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Development of rat models as a component technology for visualizing the process
of radiation-induced carcinogenesis
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o _lonizing radiation is considered to produce mutant somatic cells, the number
of which is proportional to the radiation dose, resulting in cancer risk that is proportional to

the dose. A direct proof of this hypothesis would be facilitated by visualization of somatic cells
harboring cancer-causing mutations. Establishment of such technology will be dependent on the
development of animal carcinogenesis models where the cancer-causing mutation is locatable in the
genome of somatic cells, like genetic knockout models. To this end, the current project succeeded in

_establishing a novel knockout rat model with increased cancer susceptibility after exposure to
ionizing radiation.



¥ X C—19, F—19—1, Z—19 (@)

1. WIS O 5

Rx B ET N E IO FEBR T BUARRDSTHR LIe S AMITIIR RN @3 2 2 & 3
OID, ZOLX D REREFFOMISIT, BT < B O RN GHEL, ZOFhO—i
WEBICHANCHERT D EEZ LN TWDR, TN EEERT 2 & TMmig R IES 2 B\ TR
HTH oo, EMAETIE, BMENICBIT 28 % A4 A —T 0 T HIRBHER L TW D53, Hidd
BRIED PN T DEROA A=V U 72D ARSI TV eV, HEEE X, Mk CRIES LA
DETNLTHDT v PIBAET VI L THREZBAERTCEEEBLDH D, (E> T, ZOF
TIATIT DFH ABIEE RO P T 7o B BT S, B Th D,

2. WHEDOBH
HEHBRDME > o3 VBB B A ROl 2 FIf b6 Z L A BfF L, EEREERINE 25
Z v MR AET LVERFET S,

3. WHEDTE
T ART OB LR OB 2 FRIT, EME OFTRMT IR O AGR 215 T EtatL,
B, BRERE~OBED FAT- 7,

(1) BEFEREDAET VO

O BEROEHE

AN A% B WHEE THRIEYT 5 Sprague-Dawley S2#t & B a1y 52 Ff D Breal B AR T
v MR L7, A EIEE A EFRIE L7V Copenhagen R#t & OHEFESE — R O/ER, R
A L7z Copenhagen AMHET »~ k& DBIRZEUZ L0 Ehifi L=, LA ZIRWEEE CTRIET S
Lewis Rft~Da ==y 7 ZOMERIT, ST L7 LEW RitEREEY & o 12 iR
FOBRERUC L > THEM LTz, BRT v FO—HIZOW T, RIFD T2 DI HRE MK O+
ZERL LT,

@ R
Z v MZ Cs137y # (0.1~2Gy) &2 WBE, HDVIIRBNAEDETHD 1-A F-1-=
Fa Y R#E (MNU) ZEENES (25 & 5% 50mg/kg) . 5 WITHELE & Lz,

@  FED Al

Z v N OFLIRIER OfkiS 2 I 1 Bl CHhE L-, ik SN7mEOERNK 2em %8
X T WRE U CAERGUR 28R EL L, B IRHI 21T o 7o, HDS A & B2 S 7o R & OMm BRROBLA
WZEEDSWTERE LIz NE T RARA > MZELE LR A2 LT, X TORELZEI L,
TR PR AT S OVFLBRAE S D e f& B 72 S BRI R 2 1T > 7o i M QYR BRSO R A O G SR 2 1 7°
Ty A Y —ECLSTAUE L, v T 7 REKR N v 7 AENRIHT 21T > T, A ATHE
TR A DA E TN LT,

@ FEEOBES T BT

R~V CEENT T ¢ o mlBRR  ONHAERRAR H i EEE A ERLL . L — =~ a1 I
A A X7 v a RIS X o TERECL 72 EE a2 S DNA 24 L7z, U 7L % A A PCRIEICK
- CTEA7 Breal DNA & 2 %K DNA #E& L7z, EERAL L, B4 DNA F OV R
K DNA & [F— DRI ZFFSER DNA ZHEA LT, Bix R TRA L THWE, EERIKIC
B2 AR DNA OLREOWD & ~T aEAMHEHEK EEFR L T, TOREE T LT,

(2) FHENATT ILOIER

I ANAFERATHRENEZ R ITEODNA 2 A T 7 ME, S BEEA L, T b
Tp53 B FEANIKT D H A K RNA LAY IT4X X7 AT Rk, &Sz d
DEEALZ, ZnbEA Y/ vaiEL LIy bRl —y g Bk > TSk
P E AN L7, BAEDOEIT LR E2BEHOFEN~BE L, HESNZT v MBI 52858
DEANIL, PCRENY v H——r v o 2L R LT,

