ AT 21T/ > 72, T OMER. RRVEMAMBOERFEE,r AR->THEEL
BRI EERALNI LI, EIT. FOTF —FIZESWTEEET T VI L AT % EiE L7 R.
FREHBEOEIEINEN D DIIRBMERORIENBLINE D THY , Sl (HSC) @
SENEMIZEMIC Do T ERTAZ L NFRRENE P, HREEREED L5 Z LidElk
PEES AR Z 2 b5 P, MIRITE(T LI har FY T OREBREERET T2
ZERELNTWA MY, 2O DHIKNICEREERE (ROS:-0,, OH%) BNEREIN D, HE
Be# 13 DNA ICHBREXEARF OB R TEFO—2oTH S Z L7 b, MIBOELH Shil &
FICARERERZBITOTIRHRVNEEZLND, LA LEEERITITAEA I TV,
IO XD ITHERS BRI T < BRI HRE R AL S D L THAMED T BB R %
{RHE S8 TV 5 ATREMEIZ AML ITFR 53, FRRBRAS AR ) > S IBE THE 2 b T\ 5 *,
X o THEHRIC L 2 IR 2 SEANICMRIT T2 Z L AR E - BRERL B LT BEBROFR
BAY R EBEREL, IENEEZ TICLZ) A7 OLKHEELE2 S ETHEICEETH D,
F 2 CARMIE TIHERE - ERERGSRICE 2MRBIROE(LE VAT vT 4y 7 b Ea—L
ERFHELZADETHLMNITAZILEZENE LT, AEEIT (1) ZhETEBINTE M
L~V OFIINENRE (FERRSE. AEARIEE. Mlasrie. BR) CET2FNREDVAT T 1 v
ZUuEa—, (2) BiHE2LFRHE LIc< Y 20EMEAICIIT 5 DNA BERORER
ISEMR B X OVEMREREA B ORMNELOBRN 2 Z N ENTR o7z,

1. B
II-I MifaEhRe(C A4 A (kL B = —

PubMed 12 1 1 . MIIABHE. (v, EMEEE. DNARME. BEKEY . BALR, AMLZ%—
U R LTXBRER -T2, 7 LT, MRBIEOEIC L 34T BOBE LR LT,
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-1 et % 28 B L7z~ 7 2 0k RMR I35 1T 5 DNA BERORERIGEER
<TTTA>

SEEOMED C3H/HeNIcl = 7 2% BAZ L7 bEEAL, BE, BE., ENRHA RERIL
O EATHEIT A J LV TEBRENEZHEEF THE L. vV A X 12 BT OMF 7 — VAL,
B (BAZ V7HICE2) LAkZBRICERIEZ,
<X HRD RG>

XABRENT X B HF320 (B A2 T 1) 2R LE, ~ U A& HBHEE (0Gy). 1Gy RE
B, 3Gy BERED 3 BT T, BREE O~ 7 RICEEBE 200kV, EEI 18mA, 7 4 LT —IT
0.5mm EDOFHEE 0.5mmED T LI =7 AR EH A L, 0.47mGy/min DR EET X #4255
L7, '
< BasySep Mouse PE Selection Kit {Z & % x& fiL e 276 B BEARAR O 57 B >

K57 hFzr A—RNTe Y RCT—T VERERE DT, FHEREICEVER L, £O®%. W
IO KBRS ZEIW L. 630 3 % — LT PBS with 2% FBS RIZIR L7z, KERE Ol %4 mm
Gl L. 23G OEHEHE T2 Iml D> Y P ERAWVTHEMA S 1ml §2, §F 2ml @ PBS with 2%
FBS YA & KERBPICEN LK FEA L, 10ml OFELEF = —7 I FHEMAREH PBS with 2% FBS
VIR B VERR U 7-, ARFZE TI B BEMia T o & MR O EF B2 &) 5 7o ®IZ, EasySep Mouse PE
SelectionKit (VERITAS) %A\ \zREKMlaDBELZIT-7, £7. BHEMILES PBS with 2% FBS
WikE. BV A ML AF— (BD Falcon) ZAWVWTIRBL, ZO% 10mlELEF = —TIZAN,
1400rpm T 10 R L7z, @#%, EESKREH T, 200ul © PBS with 2% FBS #HRZ AdL,
LB UT-, %, 2ul © FeR blocking antibody (VERITAS) # AL, K<L, £DH#,
1ul @ PE-conjugated antibody (VERITAS) #Aii, K<#H#ERL 15 & L7z, #HER. 10n O
PE-selection cocktail (VERITAS) # A#l, L<HEHL 15 5FFE L7, £OHK, 10ul © Magnetic
nanoparticles (VERITAS) # AiL, L<#HHL 10 5FFE L7-. #EXK. 2.5ml O PBS with 2% FBS
WA AN, SSBERLERICY 72y NAFa—TIC2BEA LR, 20%, v 7 Xy VAT
a—TEkwZFy Mty hL, 5§ HEHE L, #ER, Fa—T&2~v7xy MZEy bLE
FEORET, FBRAPET EBARER T, ~7 Xy b bFa—T7 2RV L, 2.5ml O PBS
with 2% FBS K # A, L<EHRLEZHZ, 1omBELEF = —7 I AN, 1400rpm T 5 53 fEiE L
L7z, mlvg., FBLIEEE T, 2ml @ PBS IR E AN, K<L, b 0BELIT 2
B (VM s I OMIaIE Y o Ry B) Do s aEEY BB EH PBS

