FUIR RS, SBIC R Y YU R ONDN 77— 12 X 0 B iR AR L7,

HREEEE S D TE R O A - FLIR LRI 7 o~ B & FERRE S L < 1Z 100mGy~8Gy TAaMEST
(0.5Gy/5r, =iR) L7z, 100mGy (2B L TITEHRERREST (ImGy/5r, 100 43, =) biT-o7, W
W%, < F AT 4 TR T 1B LT RHMIEEESE 215, 7 = V&R0 g T
HIE Uz, — 30 FEBRTIZZ O, BEFHlD - 5-7 0E-2-7 4% 7 U 2> (BrdU, 10uM) %
BN AN Uz, — UM ESE 2 T U 73 U ALEE U CHE I L, ~ T A7 4 TR
S CEHIC B L. “MIEHESL O IR A S L 7=,

HIREEESE D /3 LRE DR« —RAIEEESE 2 LRSI L TS bIC LR L, EEL
THBE T A N 7T 14 LN 18 Ot 217> 7=,

I AEREOREAT © 3 M T » b O FIEHILIRIENIAD & R R HMYRIE 2 BRE L. - 7-hE
RIZ50%~ R U 7L e & HIcilazii A Lz, SBEMBICHEIRE— L~y MERZIERIL, F4
FERR DA M A SEARBAMBIIC L - THIEE LTz,

(fREREA~OBLE) FEEREW) OEICEE L CIE, BERHRE PSR TEi SR ZE B2 TR S
TeRHENC A D & | BWEREIER b ONTHURBRIE TR B FETRE Biks - B A 0T L C oM L7z,

I AF2eRs 5

1. DNA H{GMfaDBEFF2H

7 v h & VT DNA 1EEHI 2B 2 RO PHRE 217> 72, FE0MEIc s 5 /a0
HEFHET 5 2 & T DELENS EdU & 1 BIC 3 G U723, BEE it S e o T2
T, AROBRGEITEYICTHD B2 b, -, BEHZROT v b HRRERFICEE L 72 f kI
VT, 91 KD HE YL fZARTE 1 ) OF 240 AL O RYLESEAR 2 ERL L €, R REICHR L LT, 514,
EdU. DNARE, 7R b —3 2O ATV @O i a2 et3 5,

HEfEEE S ORI T DNA HEZ BT 3SR L Cix, AFEIXREOMT 217\, 41
DIt BEL O Lz,

2. MIREEEESR O RHE R

HIREEEE SR DT AOEFE TEEHUCERIN L 72 BrdU 1% 7 BFEEE ORI IR W A TN 7208, B AL 20
S —ERELTE EN TV, MIAEESL ORI I & & HICEE LRS- LT\ b
EEZ DN, VA T F 214 ROV IE, AHRMEA CTITZ a2 B K OVE ISR A7 E
L7z, MRS CIRIT & A EOMBD Y, LR (A N o F o 14 ORGME) T, —F0nA4 N7
T F 14 B8 WA R U, BRI (U1 R 752 18 DA 13RI e o7, M
B T, 5 R OV ISR 2 o L FTREZR TREMEIR CH 2 L HEE S D, MEFBESMCE D
AT AR SR Tl M BRI Y T  FIBRRMII b AE R ST, S0 Z &%, MifakisEst
BRI~ D LRE R AT DA FAET 5 2 L 2R L TR Y . MBS ERIA e 24495
EWVHHEE LA T D, 7, BRFEAREZRIEL LA, LR BRI A 100 fERHE L= T
1% 9 BRAZTIC 8 BBAL, 300 ML L 7= 9 AL TI% 7 BAL CHAEN RSN T223, MNEEEESE A~ & Hif
L 7=l 2 100 EREAE L 7= 9 #AZH T 0 #FA7. 300 fERAE L7 11 ERALH Tl 5 EALIC AN RS
7o Tbh, MREHESIC I3 VR ERE A R TR () IR S T E B2 B
%o LI EDOFERND . FREEESLI X2 0 L O S NIz o — 2 Clidie <l i BRIl & 5
TR AERE AR TREMERIE (2 2 CIIMBErEATBEHIlG & PSR 2 L 129 2) 23R L7223 HEEE LT
ESNTZbDTHDH EZZBID,

