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Elucidation of radiation carcinogenesis mechanism aiming at advanced evaluation
of carcinogenesis risk due to exposure

Kakinuma, Shizuko
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We systematically explored genomic mutations caused by radiation exposure
using a globally valuable archive of tumor samples obtained from large-scale radiation
carcinogenesis experiments using mice and rats. As a result, from the analysis of medulloblastomas
and intestinal cancers in mutant mice with heterozygous mutations among tumors that were found to be

at risk for radiation exposure, we clarified that recombination including the causative gene region
is a characteristic genome mutation in spontaneously induced cancers, while interstitial deletion
is a characteristic genome mutation in tumors caused by radiation exposure. Furthermore,
interstitial deletion in the causative gene region was also observed in B lymphoma, T lymphoma, lung

tumors, and breast tumors that occurred in irradiated wild-type mice and rats and was found to be
common except for some carcinomas (such as liver cancer).



# XL C—19, F—19—1 (L&)
1. WFFEBRAA S DT 5

JL:FQE\ v NDONRAT J DERIENTEIRNATOI TV D, < OO0 AJRIKEL D38 50

0., BRIZEDE TR AAIZRIRT 250 TR b AR L /e > TE 72, B hOBATIE ’ﬁﬁ
@§< ?.H‘Eﬂﬂ’ji%ﬁ[ﬁ@ MNCEREEND L OREND DM (Tomasetti et al. Science 2017 355:1330).
v hDLGA. %%ﬁ)/ui@’fé ﬁﬁlﬁfﬁiﬁb@ﬁiﬁf@fﬁg[ﬂ@@fﬁﬁﬁg@@&?E%I@%\éﬁ)/vg.ﬁ)ff
TH1D, DADRKEFRFET DT EITEE L, FERAY R 7 ORHEERH D AIBFE DT, 2 L

TN TBROHER L %2 % DRBAER T EIITH = L& bICHETH 5, m%ﬁ&

XL FOEFRETIE., WEBEOBIMIEI BNRAY X
URA7 LEZTWWAH(0zasa et al. Radiat

7 DINGY % B RRAIE <

Res 2012 177:229), —Ji. 8% A=

%%i%#hgl%j/Fm%”fgé ;w@;M& %MZfiADwT
TEMKRERT RRAUTF—IUTHY WE BHEER, LR AME. REHERE.
SRR, BT <R () . BEGHE dEEmse L0 G REERGHETERIN)
@*ﬁiﬁ)\ N ONECHY R Sl L A L & _J PA DRSIELR AR
BRI RATC X 2, F8 A B 2 R L I dﬁbﬁjﬂﬂﬁ
727 ) NERORHRAZ T L, & b O BRATA LN AT BARERI

MRIED A Y 27 DHEE R T B R 5812 B,
D BBERIEET — 2 At 5, £
J LEEOERE b L BT T VA
UWNTZFE DS AR OFFBA | 23 AT BETED

-

RPAERICEDYRVHEETE
RO ABREDRRT

HEBEATEETIT L

1. MEHRRIERRNLEYS / LERRH
2. MEHRFED A DD FHERRE

BRI ZE & ATHE & 72 5, —
1 RS s SRR Y

2. WEOHM

AT T, B ERRD O R X < iz K v

AU A7 OEMAIFRD BT 23 Akl L OH I

I LA ) DEREMIT L, mig (SN

T HZ L TUTO 2 RERALNITHI L Rl B iR

& H E/‘jgf l./f:o TRk 0 EED f #x

1) Z23A U A2 Bl % HOHSIE < i J BE [ e

B2 7 ) DI OPRIR f_Prohl v932 PR ] “/7*"‘9

BOMRPIE < BRI ) AOERE LT, B = ———

BRI IE — B DS T DR Z A F D B HEYCT TUVIEDH) Mmﬁ\

ZDOEETHL NI > Tz THREXKE) ;?%g;j(),) vy 08 09 BEFHEE

(Ishida et al., Carcinogenesis, 2010, N eER - Msfrﬂlﬂa‘ﬁﬁ@x

Tsuruoka et al., Radiat Res, 2016) (X 2) Z % ﬁﬁ ﬁ ‘ﬁﬁtg@{j"m

HH AT D~ ADIES S & TEE O T e J

R L7, £7-. DNA @J%ﬁ?ﬁé%ﬁéhéﬁ&é%
BIRFEEORAIC LD TRAELRFDOAR] 1T
WTHRBRIT 5, 512, HEEREOREL Al
DUWTHRHT U, BERREF R 7 7 DR & Ol
FRTHEBAICIFET 200 b RFT 5,