a

& T, EPCR(H)#
R EAFRR L T2,
<BERAEREROEIC L AFRMEM Y RO B X OEROER >

K57 hFx =N TI TR CE—T VBT, BERRICKVER L, Z0®, ~
RY () BARY EL00, TRUT 4 AT 7 —~v—HRAR)REOERBEHEA L, DR
MiZE v, MY o EREHOMRERI LT, Bl Lz, Splo~) o RgfF Lk
1.5mlF 2 — 7 OFIZAN, K<BRLEZ, 20%, ~) VEFOMKEZPBSHKREFAE (1:1
DER) iDL ICME, XBEH L, BEE, 2midficoll-Paquel (Pharmacia Biotech) %
10mIDBELEF 2 — T IC AL, F D LA Bficoll-Paqueii DHERE & EL & 72 K D ITIHEIZPBSIR
AOmMKEEB ST, BE%. 400rcf TIORMEL Lz, BLE, UV BROBOAE~Y A7
oty FCEIL L., 10mlOELEF 2 — 7T, 6mOPBSIEK & IRA &, 100ref T1057fiiE
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D L7z, B, EERREE T, 2mlOPBSEREZ AfL, 100rcf TI05MEL Lz, £0O%, L
BARIKEZET, 500 4 IOPBSTER Z ANIEBHR L, 4% /3T 7 4 VAT AT & K500 u 128NV
B L, 20 MRFE L7z, BEH. 300rcf TSmO L. EBARAKEIE T, PBSEKZ500 4 LA
NEBHL, BE300rcf TSOMEDL Lz, ZOEEZ2ERRDIE L2, 500 u |OPBSEEHK 2N
ZTELBRL, 50 a— 2RI RHTR (wVF) 2y bLEFz A A—RNIZEEE
ALTz, ZOF 2o N"—%F— R RAAT7 (7 7R#) 1y ML, 800rpm TS EE LT 52
LIZkD, AT A FHATALITKMEMY S BREBH LTz, BOE, AT FTF7 2227 )
Tx —ANT0% =¥ —VEIRIZE L, MREEE LT,
<V UE{LATMSE SO >

DNAIZ “EHEOWNAE LD & OIMERALIZ ) VEML LT ATMAEE L, 7 4 — W XA &2 BT D,
IDTA—HAL, AHUET BT ERAEETH D720, DNAZEHEMWIOBEREL 25, £I T,
AR TII53BP1 7 4 —H A% FRROFIETHR{L L., DNAZEHUIM 2B LT,
BELEMEREHINTVAERATAL RTTRADSENLRSREIRERE M- 7%, 02% F 7.
A M UX/PBSIERICIE L, 200§ E LTz, #EHR, A7 FTTRAEZWMOVHL, A4 KA
ZD5HEL, ROXERERVE -T2, £ D%, 100 1 10—KRHFUAEEIR (Anti-ATM protein kinase
Rabbit-Poly, (RCK) : 3%/BSA/TBSEEE=02x1:998,1) ZMkEm L@ TL, NF7 74 VAT
HALZHE., 37COEBBERE., 5%C0,{ > FaX—F—NT1REEE Lz, —RIEQEE,
a7 Y Py —RRPICPBSIER EMT L. AT A N7 A&2E0 4 L, k. R74 FU7
ZADSEHENE . BRORERERWE-S 721, 100 1 10 _RILATETE (Alexa Fluor 546 goat anti-rabbit
IgG (H+L) , (Life Technologies) : 3%/BSA/TBSIEK=02u1:99.8 1) ZAfamE LITH T L. /3
57 4 VA TEALZE, 37COEBERE, 5%C021 ¥ 2_X—F¥ —NTLSEHEE L, 5§
E#%, 7Y P —HRNICPBSIRIRZRZ L. AT7A4 U T 2 %&5EEE LTz, RiEE. 274
KA S ZDEHNE  RSBREIKRERNE - 7214, #iRE 1210 2 10DAPI T counterstain (Vysis)
ZH T L. 22x2mmDH A —HF A TEA LT,
<V VBRALATM Y % — 5 A DBLE >

Y VBMEATMZ #—HF A%, DSH AT 3w hue—a2=y hDS-U2 (Nikon) % %&fif L7zt
FAMEEDS-Ril (Nikon) ZHAWVWTEE L, B RKMEMY > SSROMREE L, FROHENLR
ELTBY ., U UBEATM Y +—H R IFRBORKIZR 2 5, IO~ Y RAHTH, RiFM Y >~
CERROATA REBREMIRORT A RERER L, 120254 FHbL50EEL EDORMIM D /3
R T OVEBEMIAZEE L., MAEH-0 OV VBILATMY +— 0 2 EEH LT,

-1 SRR A L7z~ o 2 O RN IZ 36 AIGTEER R E A B ORI AL

BT T A, XBOBHSM, BHAROEBED FIET, REFETLERALCTH LD
BT B, '
<MitoSOX Red (invitrogen) I2& 25X k= K'Y 7N-0, DRIE >

MBEANDOI = FY 7IIBELZRD AS RS2 EICNBERT RV — 2 AR LTV D,
EMBMBIZFOBENE LTEEASNAZEBFALNTWS, TDH, I ha FYTAHO,
BHRAEEHAETH S MitoSOX Red (invitrogen) ZHAWVTI b= R 7 TEAINLD -0, DA
EEIT- 7z,