3. MRS OGRS AL

FEAERE OFESLCld, 100mGy~8Gy MRS L 7= FLAR ERMIED & — Uitk BN AR S B 01T
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FHZ LD HE VKT L2 (FT7ebbIREH X DB IR 2 LR &N, A
INEKELT, R—ORREMEOLND Z L 2R Uiz, ERFFOGAEE 1 & U e fiugEs
BRIZRRER S 13H e D OB S=e® (2 =0.04 +0.01, 5+ EHERRE) CiREIENT, FFEESLD
K& ST OFBEZ T e -T2, 100mGy ORNRITHERIIKITF Loz, Fiz, 2H L TE
B ST MIRREREESL 2 0B L. FRERER T 5 2 & O S L YGHIEESE O R S, —kila
BEEBLE Y B/NE Do 7o, UGHIIERESL ORI OV T H, 100mGy~8Gy DRI X 55
REAITERD HZainoT- (S=e™, a=0.05+0.06), 100mGy D% HIFHEHREIRITMEFE Lo T2, B
DL 91T, 100mGy~8Gy D HRHIIAN bRz M & MIBEMERTEISHAL DT K OEHEN 4 K& KT
P ZUMRERESL ORI )T D B R O IR AE R B OGS Do T,

4. FREMZOMBEESL O M LRE

RS E L < 13100mGy 725 8Gy MR L 7= FLAR LRz 2> SRR L 7= MIBEEESE 2 5 Lk B gt
1HEE X, BN L7, &%, A M7 5F 2 14 N8 D5t i Effi+ 5 T ETH b,

IV %%

AAEFEAMICI 1T 5 DNA HBEHINOBIR IR 25721255 -, FIlasEsiiy, BRmLLE
A DEMINA Y m— T VB U7 SRR C1a /e < L i LRSI & FREMERTEARAS B L 7
MBEHE LTI SN b DO THD 2 LTRSS, —KMIESES ORI TN k> Th 3
I Uy AA7 L7 MR K 2 RS OFE R 35U CHRINF O B I L T\ e o 72,

A G BV RERI, FIMEEEIIS, I OEEE 2% 7= 5 b R e O REMERTERMIN T % 2
LA LT, HURRRER T v LS ADS 13 LRGN &SSO mE 2 ST 2 L s D [
REME AT DI TE R A DREHII T 5 L B2 b D, MIREHESL 27005 L T 2485818, %
MRSV TOEREE 572 DDET A TIZ L, MREMRTEHIIEOEF L L LTS BERD 5,

SlEl, — KB O T RHBESER ORI L T 5 &, RNOEEBIIZE AL RbNARD -7, =
Mk U, ER~OBIHAREZIEIE L T 5 L NORBITIE TH D Uit IR URERT—4),
FNREEESL ORI B W THIE LIS ORI EHE L TS 2 e 2B 25 L. T ORI AKX

LN LI REE TR, A%, BRI SIS MIAEEROME  (5OLRESS) ASFER
BOE L B DNE D D ERFT 2 BERD S,

DNA BN DE R 2 18B5 2 EZBRR & LT, (AR 2 AIEB O EZRADIE), MilaEE
B ORI & FTRAL U CGEBR 2 EBRR A FHE LTV e, ARl ATEHESLN ISR o 2 —
TSR FET 5 L ITE 2T WD E BB BN AR o7, MINEEBOERT & L CIdEkE v s
DAY & HT SN D,

V S

EEAILOIBIREER 22D BT, FLIR ERGHIREEESRE 7 U id, W LEGHIRE & mREMERTESHAa )
IR LN ORHE LT b D THD Z EAVRB SN, —RHIFEHESL O AT L > TH F V(K
T, A4S LIRS X D AR SO AL b B OB A Z T e o Te, A%, BRR%ZISE
A ST AIREEESE OME (UMERESS) DIEIOBA L B DM E D hEatd 52 &, BRNT
DNA H#{5Hifla 488535 2 L DUEETH D,

VI URAEJE LIRE D 1]