4. WFIERE

WFZEBRARIZ 2 7= > T, RIIRE BN Z 2 8RS MHIN s 728 A LT, BsHAET 5
WHH R BB ORBE LV AICHE S DL Z LIk, I RN ERBN R
W2 X o TN DA O A ATREME 2308 U=, T OREE. STk b Criigssmin g A 7= 525
TED X R IBINHME SN TWD HEDOD, HHESMROFET IR AZIT 72 & 2 A, B
IRIZ R — DA %06 3 2 8 Fe THFEZA T EOREENE L TWA Z ERbhotz, 22T, &
D EE AT REMEN BV TR TH D, wIH R BN KKRERIZ L » TR T 2 O RE
SN TN BA R & e L, AT ORREE ST,

(1) BEAFFED AT TV OFHI
TR FE DS BV TRRE RN —E OB AE T D702, BAIGEIEFOLER %



AT BBERMICAT HEF ARG & LD L8, B, RIS OMTH 5T 5,
22T, AB MBS B 28 S T B Breal OEREFT 5T BEEAKT v b i
B LT, BIFO & 5 12, HOMHIE 0 AR R OF TN 3515 5 K 5 5 & R0 5 AL
(~F BEERTEOINR) AT LTz

O R R I i O R

AT T IR IS B 2 IR L 7% . AL AT, ~T a5 T v MZB W TE
AT o PR EWEA S RSN, BISEHRSEROT — 2 245 &, TOETAETIX
einole, W7y N OFRAEFOZEITBENM O PR TILRT 2 23 B > 72728, 40~80 i
DOWFERORRFEOT — & &, HatET Vv ER W2y 7 ZAEgofric L > T L= & 2 A,
7 > ROFEAROMIZIE, F3HEOHERY A7 OEWHB R LN, i OEZRIIIEFET
HoT,

1.0 7 : w
‘1'—|_ k=
s, 0.8
5 0.6
©
'8 0.4 | — kocir
e — KO2Gy(3W)
T oo — B
’ WT 2 Gy (3W)
] WT 2 Gy (TW)
0.0 | | | | [ [ [
0 20 40 60 80 100 120
Age (weeks)
K1 ~7a#EAER(KO) OEAER (WT) 7 v M, 4LE (CTRL) & L <1350 (3W)

B2 WA (TW) 12 2Gy O v #& S L7ztk o, fInslas A DA,

@  ENALF O
A MNU 85 L7=%. DA RAERIT, ~To#EAEKT v MIBWTHAR T v k
FoEnEny B LAEATIR N o7,

1.0 i Iy
5 0.6 '
(0]
'8 0.4 | — koctr
e — KOMNU (25)
6.5 = il
o o
’ [ [ [ [ [ [ [
0 20 40 60 80 100 120

Age (weeks)

B2 ~7u#EAE (KO) KOEAR (WT) 7 v MZ, HAE (CTRL) & L < Es#ic
MNU #%# 25 % L <% 50 mg/kg #%5- L7t D, fEIELAS A DR,

©® BT ROMRE

Sprague-Dawley &t & Copenhagen &%t D MRS — 1 DO BRI B fr & B L7214, #
DAFERIL, ~Ta#EAKT v MZBWTHAEMT v F R EmnE ) —E L7EmERS
NWighole, LEW RO T = 7 RZRO AN 872 S U7, FARER
I, AT aEAERICB O THAR L) @UVHAIN LN S, BIEE TOL ZAZDOEITIFET
ESAAN

@ BREBCBITLI~T oA

EROIZBWT, ~T o AR EBARCTRAEROZENPFRICKEWHIFIICER LT, Z0H
MINCFAE LTS 235 1T D 23 ARG 7 (B R T O IEH 72 X8 fn 1) OIRRE & fRiT L7z
LA EBICBWTCEFRBIEFIREL TV BIEHMIE LN T, TDTD, ZOFT )L
Z gt B & FIRE T A 7= 01iE, RKKRT HMEEICHE Y VXV VAR — 4 —8BI5 &/



v I ATH LD BHARTTIETIE RS FRO Y 7 I VsER 2RI 2 %O O J5 s b
HERDH LB oT,

(2) BrEFENAET L OIER

© /oI TP

ARG T CTh D Tpbd EIn T DE R ~T a G VEICRFORMB AT T /VEN) 2 AR,
QHEFOEIH Xy AT UV OERT U NLVOEHFIZ ) v 74 LT, BAEMT UL
DRI LERT UV ANMERE SN Z2 OB ESWTHRIET 23 AT A0#FE2ER
L7z,

@ JvrAEER

WHHE N EBIRFE ) v A T HERNERE LT, BBRETFO=Y YV 2 NEHEY)
WrL., QEINEHAL~ORNH T E ) v 74y, (DT Y 2 ~DRERENCLD ) v
T RBNEOND I L ERELEERE T T, TORE, /v 7 A iR EBRDLZ LN TE
(4), LL., ZOMKITAERATREICE S RNCEEAZIEL THETH W) REMEH L
TWe, TORKRE LT, 7 MREOHRNFHEL EICEL, M7 IAN ) v 7 A4 b LI
w70 RENTERERBEESERINA TS ZENE BT,