1.5ml F = — 7' P9 T PBS ¥ 1ml HiZ 1.0 X 10° A Ol & AdL7= 7. 6000rpm T 30 iz L L7z,
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EME. EEBRKREE T, luM IZFIR L 72 MitoSOX Red (invitrogen) % ImlEA L. HE#k L7244,
37.0C. 5%CO,A{ ¥ 2~_X—& —PT 30 /#FE L7z, #iE%. 6000rpm T30 HELL, EER
W& ¥eC, PBSIAIR 400ul ZVEA L, H#ER L7, B#E. 6000rpm T 1 LU, RERREH
C. PBS Iml #EA LB L= 0%, FEkE 510nm, R 580nm Ot OLER % M
WTHIE LT,

<APF (BEKAT 4 HN) 2 X5 HMIAE-OH ORIE >

REHRITRAR DA S TR EEES W H L OH 2 RASE DL BALZH E OHBHFURA L.
KASTFIZRED ETHBEITAE UR2VR, FUDMIEFIEES LT VEEEZFF > TWD 72D,
MOHTF LFEE LIBE, BALEATOMWERZEX TLED AR EZOND, ZDOTD,
OHRBRHBARERETHSD APF FEAKAT 4 V) 2RV, MIREN CTEA X% -OH DRIE
AT~ 7,

1.5ml 5F = — 7' P9 C PBS %K 1ml F11Z 1.0 X 10° @OMARZ A 7=t%. 6000rpm T 30 FhiE L L7,
D, EERREET, SAMICAR LI APF (BUKAT 4 #1V) % ImlIEAL, $iHF L&,
0C, 5%C0, A ¥ Fa~—F—NT30NHBE L, HEHZ. 6000rpm TI0HELL, LES
TR & T, PBS IR 400ul ZIEA L, B L7, BEH#%. 6000rpm T 1 5EL L, EEZEREZE
<. PBSYAIK Iml #7EA LBEB L2 0%, BIEEE 490nm, #AER 515nm O s ER
AW THIE L7,

{9

1. FFERE R

[I-1. AR ENREICBE 4 2 Tk L B = —

PubMed 75 HfAEIEE, &1k, (E1EEESE. DNABE, REARE, BRER AMLZX—U—
R LTI06 DT ¥ O%INE LT, 2005, T, HSC OELORKICET 5 X%
7, AR ER Y LTI 2012 460 Florian b OMENRET o5 Y, oIEM~Ty A LE
s~ A D HSC % FNFiho~ 7 2R L T B L7= HSC B3RO MEKE D FIE 2T~ 7,
ZOFR. i~ 7 20 HSC HROMEMIMOEANELIMEF LTI Z LERE LT, 20
WEIEE~ 7 20 HSCIIAMET AAMET L TNE Z EERLTWAD, £/, 1999 T de
Haan 513~ 7 2 ORFEICEITH D0 EE~ 7 2 TiX HSC OFEBBPTH L0 H|EZLTVD
0 s bOWELZE LD LER~ T ADHSC, DF ¥ E(L L7z HSC L, 2RI L r{boRE
HPETF LTS Z LRS- Tz,

RIZELD A B =X BIZBET 2 AR T, BEOA =X LB L Tk P OIEFEMES
WA AWEERTEICTHARLNTWS, RENZRERE LTI 2004 40 Olga b D#EENZET
b3 P, 5 IMBEOMNRE L ZBLOBRER 2, TOME. MIEORRE 25 28X D
LR OIEED—>TH B SA-f-gal ZFREL TV HHMIAOEIE A RBITHEM Ui, MR
B3 30 TIE 60%. REAES 32 TIX 100%I272 5 = & 2855 L7z, 2006 4E0 Wang b O#E HE
Th 5 0 I ET6.5Gy Dy BE~ Y ADRLIZRE L HSC ORI E T/,
ZORER. KSR 3 A BLIRIZ HSC O 27 MNE Lisd, 60 A B % THIN LT
3oL REE LT, RITH B HSC DA 2T TV BB (RS 14 R A) Tple™ (
JaE{LO~—H—) ZERBEL TV HSC DEIEZR -, TOME. ERFH LKL THEIC
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164 %3 LTV 5 HSC DEESBEMLTWAZ LBE L, ThbDHREZ L LD D L&
HIRAD DB EALDIREIZ D72 > TND Z E R ho T,

WIZHAIZ X DA 5 30 E A7z, 2010 ££1Z Wang 51X 6.5Gy O v # % 25 R4t
L7z~ 7 A® HSCIZHI} 5 ROS BEDOREHE(L 2T~ ZORER. ROS NIERFREL LB L
TRHE% 14 BB T340 256, 28 BETITR 1565, 56 BETITN LSEMLTWB Z L&)
L7, BETE 14 B B ple™ @ 2 RE LT\ HSC DAL TWE D e, #
{f L7z HSC HiZ ROS DEBPE L TWAB Z L3 o>o 72, ROS iX DNA ICEEXFIEEZ TR
FHREFTH S, TIEELL7ZHSCIZIIDNABRENEL TWBEDES I ? b M OEFEKGHE
HHRE AW ERTH 57 Olga HIT#k{tE L DNA BEOEREZAITVE, ZOFKERE, #R
OB DNA BB (v H2AX 21518) AEEEEIITEML TV 2 L 2 @E LT