WEEFEIT, AR IZRFR T DNA HIEMIOEm 280 5, £/, RIRITEKR S oMok
BOSEREZRHES 2, ZNETHONLEHRE S LI, Mo Z — A — S —Z{L A S D
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MREZRBIGRIC RIE S B2 FERA AT 5,

Z OWIFEIZBET B £ TONTRRDL, 30T

MIAKE, SEE, NIER, BREATF. IHHE, BREL 7 SRR EERHER O

FESA~ R E < ORBSRIIZ A C~ %6 36 [H ARG FAWFaESs MEt, 2013

12 H,
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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 ™, Isao Kawaguchi™
“INational Institute of Radiological Sciences
Keywords: Tissue stem cells; Mammary gland; Cellular radiation effect; Turnover

Abstract

The Fukushima Daiichi nuclear power plant accident has provoked nationwide concern about the health risks
of radiation. The goal of the present project is to offer a novel scientific basis for improvement of radiation risk
estimation, and specifically, the study aims at evaluating radiation effects on tissue stem cells. This year, the
mammosphere model, which is generally regarded as stem/progenitor cells of the mammary gland, was
characterized further and used for evaluation of radiation effects on its formation. Our results suggest that the
mammosphere was not a colony of mammary stem cells but rather an aggregation of cells containing
proliferating cells and bipotent progenitors. Irradiated cells did not show substantial reduction in their ability to
form mammospheres. These mammospheres consisted of cells that show unaffected capacity to form secondary
mammospheres. Furthermore, a new experiment was started to track tissue cells having DNA damages. The
subsequent year will be devoted to completion of this new experiment, to evaluation of radiation effects on the
differentiation potential of the cells consisting mammospheres formed from irradiated cells, and further, to
mathematical analysis of results hitherto obtained.
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WFFERRE A TR R R - R RO BRI < 2 L sl e oD
JACS BRI O FRIZ B D AF5E )

WHIETE B A T AR E SR I e 3 2 TR R G 2 O i B SR 40 SR O Al |

K& f&Jr
— B HIE N HORBEIERT R BN IERT R et v 4 — FAERFER

s

AR BRI BREIEICELDIBAY A7 OREEIL, BRERBHBONALY A7 % &
CHEERF S22 20D, ARFIICIEFR CEBRE CLRERD B 2NVITEMD RN R
7% THRERDE] Dabh Tk, ZO-ORBER - [KBEBRFEBICEIIENALY X
7 HEZDITHTZ o TIX, BN AOEAIICE T DM ERNE O 2 £ F 02 HL iR
THILERVETHD, TE, BPAOENPEBESRMRE T Z EnREsEZZ En
O, ARBFETIX, S ICS T oM ERIREZ, SHMRA~OEFEOEEMEOB AN
HoNcT2Zt2HME L, WkESRMa~——&L LTabILD Lgrd @ffifia L |
TOTHRMEEER I B RiEMEEH TR UERERE (1Gy) RN L~
U AZEWT, Legrd @il & — A — " —FF Ik T o m R EE (30 Gy/Ff) I KL OVME#MR
EREKHH (0.008 Gy/F) I X DEBLPF -, ZORE., BMEFEENRES CHlss
Nle = A= R"—OFHRD, KRR GERN TR IS, REFEDENBES
iz, BMiIcB T 2MERDREOEBELZRD 2O, HREHIRIC I 2 BB
DNA HEEOEE O A M4 DNA ARG OIWrBAL ~D 53BP1 ¥ v /37 OEFEIC L0 Al L
7o, ZOrtE, DNAHEZH L-BMENANEDLL 2RI 572912, BEdU IC L5
AMRE#REZHAA DY CTiTo 2, AFEE X, EdU Ei#ic X > T DNAHEZ A L =@M
DANEDL YR, i ~D DNAEEGOKF LT 2720 O EBRFMFOMHER 1T > 72,