2) WORRREREN T ) DEB O (BREHAERD AN
= A L) DR
T DNRFEFEEDONF E LT, DAMBIZEZEIND
DNA O HRR AR, S #R7n & CUIWF X172 DNA 2ME1E 1%
WL THALIZZ L TELDEER -, TDAT=R A
L LT, YR AT O—H RV 2 LBE L LRV IEFRE
[FRumfE S (non—homologous end joining. NHE]). F7-1%4)
WiRiRIZ~ A 7 aiRE o o—0/EWEEEL L 721 a2
ALTHEET A ~A 7T y—HBARELEE
(microhomology-mediated end joining., MME]) 2340540 T
W% (Ottaviani et al. Trends Genet 2014 30:85, X 3),
DNA FfE & OB X H B OBSN 2 50T 5 2 & T, Rk
BOBICEE LIEEREHEET 5, A TIL, BARRIE
DA, FTIHHBHERDAD S B, [HREIKREK X TFEE
LT DA LN S T2 AT DN T, DNA FfEAI
L VA U-BEX HELO DNA B ZRE L, (EEOMEZ S

BT 5, DAMILICENTHRBROEERB AN D,

X 2 Pﬂzﬁﬂ'ﬂﬂi <& ET%&%Z

AN

mn-homologous end joininh

(NHEJ)

B IREOY—EIEL

1 e

—

BREBHLLES

Mic rohomology-mediated
end joyning (MMEJ)

Y1 o0REOY—
&ﬂm& / &350
Jl 1\4@

[

= /

B3 DNA A CHEE
I B

Z DOE N SOV THER T D,




3. WDk

1) JESEORERAHRRARATIC J DR AU A7 DT

W N N FE T T CE U AEIET v b O KRB BE RN AERTEL L)
NDY T IVT —J14 7 (J-SHARE) [1] DFREE V=, RN AFEBRITHE ] U783, AR
BT ERGMMBEIRDHRFEDHE 1AL F1) ZHW o, A7 LANERL TV DB nF W% B
Wl LT, BEEERETTAD Ptchl ~Ta/RB~T AL BERAREETTNLVOER~< T R
Ape ~TF KB~ A Min v R) ZHN Tz, AL RZ A 7D BEC3FL < 7 AZFHE LT EE
DHH, MEEETHD T V8@, B U N, el X liflo X 4 75852 T
(2], FEDS A E RS Aot JERARARARNTIC L 0 bRz MR EEVE s () 23R Uiz, FLOSARIETE
FTHE LT, FFEMD Sprague-Dawley (SD) 7w b LD Copenhagen T v M@ 1 AL
SD/COPF1 X2 SD R D Breal™™ Z NI U= FLARESE O IR BEALRR AT 217 - 72,
FERRGTRE & SRR 1T < BEDEIS O b Rz MEEEME IR (M) 12DV T B RIE <1l Kk » TF
WA Y AT OIMDBTRD I ERBED Y T N% T ) MR O e Lie,

2) WA — 7 = 2 & W T B R S ) DI RO fRET

DOExr V—Ah—7 T AEHIC LY | BT REIEN ORI E BN OO N « R« ~T
2 EAMEOH R (LOH) 72 a1 OMRRICH B %2 5. 2 28R A5/ Lz, LOH fHTiE, F1
YT 52 L TRIEEE 22 D HERD PCRIES AWV [3], @7 LA Ll ) bng 7Y XA
YP— 32 (CGH) fMTIC LV . &4 AFEBICI 1T 5 DNA =2 B — 508 & 2B 625 L= (BT
2ab—7ER, BATIE L HDAWT 0zt —Fnidar—HEne225), @RNA > —F =R
fEATIC LD, 7 AOREEREICE AL DA EL AR LT,