%D, ¥£7. Wang 513 6.5Gy # 2 RE L=~ 7 2D HSC 23317 % DNA 1853 (v -H2AX 7
+— 0 A HEE) ORBFHELETAR TS, ZOFER, BE% 14 B B TIIHERER L &L
T HSC —{@¥ 7=V @ DNA BEEIF 25 fFHEML TV E Z L 2HELTWE Y, &5z, 2011
2 Ritbe 51 3H AL HSC #ERI L, it & DNA RS (v -H2AX 7 4 — 7 A% 161R)
OBFEEZRANTVD, ZORE, FIHIEEFEL THSCIZ DNABEHNERB L TWHZ L2y
LTW5 ¥, DNABEUATH B LRI~ REERAE L TV AR Z EXH|EIN TV,
2011 4EiC Okazaki 5% 8 BE D~ 7 212 3Gy 228 B U RMARIZRIT 2 11 BREKOERE
DOEE ORFOELETAI TN D, ZOFR, 11 Btk DEREOEIAE 10 @i TiIAY 6%, 30
TR T 3% & 30 @ E TILEER IR U TRAEMZ R LTV 2, 70 BEpiZ 2 5 & 10%%
THMT 22 L 28E Lz, £/, HOIXERFARTH 108E TITHY 0% Th > 7223, 70 B IZ
BBE 1%ITRB L BIE LTV Y, 2012 FiC Xu bid~ 7 2 OF# & AR BT 52
REBROBREFRITND, ZORR, FlIEF L TRAEROBEBENEML TN Z L
ERELTWSE P, ZhboZ E»bifanEls ROS DEEEA L, DNAICEEGEEFI &R
T2 L TRERRELERERICORN D AR ST, ‘

II-IL SR 2 £ FRE Lz~ 7 2 0E RMRIZIS T 5 DNA BIERORERIGEFE
XBREEHFRF Lz~ v 2OFHMARS JUKRMEM ) 3Kk 5 U U BEATM Y +— 7 A
BOBRERGERZRN AT, KXY RKEMY > ERIZB T2 ME1EHZY 0V »EE{LATM
7 — 7 R, FEFRAEETILO10ME, 0.5GyFRSTEE CITRI20ME, 1GyRHEETITH023.7M8. 2Gy
PRI TI3K032.8M8, 3GYREFE TITHSME L 22 o7, ZHUCK L TR T, FERHEBETIX
#4408, 0.5GyREEE TITHSME, 1GyREEE T3N3, 2GyRFEE CIT15. /8, 3GyRHFH T
IEKI12.5M8 & 72 o7z, FRAEMY o8Bk & BT 5 &£ 0.5Gy Tl :i-f’Jl/M"‘ 1Gy TI3f1/2.56%, 2GyT

K125, 3Gy TIIMI/SE L D Z &R nhoTz,

TI-TIL SRR L7z~ 7 2 O ¥E M R MARIZ 31T B IEMEERE A B ORKRIIZE(L
<HHBRIZE DI b R TR0, EEDERHNENL>

212 MitoSOX DRI EBEORRNEERT, K2 LV, BEE 1 B B O MitoSOX DOfEI
JERBIRE L LB LT IGy BBEBETIIA 1.5 1%, 3Gy BERETIIR 3FEML T2 Z L0830 ho
77 F D, MitoSOX DEITEAMEM Z/R L, BET% 20 B B3, MBHEE bICIERFFL
ERRONRL Rotz, LivL, BEHE 400 ABRRBT S L, v~V AOMEEMTIEL2ERH 2
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LD, 1Gy BHEREETIZIN 1315, 3Gy BEHTIIN LS FRMLTWD Z &R0 -27,
< HEHRRIZ X B MRRE N-OH EEA D REINZE L > _ ‘
X 3 |12 APF OJEEORIFHE RS, 3 L0, MIRENO-OH X 1Gy BE#E LU 3Gy
FREIEE & b ICRETE 30 B CHRBHB L ENRR NP o7z, LavL, B 400 B 2L E2#8
T2 L= 2OAGETIEL2EMH S OO, 1Gy REEETIIHN 1.4 5. 3Gy REE TITH 1.7

EHEMLTWDZ EBah o7,

V. B2

V-1 #RIBIREIC RIS 5 30k L B2 — ,

HSC REALT 2 DOMWENT ZHESL L OPFEE L > Tlam SN TE 2, GF, w7 A
D HSC ISR - LT AREANZELETT A2 P b BliiEE 2L B2 N5, TR
FELDBEXEDE 555 20Iga bkt MEERMEFMRE AV T, MROKREIEKFLT
SA- B -gal (RELE(L.ORHE) 2B LTV B HMBAENT 5 2 2 8EL TS ), £, Wang
5k~ A % V- EBRTHSC OB ORI & FEIT pl6= e (M E(LOFEIE) 2 FB L TV 5 HSC
DES LML TL B E2WME LTS Y, HSC DAY 2 L\ 5 Z L3 HSC Offasy
BIDEMMN ER->TNAZ L EBHKRLTVWEDT, HSC bfilanRic K-> TEBMEESND &
E2 b, TIREMIEX D LEMFHCLEDL S REEREL DDA S 5 2 MRS RT
BB R X—RBOBIES & L TIEERERE (ROS: -0,, OH%E) Z AT 5, Z? ROS i3 DNA
CHEELZEFRITRFTHARBEILI b= R T IXibo B biBlIc KV BRESh D,
LA L. BELMIaTit 2 OFBLESMET T3 Z e Ambn T3 ¥, iz Wang bi13#E
{LIRABIZ 3 % HSC ® ROS BAERHEE L st L TR 2 ML TV A Z 2 HELTWS 2,
I o> THE{L LI HSCIZIZ ROS DERBMNAEL B Z N oTz, £z, HHIZROS DEREVADL
ATV 5 HSC 12 DNA BB IEBHBEOR 2.5 fHEMLTVNE Z L bMEL TS 2, #kL
7 MR DNA JBEXA 2 B L\ 5 #4513, Ribe 5 DEREIZREH A D HSC & AV 72 ER >
%, Olga HDOE FOEFHHEIFMIAE AV ER P THRALNA TS, £/, DNABBLUINT
L v 2O L IC R aE R VRPBEFERAERPODRABFEMEA T2 Z L bRES
nTW5, o7, #k ROS DEREZAEL., ZhREKE 2> T DNABRGEZFIEEI LT,
BEEREOCBETERERYERT AR H L Z Lo oT,