F—U— N RBRER BERGR, HEE., MMz, DNAHEE, EdU

. MF9EEB

MR R RIE < ICL 2R B AY 27 OHEEIL., JEF I T 2025850 5
BARRD D70, BHRERMEBONRALY A7 528 L ICHETS 252270, L LR
S, AMFEMICEFAUERERETOMERBRRNTEDDENER D THERDE] 2
HHZENMBEN TS, 2O, KRB - KBREKFRICEIDZENLALY X7 2HE
THERICIE, (1) BBRAOEPMIICY L CREREDRPBEINDIONEHETHZ L
(2) MERDENBEINDIBAITIZLOMB LA FNICHMR TS - L NEERRET
B, AE, ERNANERER AR L ER AR miichmkTso . Tbb,
R A DEEHI RIS FARE L T 5 2 & 03 MA S s Y, F o MRS R
MR B OICAETEIC DT o THARICTEE T D720 Ak IR % U TR b 5 28
FOREERT DO, T L TERBLARAVEA IR REENHE#E»D L0 X kRS
NHEONDONEWSPICT S LN, BFABRERADOY 27 23+ 5720 OEEOHE
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BleisnbEZEzbNns D, 22T, KR CIE., MESMRICHT2HRERNES . M
JI~DOEEOERBEOB AN LH LTI 2B E L,

1. #F2E 5%

iR

AR D I R B AT 57201, HEE®RMiE~—T—t L Tabh
% Lgrs MAICB T, #EF L7 = (4OHT) OB G L CHREEIE BAY IS 2
FHEL, TOTHRMIEE VAR — % =1 (LacZ) THEHR S & 2 & H i R &8 bRk
(Lineage tracing) 7233 H AIHEZ2~ 7 A (Lgr5-creERT2 x ROSA26-LacZ ¥ 7 A, LLF LRZ
<~ 2) Ve (K 1A), v TR EA 25— 2B R CEM AT 72, 10
~14 His®D LRZ ~ 7 A 2% L. 10 mg/ml @ 40HT (Sigma, #H6278)% 3 mg/40g K E (272 5
EOWCH—IERENEES Lz, BEILRFICHER 28I L, %/ A DNA 2L Ty =/ # 4
BT BTN v AT VN ERT HMIED R 2 — o F— N — DRIl R Wz,

AR ER X BN X VKRR ERT v~ MRS

i~ @k RO R X SRS EEE (Hitachi, MBR-320R) %z W TAT o 7=,
260 kV, 4.5 mA, 0.5 mm Al +0.3mm Cu 7 4 /L X7 OS5 CTRE L, RS E R =313 30 Gy/
MCThole, ~VRAIHHADT 7 VAL E—ZINE L CHRE 2T/, RILELE—IC
WELCEBREZI T~ AZRREE L LT,

B~ O AR BRI R R L, B R TRS RE Rst v X — R T DK
R V< SRR R B i % (137Cs ARIE) (2 T I L 7, (R B 38 i R oo AR S R 1
WA T AREFFFET GD-301 BT 7 /7 7T A& t) 2HOTiT- 7, BERIL,
HOMUOBKHFMHER U~ R — (Mi%EL, G400 IS0 7 AEFHZAY
i, BEZOBREFOFEAEN S~ 7 A7 — U H0 o 22 MR & A ) 0.003 Gy/RF 12 72
D% BEALE L L, WTHLORS S, MEBIHENRZR D720, 410 E 101 o IRt
T, KRR E RSO BRI, W CRIIRAERAROE % T, S 512 60cm
D7V —FTEBRLEGTICENEZT v 7 (MERI ANy 77770 FHY) T
RHEEGEETL-bo L L,

LacZ ¥ H ZEME L LIz ¥ — v 4 — R —F R EE 0%

LRZ ~ U A b RKIFZHM L COB L, BE LKL, X-gal G ikic T— B3
BT LacZz B VT b ERE L, BEERIIAATZ 7o 0L, 27U 7 FoME
FrEmEIZ/RD L) ICHBMU AT EER L7 (K 1B), YU iZ=A v 32 L0 xf b g
BT olz, A4 FHORE L2277 D5 L, LacZiEi#kshi=27 V7 hoEIA %
Kbz, RMBEEE L T, BEICE - T LacZz B2 )V 7 S HZENEEICH D LT
A= = N—DOFREPEZ 2T b D LFHE L7,