3) DNA FfEEIC X DB E H OBLHIfiET

CGHIEIZTH J DRENFRD BT IEEICHOW T, REEB OB Z BT 572000 F v 7F v
—7ua—T%RHL (X—F v hr—r 2 R) W —7 =% —% T DNA A IS
LIABEAD— 7 = AEM 24T o 120 RNA > — 7 = o Z it TR BT 033RD b7~ s
WZOWTHE, =7 Ve PRI b VEBIICT T4 ~— 2 EEERTET H 2 L THE
STWBYF ) ME AR L, 5172 DNA Z0EKIED Y — 7 2o =%~ T, 7 ) AOEE
H OESI RN 2 LTz,

4. HFFERE

1) BEZEAE B ~ D R Ptehl ~T v R~ 7 A%, T~ <\ ERT 25 13 F Y
BARD PR ENFRE ST, 5IARFREOIEME L s T N~ T ATH D, TR
IESBITRAE LTINS ONWT, BEHEE < ICERT 2 PR Z BRI L TlIE < B
BEEVPALVI A7 OBBE IO o ~BE Ik DU 27 Ll LA Eash Rt
(RBE) k7, TRIREZIEEICT 5 2 & TG R TREKREENRD b, X
DIEBEEDENY A7 NI RIRE & 72 o 72, BRI < IR 5 R K E U A 7 fikr
WIS LT=ID COWRETH 5 (6],

2) HWidA : B6C3F1 ~ 0 AT <, RFEM, PHETRBNEZRAE LTS A (E) o
YR L B ARAEDRZRRE PYEFHREO RBE B 5202 Lz, Bid A DORARITHE
WARTE L7722 7203, FPEARRRIE < TRARANFEL /20 . U X7 OEMAED T,
FRELFRARARNT C, B L D KREZREWVITRD Do T2, LET B EWIE EEMEE )
VMERIDFR D BTz, 7 MENTCIE, 4 BYBARD Cdknz2b TSRO F IR LB Hive
(71,

3) B U /N : B6CIFL ~ 7 A2 4Gy DOH o ~HRIRRZICIAE LB U N (RIEK B i Y
VNE) DO b, FERETEEICH AR TRENCEAET D U LN, 4 BYEARD Paxb EIRD
IR L Jak3 DIRERZHE L CHHOZ L 2W BT L8], H o ~HIBE RO
DD B YU U/ERR, EOMOBE % RRBRIZHEE L B U U SJEIZOWT S 6 [ THFT A fk
T IR

4) T U /3 : B6C3F1 v 7 AT 4Gy O X FRIBHBZITHEELTT U U RO KR ERST ) A
R AL DEE LT, JERRE TITIE & A ERAE LW, BEERIE < IR K
L7e ) DERERFETE 2o Tz, ~T K~ T ADMNTT — 2 06 ez 2 4 7%
PSS IARTE L, PREIRKRIIBERAE ICEBEERT A FEN RSN 05, T U
PNIEOFIZ X A T ERRIRKS A TNRIGT D LB LTz, 1 s CTIE< %, 7 Bl
5 a U —HilR CHUIEHE SN ME S D M2 X A TOBEIGNBD L2 Eovn ., 7 i
DB CTHRBZ BNE T THRABIZEHEE L TWD Z EAVRIBE7=[9],

T U 2 EOJRIKEG T OIE < BHERKIFIE DO R AEA I = X DT OW T L7z, T U >~
INIEDJFIRE LIS < BFREETFEMERRO SN KR 1 o& LT, &% DRl
MO FEAERENERIC L > TERZRY . B 1D ORKNEZ OS2 FARERICT U
NIEDJRIRELEFTHD Pten NEETHHZ EHZALMC L0 AU T VU U NETY,