ek, RO ECITAEFCVLELEESCT XX —RBOMNEIMET L= 2 880 55k
L. E0HRIARBHEREL OV ZDOHEATHD LB TEX R, SEOXEV Ea—
12 ko T HREHRMS AL B RAE S B AR E LS DNA ICHEZ SIS LA AALIZDRR D
AREMEN B D Z LB o7z, ;

PEDOTEL Ea—ic kb, EHES oS5 R LMRICE(REFIERITZ
L8 AML IZB2 5 2 BYAEO R EREER Sipil BET0-EARERLFI SRS AIELELSS
Z bz,

IV-IL Bl 2 £ B R L~ 7 20X n FHMIIZR T 5 DNA BESRORERISEEIR
X% 45 BE L 7-C3H/HeNIcl~ 7 2 OB MM L ORI U >/ 3BRIZ 81T 2DNABE D
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BMEBRISBERE V) VBBLATM Y + — D A Z BB L L TN, ZO/BR, BFlMRICAELEY &~
FRLATM 7 o — 4 AEUIHRAEM Y o <ERE LB 2 & 0.5Gy TIdAI/AME, 1Gy TIXAI1/2.50%,
2Gy TIEIL26E, 3Gy TIERI/SEEIC2 B Z LRy hote, Z ORSRIT. BEEMMIZREMm Y >3
BRE D L HORESMAMEN 2 L 3o T, TR EBEMAI TSRS L TREMESED
DEAH D H 2 XIARAN O 0% BEE L CHB X UOHE AR T2 Z & BMbh TS, T
BOTZIVAMIERSNTHEREE LT LEXTHOICRESIZITES, DNALFEALTLES &
HENEDL>TLEVDNABBIZR MRS 5, ZORGUIMEDR L VO XRITK 24D
BEELZBXBEITAI=ALTHD, LML, ZOFRIIMROBIHINTWAIRRIZE>TESR
ENB, 20%&E0.1%DEEERE TENFNEE LIZCHOMIE(F ¥ £ =— A A2 ¥ —OIRHk)
CERWT, 6.5GYDXBBHEOAEGREZ LB LZHERH D, TOMKR, 20% THE L-Hlao
FRNEFERS0CBDTE 2 e RRESNL TS, 20X 5 RBEKIIMIIER T TR Rafk
BRESCEARERTHLRALNTEY, —BOCEBRRRE T TR L 58 L7 5 2SS ERH
2725, TRATBEREICL > TXROBEUNEDLLOES 52 ? GBRIREL L XK
WL THIBMICA U HPBRES T EHRALTLE ), 7 —il/i2 o 7. OHE N
%, L2 L, EMBRES & OHIZTHE AT HMENEZ 5720 7 ) —OIEWRER OB
T35, 2F V., KEBREREOFNEMEEEE L DNAYFKEA L TDNABRBIZ 2 RN/ BB L
WHZETHD, ZHUC XY EEEE T CIIEHRICERMEIC 2 5, KREREWNIZ0.1~1%. MEWNIT
T%OBRRFRETHD ZERRESRTHEY, XoT, BHMRIRELY >3 5RK D bHE

BRI L ADNABEEN DR RoTe D255 EEZ BT,

IV-IIL fRER RS Lz~ ¥ 2 O IR A 31T A IR R E A B ORRFIZEL

BB AR L7z~ AOFHMRICEIT 50,8 X U0OH EAEORFFIE % EERAVICHE
2217, £7. MitoSOX Red ZAVTI har FUITHD-O, DEEBEIE L., ZTOKR, BH
% 1 BHTO-Oy DEARIIIERAREL B LT 1Gy FREEETIZN 1.5 £, 3Gy BEBETIZN 3
oMLz, ZORIIED LT, BEE 20 BIZIIWREREE QIEMFRF L ENHL LR
f2otz, LAL, 400 BAEREBT A L, v~V AEGKMTEL A H 260D, 1Gy BEEF T
#1315, 3Gy BEEETITN 158Uz, 2 b=ar N TIZMRBOFBRENCLER ATP 28R
KMo THERT D, TOBE, BIEDE LTOMNEELEIND, THE TONETHRNSHY
IZAB &0, DL URHRL T TVE, G BICHITT L I hay R TRFo TV 55k
(EREDSTEMEAL LT 0138 2 10D LTV Z e RFEINTHE O, XoT, AFETR LN
TR AR 20 B B £ TR N2 0, OBMIE, BEHHRBHIZ X > TT A M= ARE & 7ol
RO ZM D =01, BSOS mEMEIES B A > TR TIRRVWNEEZ
bha, LT, +OREOMEBHZ D LHR2ICHEI»D GoIITBITL TWnE, RETE 20
HTIXE L A EOEMEMIN GoHIZ2D T & T, -0y DL ULNIERFE L RRIZRDDIZA
5LEZ LN, ZTOEZEZRBRTHFERE LT, KRB E OEMBMROMRERED £k
aIl—va VEETHARZER, B 222 EnNBMRIIRNEREN O SREBAICALE
AREMT B LV5 ZERREEN TS P, TIREBHLTHMS 400 BUBRICHEUR ONZ-0,
DI E S EBEZNITNNDFEA S, ZNETOMET, MEPELTEIEI N2 FITO
MBRLREAMET L, Ml IcEMBRERENER T L) ZEARESNTVD, FIZIE, B
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An emerging picture of radiation cancer risk at low doses and dose rates brought