HOFL AR Y

~ T ADFT BB IOKEE 4% XT7 KL LAT LT RTEEL, XT7 740710y
IR LTtk MRS ZER L7z, £, MEREA OMRBIEZ SIS+ 2729
2. 50mM EDTA/PBS ¥k 12 30 mriiE s ®, 7 UV 7 OB ZHEEL Th— /L~ hikk
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LTz, S PUAY o 7= 12, Bt GFP ik (Abcam, Chicken anti-GFP antibody) . $1 53BP1
Pri& (Bethyl, anti-53BP1 antibody) % Hu 7=,

EdU % U 7= il B e il 12

MAkHIL~D DNA HBEOZERE L, MO X — > 4 — N—B e & 5EAl 9 5 72 D (4l i 4
REBR AT o 7o, MIIREEGE I 1%, 5-ethynyl-2’-deoxyuridine (EdU, Life Technologies, #E10187)
MWz, EdU X PBSICT3mM OREICHR L, ~ 7 24720 350ul §° > B — i A Py 4
G L, BAUICE D E#R L~ A/ b L<idd—v~w > MAkIE, Click-iT EdU
Imaging Kit (Life Technologies)iZ & ¥ & YeAZak L., L — & — 3L ME L BMEE (Nikon, C1) % H
W TCHOG MR & IS LT,

HERT LB

LacZ (5127 UV 7 b OEE X, FREOWEIE T LB 27 ) 7 b 28R L, xTREE L B
FEEOM T, WA _FEMREEZIT-7= (a=0.05), %@mmzﬁﬁmﬁm IZ. Student @ t
MEE AW~ (a=0.05),

(i B 7 ~ oD i f&)
ARWFZEIT. GET B LB EREZE S TED 5 TEW R L OERRE Y SRR A )
CESTHYEROBANOFEENTDON, MHEGFTEOKR L H > THEM LI,

. B 7E 55 3

LRZ~ U A (1LJH#) |2 40HT 5 122 H%IC, 1 Gy O EFEFE (30 Gy/k) M 25
27M. b LIHEMRER (0.003Gy/H) H o ~#a2K 14 B (330 BifE) ML, P
BTHE 2B %O KIGHEMEOEBMI Y — 2 A — R—BHEZHE LI ERE2ELICRT,

B ERIBH R IC B DA~ 2 (n=6) Tik,LacZ P2 UV 7 MEIA N 2.23£0.74%
L, INEFTCOERBRMREEFZEIFAUMESRLEZ, —FH, LGyHHF~Y X (n=7) ®
LacZ 527 U 7 MEIAIX, 1.70+20.44% & 7o o 72, BENO L7 U 7 M EREN D 4 LacZ [
P V7RISR LT, A RREEITT2E 2 A, A “FMl1N 9.43 T, HFHHH
BT, p=0.002 Lo, BEICK > T LacZ B2 V7 M ENREFEICHAD T Z L
75‘3'3)%%75”&/)7‘:0

VIR ERBEHBEICRB TS ERE~Y X (n = 6) TiX, LacZz B2 UV 7 FEIE N
zniom%&&b\mﬁi$®ﬂ%ﬁk FERICEZ R L, ZOBRBERT ~HE 1
Gy HgBE L7z~ 7 X (n=15) TiX, LacZz B2 U 7 REIA 2 1.9720.79% & 72 v | LacZ
Btk U 7 RIS ICE TORTFEANPEO N, BNOE227 V7 N EHANDOE LacZ
Btk 7 UV 7 FOMThHA “RREZIToTZET A, A ZFEN 0.25 T, HatFHAE =
I, p=0.61 £ 720, EBRERBFROLGEICITY - A —R—DFRICHAELRENRD L
LMo T,