2 Ay FEE BT WA REREO~ 7 AE UEE, g ic k 29 /K
KITFER TERWELZ ARG L TRV [11], ~ 7 2AOBEEHERITY ) 2ERICKEL
HES L L EIRIBL TS,

A3 A : B6C3FL ~ 7 2 (1 #@iH) 12 3.8 Gy @ X FMRH B ICTAE LI ATF2N A & S4BT DO RT
B D ERARARARHT 21T, B THRARAEV AV RERBICEA T2 & FT-FRAZE
AR T, OHRAIE < 2SIEIART 2R L NASH AR DR N Aif 2omd 2 &, wfilc i U
— IR 242 = & 2 BT Lz [12], BTE, R A DT ) W BT 2 6
TWDN, FERKITEZHER SN TR,

W8 A - BB~ 7 2 C3B6FIMin = 7 & (Apd"™ =17 ) (2 8#h) 122Gy DH >~ RISt
BITHAE LT BB IERE O LOH 36 L OV= B —HUEiT 247V, FEMUREE CITkA 2 7 1 7 D &
T, BT Ape IO P RIKR L AR L-[13], 2O~ 2%, Ape DT AL KT L LA
MR LY R NERR L& fIE R X OEC B T = SRS LAl s 88 L
TRAMET DT EBHALNIR S TWND, REREIZEY BT = BIEOMIdD A%~
AraZAtr T aCREYL, DNA ZHiH UREHTICHWD Z L2k . 2 E TRIWED

L7 72 LOH <> CGH fEMT S FFEL L < AT IR 5 L 9 1272 o 72,

Min 72D Ape ZBRIT—IEETRIC L AT v AR THY  ~ra T4 FHAEDE
T AR R EFEOEILEZGHEAB L (J— RAL—) &8 Ape ¥ 2237 OFEH
WZ X DRBAIME RO THRET LTz, E5E Min ~ 7 ZAOMT TR L7, VA LT L
WEBRT UL EZHNTE T IA~—ZHANEZ LT Min<w U ATiL, EFTLILEER
T LJL®D RNA MREEIZHEB L TWT, BEIOFETTY — RAL—NHREL R DA =R
LAZHOWTHIO TR LT, BUHRRIRET 2 (2 R A  5 R R O FEE IS b [OOSR N B
BH03E D T ONWTH] & & AT ke L T B [14],

HANRA:SD Ty heaon—FrFy NOFLMET v MIHEHRRBEHIEAE LT-ANAT
I, 1, 2, 3B XS BYAIE LD O AT S BE 5 EE S T 2 & o i A
FEOHRIRENFRD DL, BInTRAEDK FICHEL WD Z EaWmE Lz[15 16],
(Nishimura 2021, 2022) SD Z#ED Breal®™ 7 » ks ZVERL L34 LTZH S A D Breal 18
WX =y h— AT BT o T2, B R TIETA N KX A TT LLVOIEERPHE S
NTWDER, ZOETIRTIE, HfEREREDIWT A )V REZATT LRSI TN D
ZLEHEMNC L, BEZOMD YT ) NERIZOWTELITRETFTH A[17]
AR THENT - RNA o — 27 =2 AT K DA BRI DWW T O IEES AT 2 B4R L
oo BUED & Z A, FlidA, T U VN, DA THMEER T OBEMIERINLTEY, S
SICH TN OBINEB L, A BELFDERA I =R LDITHONWTEE S BT & i
DD,

UbEaF LD L, BREBIRIES BICRAE LT-EEOEE THABEEMG & & Tefdko i
RICFER S, BEHREIZ ICRRT DY ) AEROFER T ENTE (F1), 1277
L. ZHE T L2 Clid, IR ARCBEBR TICEREZFEST U L ESCILS AT M
REDHERTERWEAELHDHEND, SOLRLMTBLETH D, £2, FRIKREDAERKA D
= XL RS SN2 A B G T ORBEB L O DA A B =X 2N T, ROFHFEHF
THAE L TH LT T D FETH 5,