by systematic review and experimental analysis on cell turnover

Michiaki Kai*!, Mitsuaki Ojima*!, Atsuhisa Hirouch®2

Nobuhiko Ban*3, Shizue Izumi*™

Oita University of Nursing and Health Sciences
Institute for Environmental Sciences
Tokyo Healthcare University

Department of Computer Science and Intelligent Systems, Oita University
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Abstract

Radiation cancer risk is of much concern after the Fukushima accident. Current
radiation cancer risk is estimated based on the LNT model. The latest
epidemiological studies at low dose support the LNT model. The gap between
biology and epidemiology is increasing with increasing cellular mechanistic
understanding. This study conducts a systematic review and preliminary
experiment in mice in order to analyze the role of cell turnover in carcinogenesis.
In particular, we examined the change over time of DNA damages and active
oxygen species in hematopoietic stem cells (HSC) of total-body irradiated C3H/He
Ndcl mice. The preliminary results suggested promotion of aging in HSC due to
cell division, ROS accumulation in aged HSC and induction of chromosome
aberration by ageing. We therefore propose a model for murine acute myeloid
leukemogenesis. Radiation causes cell death of peripheral lymphocyte that leads
increase in active oxygen species. The incidence of radiation-induced acute
myeloid leukemia (AML) in some strains of mice increases with doses up to 3 Gy.
This may be related with the genetic changes such as a deletion of chromosome 2
and mutation of the Sfpil gene on the retained homologue. To predict the
incidence rate in low doses and dose rates, we will conduct an in-vivo experiment
investigating some indicators of HSC ageing following cell turnover, and construct

a model for murine acute myeloid leukaemogenesis.
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The analysis of the effects of low-dose irradiation on dynamics of blood cells
Ryuji Okazaki

Department of Radiation Biology and Health, University of Occupational and

Environmental Health, Japan

Keywords: low-dose irradiation, dynamics of blood cells, metabolome, Data of medical

examination in Tokyo electric power company

Abstract

The purpose of this study is to evaluate the effects of low-dose irradiation, C57BL/N
mice were irradiated a whole-body dose of 0Gy, 10mGy, 100mGy and 1Gy gamma rays
at 8 weeks of age. These mice were sacrificed at 2 days after irradiation. The cytometry
and the metabolome were analyzed. Leucocytes, erythrocytes and hemoglobin were
significantly decreased in the 1Gy irradiated mice group compared to the other groups.
Almost all metabolome in bone marrow cells were significantly increased in the 10mGy
irradiated mice group compared to the other groups. Hippuric acid increased in
dose-dependently. We suggest to show the scientific data of the effects of low-dose
irradiation and the biomarker of low-dose irradiation.

Data of medical examination in Tokyo electric power company have not been opened.
We will try to negotiate to see the data of their exposed dose and medical examination

with them next year.
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Abstract

Cardiovascular disease has been considered as a major health-risk factor after radiation exposure such
as A-bomb survivors. Recently, the association of radiation dose with cardiovascuiar disease mortality in
the life span study cohort of 86,000 A-bomb survivors with estimated doses was reported. Although
chronically produced reactive oxygen species and inflammation are thought to be a pathogenic mediator of
atherosclerosis, the mechanism has been unclear. Here, for better understanding the molecular mechanisms
underlying the inflammatory reaction frequently encountered in vascular system post exposure to ionizing
radiation, we carried out global scale microarray and computational gene expression analyses in human
umbilical endothelial cells (HUVEC). Global scale microarray gene expression analysis of irradiated
HUVEC (2 Gy) identified 1,128 genes that were up- or down-regulated by a factor 1.8 or greater at 6, 12,
or 24 hr after irradiation. Hierarchical cluster analysis of the differentially expressed genes identified four
clusters. The analysis of bio-informatics using ingenuity pathway analysis tools revealed that the
down-regulated genes in cluster I were associated with cell cycle regulation whereas the up-regulated
genes in cluster IV were associated with inflammatory responses. The analysis also identified a gene
network containing interferon response factor 7 (IRF7) and its transcriptional target interferon-induced
transcripts (IFITs) and Mx1, which have been known to be associated with inflammation in endothelial
cells. The up-regulated genes and the gene network identified here may explain the inflammatory response
induced by X-irradiation. These findings uncover some of the molecular basis of the mechanisms of the