AR BRI ROBE O X — A — N —BIEE BT 572D, 0.003Gy/HDH L~
WA 2MMMEHE L, MEETES (OBA) @ LacZBMErz V)V 7 ME[&%2Kkd/7-, 5LD~
TANLRE LAY VS ML 12,158 THY . D H 6 LacZ B2 U 7 b iX 241 @ T
Hol- (2.08£0.70), MHK TH% 2 HMERB L~ 2D LacZz BtE27 V 7 FEIG LD
A ZEEIT 048 THY . Mt FHAEETHEO N7 (p=0.49),
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WIZ, SAfIcE T2 DNABGEEHELZHA O NCT 572012, DNABEEE Z X
7 D—>TdH 5 53BPLIZEH L=, 53BP1 |X DNA EEWMNIICER (7 +—H A L
T HEBEZICHEAT S (BEIND E THIRICEST 2) 20 mfkfiiaicis i 5 DNA
DIEBREELRIT 52 EWVEETHL Z EAREESATWD Y KEEIZ, 72U 7 Mok
% Lors BEthErimae (EGFP S HAIIN) 2B W CTHMAEH =0 @ 53BP1L O 7 4 — 1 AR £l
BWEALT 20 &M L, 1Gy ® X#AME 1,15,2,3,6 FEFZICHEHL, A—nr~v
Mg L7 ) N TLUEGFP 3Bl 2 MAIC 1T D 53BPL 7 4+ — I A E A~ T2 (1K
2A), XHEFE~ T ZADOYE . EGFP #3879 5 Lors BEMEics W TNy 7 VT 7 KL
)LD B3BPL 7 A — W AFBEIN o, IGYy KT HE, U T FNOTRTO
AOREICIZIE ) — 12 53BPL 7 o — I ANBEE I T2 EGFP Z 38 Bl 5 Lgrb b5 Mk Ml fa T i,
MG 60 0% CTIEEEHZD 21218 D 7 + —H AN(FIELT (K 2B), FE 90 43t Tl
4014 ENZEEIN L7223, RS2 D 120 3% TIX 2321 & i L, D%, 3Kl
TH23+08HEEDLLT, 6FFHHZTH 1.8F04HE 7+ —H ADEEDRD LNT-,

KIZ, EdU 12 X 2 MfatEikic L > C DNA HiEoBE oy — > F—"— DK%
Pl A DEBREIT T2, ®AIC, EdU Z B —EHENELE (KL ATNL) $5 2 &
T, BEOLEOMNEOMBSETR S LD EEENORRZ8 > THRE L7z, EdU & 52
O, 8 WF[A], 24 WFfE], 44 WP I2MEH L. MDA 2 v T+ 8. KB T EdU ££3#%
M OMNEZHER LIE 2 A, Eilk»b 8RHZ TIZZ Y S NEHEIV &7 U7~ B o
MRS 2 < KERk Sz (IX03), EdU AZRk S 7z fifaid, 24 FER. 44 R & RER SR8 3
LizonT, 7V T b ofiE CBE SN, 7 U7 MNO EdU £ I o 47 #E %
HEMICEET AT, 2V NDOF— A~y N EToT, 7 U7 h Tk EdU # 5
AFFRI D EdU SIS TRETH » 72, X 4 121X EdU &5 4 BRI ICfi@s L, 7
U7 MZBT D Lors e a2 51 GFP HURIC TR L7 b D & | BEdU A &2 1T o 728
Yl ERT, R BOEBE. 7V 7 N0 O Lors BYEESMEEIEX 9.0E1.6 il TH o
727 (n=5), EdUEGER IO 5> B, EGFP Z#RH L T/ b DX 1.8%TH Y . Lgrs
BRI S B EdU BEGR S N MIRIL 6.7% CThH 72, KIBEDOHE. 7V 7 McdH =0 @ Lgrs
e i 5 4.8£3.0fTH o7z (n=6), EdUEER S N7 Mifud 5 & EGFP & 388l L
TWZb DX 8T%TH Y, Lgr5S SMifimo 55 EdU £Ra%k S AL 72 Ml 1% 37.9% Th - 7,