F1. JBEZA 7I2BT 2803 <WEET D TRREOAHE

i) A B THHR R IE < ITE RS | references
5 PRI OF

ESR C3B6F1Ptchl”” O [4] [5] [6]
BN Fker 7 v b O [18]

Jiti s A B6C3F1 ~ ™7 & O [7]

B U & B6C3F1 <~ ™7 & O [2] [8]
WINZa B6C3F1 ~ ™7 & O [9] [10]
WINZaY B6 Mlhl1/~w =& | X [11]

JEDS A B6C3F1 <~ ™7 & X [12]

558 D3 A C3B6F14pctin/* O [13]

FLAS A SD/COPF1 T v k O [15] [16]
A A SD  Breal”™"” X [17]




References

[1] Morioka T., Blyth B.J., Imaoka T., Nishimura M., Takeshita H., Shimomura T., Ohtake J., Ishida A., Schofield P.,
Grosche B., Kulka U., Shimada Y., Yamada Y., Kakinuma S., Establishing the Japan-Store house of animal
radiobiology experiments (J-SHARE), a large-scale necropsy and histopathology archive providing international
access to important radiobiology data, Int J Radiat Biol, 95, 1372-1377, (2019).

[2] Tachibana H., Morioka T., Daino K., Shang Y., Ogawa M., Fujita M., Matsuura A., Nogawa H., Shimada Y.,
Kakinuma S., Early induction and increased risk of precursor B-cell neoplasms after exposure of infant or young-
adult mice to ionizing radiation, J Radiat Res, 61, 648-656, (2020).

[3] Shimada Y., Nishimura M., Kakinuma S., Okumoto M., Shiroishi T., Clifton K.H., Wakana S., Radiation-associated
loss of heterozygosity at the Znfnlal (Ikaros) locus on chromosome 11 in murine thymic lymphomas, Radiation
Research, 154, 293-300, (2000).

[4] Ishida Y., Takabatake T., Kakinuma S., Doi K., Yamauchi K., Kaminishi M., Kito S., Ohta Y., Amasaki Y., Moritake
H., Kokubo T., Nishimura M., Nishikawa T., Hino O., Shimada Y., Genomic and gene expression signatures of
radiation in medulloblastomas after low-dose irradiation in Ptchl heterozygous mice, Carcinogenesis, 31, 1694-
1701, (2010).

[5] Tsuruoka C., Blyth B.J., Morioka T., Kaminishi M., Shinagawa M., Shimada Y., Kakinuma S., Sensitive Detection
of Radiation-Induced Medulloblastomas after Acute or Protracted Gamma-Ray Exposures in Ptch1 Heterozygous
Mice Using a Radiation-Specific Molecular Signature, Radiat Res, 186, 407-414, (2016).

[6] Tsuruoka C., Kaminishi M., Shinagawa M., Shang Y., Amasaki Y., Shimada Y., Kakinuma S., High Relative
Biological Effectiveness of 2 MeV Fast Neutrons for Induction of Medulloblastoma in Ptchl+/- Mice with
Radiation-specific Deletion on Chromosome 13, Radiat Res, 196, 225-234, (2021).

[7] Suzuki K., Yamazaki S., Iwata K.I., Yamada Y., Morioka T., Daino K., Kaminishi M., Ogawa M., Shimada Y.,
Kakinuma S., Lung-Cancer Risk in Mice after Exposure to Gamma Rays, Carbon Ions or Neutrons: Egfr Pathway
Activation and Frequent Nuclear Abnormality, Radiat Res, 475-487, (2022).

[8] Tachibana H., Daino K., Ishikawa A., Morioka T., Shang Y., Ogawa M., Matsuura A., Shimada Y., Kakinuma S.,
Genomic profile of radiation-induced early-onset mouse B-cell lymphoma recapitulates features of Philadelphia
chromosome-like acute lymphoblastic leukemia in humans, Carcinogenesis, 693-703, (2022).

[9] Nakayama T., Sunaoshi M., Shang Y., Takahashi M., Saito T., Blyth B.J., Amasaki Y., Daino K., Shimada Y.,
Tachibana A., Kakinuma S., Calorie restriction alters the mechanisms of radiation-induced mouse thymic
lymphomagenesis, PLoS One, 18, €0280560, (2023).