inflammatory disorder in response to X-irradiation in human umbilical vein endothelial cells.
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SHRICE BRI har R THEEERTE I F 32 R Y 7 DNA EEBIBORAEZ ATV, FF
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FHIEEMO LR LI N FITEEZEI D, EFEOIMa R FASRBRIZL - TR
ECWAERTRENI ERNHELMNE R, 72, I har KU 70 DNA OEEEEREIC
ISHIIBORED APE1 283 by RY TIFFELRVWI L L I bay FUTIZIMAO AP =/ F
X7 VT—CER Ao LRSI E DD, APEL UAADAPEY KX LT —ERHE
THZENALMNE ST,
F—U—F: I bar Y7, EEEE ROS), 7R M-V R, I har FYT7DNABRBE
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AR HRERIC L A DR EREECTEE R L OEPARBIIEBTIAN=ALELT
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RS2 D ONCFIIC L AR P LR E TR b=V ABERERERNA RZ o F—RE
OEEZH LTS, FOEDICI Fary RY TEFREVAT AEELYEZ, RELT
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FOMBERE ORI & 2 ALFH, DFAEMFHFECI VAN T2, S LICRHRICES
FAIEMBERBIER FLRLERDTE M=V R, RERERAS ZF o F—HRICEET 50
REIREICT B, AT oy R TAREREL B ST L, ROS ERMF, TRV R L
OEEEZH LN T B I L IEH - R RARSRIEDAREOREEMHAT L L 2B LT 5,
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1) IharRITE, BER2OTITEEEIZOWT,
MEEITZEZOHBEOKREIERZITV., XBREBHEEZIZI ba v M) TEELZFHT 5. 2
Far RYT7EIFI b N 7EBEELARICL S 72— b A MY —& COX2, ND2,
CytC, CoxIl ®° CoxVII 72 ¥ OB ENEL TOMRNADHEEL ) 7 V4 A L PCRIETE
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2) X b= KU 7 DNA EEHEORFH ,
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HBLEZOLNTERTWS, I bz FU 7 DNA OEE CIHEGTFOBEEREERE (BER)
DEELRRBZELTWHEEDLNTWVWAR, TOBREIZMNEATHS AP endonuclease (APE)
DI Iy RY TIRBITBEEIZHL D25 TR, Z 2 THIEE DR 24 F£E T~ T 2
O SI hay R 72 ALFRICHBEL, BEREEZHEE L, APE OI Far FIT70fF
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I HFFEfE R
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HFTH5 PGCla i 24 B THBICRBABMEZR Z L, 72 B TIIEA O 4 FICE THREEN
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¥ ATM B 7 F N E RN A EERX T — BB 272 F Vo RXIETHH 2 EDHH
NTW5, - TEFOFF—PREUEIRETHA A EX—TH5H Ku60019 &RV THF L7z,
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i3, S Far RY 7AE (crudemito) ICRBNDT 7 FLROBTT Y X7 LT —8L

= ~ > -
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gixhi, . M OFFETFTCRIGERED L 7-3dRP RAA DAV FLi2b | ZNEEET
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v EZ
P REHERHEICIVELOMIETI Far Y 7TOBENENT 2HEENVBEIN, EF
23V NIH3T3 #IJA T [ABEORME N BEZ sz, £, ZOENMRRIEFEOI b= FI7T
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RV TE N7 BOERRICIZIEES LW Z ERALME o7, 5%, BRIZOWNT
AL —F -GS L ZRRERIC L ABER ATV, fission & fusion DFEREEZ L., I b
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Abstract

The reactive oxygen species (ROS) derived from mitochondria in the cells exposed to X-rays were
reported to be involved in apoptosis, inflammation reaction and bystander effects. In this research, to
clarify the mechanism of these effects, the radiation-induced modification of mitochondrial function was
examined in the human tumor cell lines. In human lung adenocarcinoma A549 cells, fibroblast NIH3T3
cells and human squamous-cell carcinoma SCCVII cells, X-irradiation (10 Gy) induced a time-dependent
increase in the mitochondrial mass and mitochondrial DNA level, indicating that ionizing radiation
increased the mitochondrial content of the cell. To examine whether this radiation-induced up-regulation of
mitochondrial DNA content is associated with upregulated normal biosynthesis in mitochondria, we
estimated the expression of mRNA of mitochondria-related transcription factors and coactivator such as
TFAM, TFB2M, NRF1, NRF2 and PGC]la by using real-time PCR technique. The expressions of TFAM,
TFB2M, NRF1 and NRF2 did not increase after irradiation, although that of PGCla significantly increased
after irradiation. It is also demonstrated that the expression of mRNA for mitochondrial cytochrome C was
decreased after irradiation. These results indicated that mitochondrial mass and mitochondrial DNA
increased through unknown abnormal system but not normal biosynthesis in the cells exposed to X-rays. In
addition, we investigated that the mitochondrial base-excision repair (BER) system in mice and found that
there is unknown BER system unlike the nucleus to mitochondria. These findings in this experiments,
which were related with radiation-induced modification of mitochondrial function, is important to
understand the radiation-induced apoptosis, inflammation and bystander effects in the cells exposed to

ionizing radiation.
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Search for genes involved in radiosensitivity of hematopoietic stem cells
Ikuo Kashiwakura™, Tokuhisa Hirouchi”, Yasushi Mariya™, Satoru Monzen", Hironori Yoshino

"\ Hirosaki University Graduate School of Health Sciences
"2 Department of Radiobiology, Institute for Environmental Sciences