F1 R1 F2 R2 R3
— -— — - -

| Tp53 [ Tps3HA) | CAG promoter | Eecrp [pA|  Tps3(HA) | TpS3
M12 345 6WM

M4 w74 %R PCR 74 ~—0hE (FE) ., 7514 ~—F1 & R1 (FE.
1630bp), F2 & R2 (B4, 523bp) (XK DRERAEH. 403 v 7 A TEE) LT @R, M 1%
DrE~— B —, WTIXEAERMEER, P IXBExR (/) v 27 A4 Iz DNA),

FIT, =7V 3 EFA L b a B 20FHIMT A LT, Sy A ITETBIL
oo T ULV CTHEERENEZ 52 WE T VA VA2 BB L TCEREIT- 72, TORER, /
v A ANEEEEESED Z LTk LT,

F3 F1 F2 R2 R1 R3

- - . - -« -—

| p53 | Tps3(HA) | CAG promoter | ecp |pa|  Tps3ma) | 1ps3 |

K5 v 74 %ESIKRONPCR 7T A4 ~—Dfi#E (L), 754 ~—F2 & R2 (FE /A,
523bp). F2 & R3 (FE:A . 1990bp) |2 X AHERAER. 7,8,10 3/ v 7 A ITHH) L= 8K,
M3 FE~—H—, WITEAERER, PIIBESR (/2 v 27 A4 12/Hv- DNA),

(3) xLw
PULEDE D12, 1RO T v MTOWT, OS2 AL ST M0 FTEULICHE T & Sk
PR o7 9 il LIk R 7, AT, REEOBIEMIECHA TS 2 etk 2 # %772 9
v MRS D L TEE,



5 5 0 0

Imaoka Tatsuhiko Nishimura Mayumi Daino Kazuhiro Shimada Yoshiya Kakinuma Shizuko 68
8.2.8 Effect of carbon ions on carcinogenesis 2019
RADIOISOTOPES 741 748
DOl
10.3769/radioisotopes.68.741
Imaoka Tatsuhiko Nishimura Mayumi Daino Kazuhiro Takabatake Masaru Moriyama Hitomi 95
Nishimura Yukiko Morioka Takamitsu Shimada Yoshiya Kakinuma Shizuko
Risk of second cancer after ion beam radiotherapy: insights from animal carcinogenesis studies 2019
International Journal of Radiation Biology 1431 1440
DOl
10.1080/09553002.2018.1547848
Imaoka Tatsuhiko Nishimura Mayumi Daino Kazuhiro Hosoki Ayaka Takabatake Masaru Nishimura 191
Yukiko Kokubo Toshiaki Morioka Takamitsu Doi Kazutaka Shimada Yoshiya Kakinuma Shizuko
Prominent Dose-Rate Effect and Its Age Dependence of Rat Mammary Carcinogenesis Induced by 2018
Continuous Gamma-Ray Exposure
Radiation Research 245 245
DOl
10.1667/RR15094.1
tl tl I I I I 25
2017
15-25

DOl




24

BRCA

2016

7-15

DOl

14

Brcal

2019

Brcal

73

2019

Brcal

2019

2019




Brcal

13

2019

Tatsuhiko Imaoka , Mayumi Nishimura , Kazuhiro Daino , Toshiaki Kokubo , Takamitsu Morioka , Yoshiya Shimada , Shizuko
Kakinuma

Effect of low dose rate Cs-137 gamma rays on rat mammary carcinogenesis

76

2017

60

2017

Tatsuhiko Imaoka , Mayumi Nishimura , Kazuhiro Daino , Ayaka Hosoki , Masaru Takabatake , Yukiko Nishimura , Toshiaki Kokubo
, Takamitsu Morioka , Yoshiya Shimada , Shizuko Kakinuma

Dose Rate Dependence of Rat Mammary Carcinogenesis Following Protracted y Ray Exposure

43rd Annual Meeting of the European Radiation Research Society

2017




Tatsuhiko Imaoka , Takamitsu Morioka , Yukiko Nishimura , Mutsumi Kaminishi , Masaru Takabatake , Daisuke lizuka , Ken-ichi
Kudo , Kazuhiro Daino , Mayumi Nishimura , Akinari Yokoya , Koichi Yamakawa , Makoto Aoyama , Hiroyuki Takuwa , Makoto
Higuchi , Shizuko Kakinuma

Illuminating Radiation Carcinogenesis with the Light of Quantum Technology

1st QST International Symposium

2017

Tatsuhiko Imaoka , Mayumi Nishimura , Kazuhiro Daino , Masaru Takabatake , Yukiko Nishimura , Hitomi Moriyama , Takamitsu
Morioka , Yoshiya Shimada , Shizuko Kakinuma

Experimental evaluation of the carcinogenic effect of carbon ions and neutrons in children

International Workshop on the Biological Effects of Radiation 2018

2018

25

2016

25

2016




28

27

2016

Stand at the crossroad and look

59

2016

2016

(Mashimo Tomoji)

(80397554)

(12601)




(Daino Kazuhiro)

(90543299) (82502)
(Nishimura Mayumi)
(70218204) (82502)