[10] Sunaoshi M., Blyth B.J., Shang Y., Tsuruoka C., Morioka T., Shinagawa M., Ogawa M., Shimada Y., Tachibana
A., lizuka D., Kakinuma S., Post-Irradiation Thymic Regeneration in B6C3F1 Mice Is Age Dependent and
Modulated by Activation of the PI3K-AKT-mTOR Pathway, Biology (Basel), 11, 499, (2022).

[11] Daino K., Ishikawa A., Suga T., Amasaki Y., Kodama Y., Shang Y., Hirano-Sakairi S., Nishimura M., Nakata A.,
Yoshida M., Imai T., Shimada Y., Kakinuma S., Mutational landscape of T-cell lymphoma in mice lacking the DNA
mismatch repair gene Mlhl1: no synergism with ionizing radiation, Carcinogenesis, 40, 216-224, (2019).

[12] Shang Y., Morioka T., Daino K., Nakayama T., Nishimura M., Kakinuma S., lonizing radiation promotes, whereas
calorie restriction suppresses, NASH and hepatocellular carcinoma in mice, Int J Cancer, 153, 1529-1542, (2023).

[13] Yanagihara H., Morioka T., Yamazaki S., Yamada Y., Tachibana H., Daino K., Tsuruoka C., Amasaki Y., Kaminishi
M., Imaoka T., Kakinuma S., Interstitial deletion of the Apc locus in beta-catenin-overexpressing cells is a signature
of radiation-induced intestinal tumors in C3B6F1 ApcMin/+ mice, J Radiat Res, 64, 622-631, (2023).

[14] Semba R., Morioka T., Yanagihara H., Suzuki K., Tachibana H., Hamoya T., Horimoto Y., Imaoka T., Saito M.,
Kakinuma S., Arai M., Azithromycin induces read-through of the nonsense Apc allele and prevents intestinal
tumorigenesis in C3B6F1 Apc(Min/+) mice, Biomed Pharmacother, 164, 114968, (2023).

[15] Nishimura M., Daino K., Fukuda M., Tanaka 1., Moriyama H., Showler K., Nishimura Y., Takabatake M., Kokubo
T., Ishikawa A., Inoue K., Fukushi M., Kakinuma S., Imaoka T., Shimada Y., Development of mammary cancer in
gamma-irradiated F1 hybrids of susceptible Sprague-Dawley and resistant Copenhagen rats, with copy-number
losses that pinpoint potential tumor suppressors, PLoS One, 16, €0255968, (2021).

[16] Nishimura M., Imaoka T., Daino K., Nishimura Y., Kokubo T., Takabatake M., Kakinuma S., Shimada Y.,
Copenhagen Rats Display Dominantly Inherited Yet Non-uniform Resistance to Spontaneous, Radiation-induced,
and Chemically-induced Mammary Carcinogenesis, Anticancer Res, 42, 2415-2423, (2022).

[17] Nakamura Y., Kubota J., Nishimura Y., Nagata K., Nishimura M., Daino K., Ishikawa A., Kaneko T., Mashimo T.,
Kokubo T., Takabatake M., Inoue K., Fukushi M., Arai M., Saito M., Shimada Y., Kakinuma S., Imaoka T.,
Brcal(L63X) (/+) rat is a novel model of human BRCA1 deficiency displaying susceptibility to radiation-induced
mammary cancer, Cancer Sci, 113, 3362-3375, (2022).

[18] Kokubo T., Kakinuma S., Kobayashi T., Watanabe F., Iritani R., Tateno K., Nishimura M., Nishikawa T., Hino O.,
Shimada Y., Age dependence of radiation-induced renal cell carcinomas in an Eker rat model, Cancer Science, 101,
616-623, (2010).