Keywords : Hematopoietic stem cells; Radiosensitivity;
Abstract

To clarify the mechanisms of radiation-induced hematopoietic stem cell death, we investigated the
effects of excessive ionizing radiation on the clonogenic potential of hematopoietic stem/progenitor cells
(HSPC) obtained from human umbilical cord blood in cytokine-free conditions. The CD34" cells were 0-2
Gy X-irradiated and were cultured during 048 h in cytokine-free conditions. At each time, the CD34"
cells were investigated survival, clonogenic potential, generation of mitochondrial superoxide, and more.
The present study revealed the following three points. First, approximately 360 genes were changed in
human hematopoietic stem cells exposed 2 Gy X-irfadiation (a more than twofold alteration in expression
levels after X-irradiation). Second, the gene most altered by X-irradiation was the cyclin-dependent kinase
inhibitor 1A (CDKN1A) which codes p21; The p21 protein is a regulator of cell cycle progression at G1
and plays a regulatory role in S phase DNA replication. Third, the gene network analysis suggested that
c-Myc has an important role in the radiation response of hematopoietic stem cells. c-Myc is one of a
regulator gene that codes for a cancer-related transcription factor and is one of an initialization factor that
induced mouse pluripotent stem (iPS) cells founded by Prof. Yamanaka group. Based on the above findings,
further approaches with respect to hematopoietic stem cell surface antigens, relationship of genes and
radiosensitivity and individual radiosensitivity by using of small interfering RNA (siRNA) will be required.

Finally, we would like to establish the presumptive diagnosis method for individual radiosensitivity.
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Effect of calorie restriction on life span and tumor incidence in

long-term gamma irradiated mice at low-dose-rate

Keywords: low-dose-rate gamma irradiation; long-term irradiation; mouse; calorie restriction;

tumor; chromosome aberration
Kazumi Yamauchi, Satoshi Tanaka and Kimio Tanaka.

Department of radiobiology, Institute for environmental Sciences

Abstract

Calorie restriction (CR), that is, the reduction of calorie intake to 50-70% of ad libitum levels over a
lifetime, is known to increase life span and suppress tumors in mice. CR also suppresses high dose
irradiation-induced solid tumors and leukemia. However, it is not known if the tumors and shortened life
span induced by long-term exposure to low-dose-rate gamma-irradiation are reduced by CR. Therefore, in
this study, mice were exposed at low-dose-rate (20 mGy/day) gamma rays from 8 weeks of age for 400
consecutive days fed with normal calorie or CR diets, and their life span and the incidence of tumors were
analyzed. One male B6C3F1 mouse was housed per cage. One group was fed on 95 kcal/week diets
(normal calorie levels) and others on 65 kcal/week diets (CR). After‘the mice received the predetermined
total dose of radiation (8,000 mGy), mice were transferred to animal rooms and were housed until they
died spontaneously. Another two groups were fed 95 kcal/week with non-irradiated and fed 65 kcal/week
with non-irradiated. This assay was performed on 60 mice per group. Splenocytes and liver cells were
collected from mice every 200 days after starting of CR and irradiation to observe the incidence of
chromosome aberrations in splenocytes and gene expression in the liver. Experiments are going, and at
four weeks after starting of irradiation and CR began, the body weight of mice fed normal calorie diets
increased, but the body weight of mice fed 65 kcal/week suppressed. No significant difference was

observed in the life span of the CR and normal-diet groups.
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Whether lower-dose radiation can induce circulatory disease?

— -Assessment using animal models-
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There are many reports that frequencies of cardiovascular diseases (CVDs) are increasing
among atomic bomb survivors. Moreover, the same evidences are also observed among the patients
irradiated with high dose during radiotherapy, nuclear workers, and individuals with environmental
or occupational exposures. This issue is receiving considerable attention from the research scientists
in the field of radiation protection, radiation biology and cardiology. Since uncertainty remained, we
initiated this study in which we acutely irradiated model animals and compared their phenotypes to
those from unirradiated animals, in order to asses whether or not risk of CVDs is elevated with
increasing radiation dose. In this study plan, we are using stroke prone spontaneous hypertensive rats
as the model animal.

Before starting this study, we conducted the preliminary study, in which the male rats were
irradiated by gamma-ray of 1, 2 and 4Gy and gnirradiated rats were used as a control. The results
indicated that 1) the life span of irradiated rats was significantly shorter than that of unirradiated rats.
2) Pathological observation indicated that the early stages of perivascular changes in some organs of
the irradiated rats were more advanced in terms of severity than those observed in the organs of the
control rats. '

We proposed this study, since our preliminary results supported that the study used by the rats
irradiated with 1Gy or less may be an opportunity for providing us additional interesting data. We
are currently conducting a new pilot study in which we evaluate effects of lower-dose (1, 0.5, and
0.25Gy in addition to 0Gy sham) radiation by observation of the life spans, the severity of
pathological phenotype changes, and the assessment of blood biomarkers. After completion of the
new pilot study, we will progress to larger studies using the experimental conditions modified by the
results from the pilot studies. Statistical analysis for relationship between radiation dose and each

endpoint, such as lifespan, pathological observations, and biomarkers, will be conducted.
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From this animal model study, we expect to obtain somewhat clear evidence indicating whether
or not radiation truly causes CVDs. The approach may also provide a novel way to seek possible
mechanisms of CVDs-related by lower-dose radiation.

Finally, the evidences obtained through our studies might be able to provide some information

for the relation between CVDs and low dose exposures of ionizing radiation from Fukushima Power

Plant Accident.
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