V. &%

Fxld, LRZ~ UV ZAEZHWIEINETOMIK T, 1 Gy O EMER X BRIHIZ XL > TKRIG
WA ATEAR L, 0%, FrLv Lo @M EonD (Thbb, ¥ —rd— =2
FEND) ZTEERHLE Y, hETIH, REFORBEEZEE LEEREMEL LT
XN, REEIT, RYMICBLISERERRNEREZ A2 <, EMMREZ S 71
RN EL TCHMTE DEMETEREZIToT-, SHIT, BBERBABICL L2 — 0 F
— RN DOFE RN EL PSR ARBT 22 TELLINEZRALNCT DD, 16y O
HGERRG (R 2 M) OB E#® & 2 HMZ A8 Lo, 2 @HREICK D LacZ BBtk s
U7 kO EIAEIE 5% (1.97/2.08) ERETH Y, HetFHWRAFEEIRO LR N> T27
W, X—F—N—FROBLEEEETHLELRIZ) Tholz, — 5., AL LRZ~
7 AN 1 EE T AOHT 25425 2 L T.200 HEOEHICHT- > T LacZ BtE2 VU 7 b3
—ELL (K2%) OFEHBT L5 L LML THD Y, bR ERAIC
BELT, X IT40HT 2~ A 1L #EICTHRE L, BEMS 10 ABICRE 21TV, B
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FETH»D 2EM®BICMEA T 2ERBREECHREZEDD L L LT,

ERRERE R & T, KR BRI RIBS®RMEO % — = R=NFER SN
<<, WM ERDEDBRI N, RFRERDRBT 5 L 512, KR ER KSR
DL ESRMILO Y — v A — N —Z T ICH M — A 2T 2 2 Lk, KRER
BREIEL <12 K o TS MALIZ DNA BENERMT 204252 ¢ NEETHD Z
EEBWT S, 7V 7 Miilao DNA HEEEEEREIZ OV TIX, Hua 53 EHEERN#ZO
FE L L CHEMICEELTVD D vy -HZAX D7 +—h A& FEE L LT, 12 Gy H4#%
DEAEF2D & Lors #fMifla (CBC) TiX, MHE®ZLLHIM L, 60 5%&ICT7 +— T 2K
DE—IBBEINTWD, TOK, QI L7z, DNA ZAREGEER ¥ v X7
(BRCAL, RAD51) D7 4+ — B AT IRH % 1~2 R T — 27 ZHF L T o, Btk
Mand b Lz, —F., #ilEME (TA) Tld., 7+ — W 2A0WEENSME (CBC)
ICHARTENRTAELTEY, DNABBEEDRERNMENZ ERMbA TS D, K% TH
HAL7z 53BPL 7 4 — B AL TRl L 72 T 25 R TIX. 90 02 B — 27 (27 4+ — 0 A D
WAEE AR BN, HEBTIZ1Io027 ) 7 NATOFRGOALTH L0, 5%, H
ETH7 VT M EESL, TAMIEO DNABEEESHEL KT LI L L HIC, SHICE
HWICBET I ERD D,

EQU (X DNA OF I P75 r 7 ThHY ., MHOMEENSITE XL HW SR DM
WMEATHD Y, IR EAVTEHRS N MIEO DNABE R EET 20 & T 2 2 &2
ARECTH D, EAU Z XNV AT UL LEHZAICRY AT 2O KTy, + BB os
B3 Lgrs R B T 8RO TH > 720N, ZHIE NV AT )V O5A @M X
DHARE O RN TAICERIRWICIY 2FEndsebe&Ex bz, — 5. KB TIX EGFP
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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-rate; Dose-rate effect; Intestine; Tissue stem cell; DNA damage; EdU

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 rate of the intestinal stem cells after
low-dose-rate and high-dose-rate irradiation. In this study, we optimized our experimental protocol
for evaluating the effect of low-dose-rate radiation. Under this revised condition, we found that 1 Gy
of low-dose-rate (0.003 Gy/h) gamma-rays did not induce turnover of Lgr5* stem cells, whereas
high-dose-rate (30 Gy/h) induce radiation-induced turnover. We also observed decrease of DNA
double-strand breaks in irradiated Lgr5* stem cells after irradiation. To chase labeled cells in crypts,
we injected ethynyl-deoxyuridine (EdU) intraperitoneally. We found that duodenal Lgr5* stem cells
were hardly labeled with EdU. However, 40% of colonic Lgr5" stem cells were labeled with EdU.
These findings would be useful for understanding the difference of radiosensitivity between
duodenal and colonic stem cells.
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