12 11 3 10

Shang Yi Morioka Takamitsu Daino Kazuhiro Nakayama Takafumi Nishimura Mayumi Kakinuma 153

Shizuko

lonizing radiation promotes, whereas calorie restriction suppresses, NASH and hepatocellular 2023

carcinoma in mice

International Journal of Cancer 1529 1542
DOl

10.1002/ijc.34651

Yanagihara Hiromi Morioka Takamitsu Yamazaki Shunsuke Yamada Yutaka Tachibana Hirotaka 64

Daino Kazuhiro Tsuruoka Chizuru Amasaki Yoshiko Kaminishi Mutsumi Imaoka Tatsuhiko

Kakinuma Shizuko

Interstitial deletion of the Apc locus in  -catenin-overexpressing cells is a signature of 2023

radiation-induced intestinal tumors in C3B6F1 ApcMin/+ mice

Journal of Radiation Research 622 631
DOl

10.1093/jrr/rrad021

Semba Ryoko Morioka Takamitsu Yanagihara Hiromi Suzuki Kenshi Tachibana Hirotaka Hamoya 164

Takahiro Horimoto Yoshiya Imaoka Tatsuhiko Saito Mitsue Kakinuma Shizuko Arai Masami

Azithromycin induces read-through of the nonsense Apc allele and prevents intestinal 2023

tumorigenesis in C3B6F1 Apc/+ mice

Biomedicine &amp; Pharmacotherapy

114968 114968

DOl
10.1016/j .biopha.2023.114968

Suzuki Kenshi, Yamazaki Shunsuke, Iwata Ken-ichi, Yamada Yutaka, Morioka Takamitsu, Daino 198
Kazuhiro, Kaminishi Mutsumi, Ogawa Mari, Shimada Yoshiya, Kakinuma Shizuko

Lung-cancer risk in mice after exposure to gamma-rays, carbon ions or neutrons: Egfr pathway 2022
activation and frequent nuclear abnormality

Radiation Research 475 - 487

DOl
10.1667/RADE-21-00192.1




Tachibana Hirotaka, Daino Kazuhiro, Ishikawa Atsuko, Morioka Takamitsu, Shang Yi, Ogawa 43

Mari, Matsuura Akira, Shimada Yoshiya, Kakinuma Shizuko

Genomic profile of radiation-induced early-onset mouse B-cell lymphoma recapitulates features 2022

of Philadelphia chromosome-like acute lymphoblastic leukemia in humans

Carcinogenesis 693 - 703
DOl

10.1093/carcin/bgac034

Sunaoshi Masaaki, Benjamin Blyth, Shang Yi, Tsuruoka Chizuru, Morioka Takamitsu, Shinagawa 11

Mayumi, Ogawa Mari, Shimada Yoshiya, Tachibana Akira, lizuka Daisuke, Kakinuma Shizuko

Post-Irradiation Thymic Regeneration in B6C3F1 Mice Is Age Dependent and Modulated by 2022

Activation of the PI3K-AKT-mTOR Pathway

Biology 449
DOl

10.3390/biology11030449

Yuzuki Nakamura, Jo Kubota, Yukiko Nishimura, Kento Nagata, Mayumi Nishimura, Kazuhiro 113

Daino, Atsuko Ishikawa, Takehito Kaneko, Tomoji Mashimo, Toshiaki Kokubo, Masaru

Takabatake, Kazumasa Inoue, Masahiro F

Brcal”L63X/+ rat is a novel model of human BRCAl deficiency displaying susceptibility to 2022

radiation-induced mammary cancer

Cancer science 3362 - 3375
DOl

10.1111/cas. 15485

Nakayama Takafumi, Sunaoshi Masaaki, Shang Yi, Takahashi Mizuki, Saitoh Takato, Benjamin 18

Blyth, Amasaki Yoshiko, Daino Kazuhiro, Shimada Yoshiya, Tachibana Akira, Kakinuma Shizuko

Calorie restriction alters the mechanisms of radiation-induced mouse thymic lymphomagenesis 2023

PLOS ONE 1-18
DOl

10.1371/journal .pone.0280560




57

2022
228 - 241
DOl
Yokomizo Shinya, Nishimura Mayumi, Morioka Takamitsu, Enzaka Utako, Tsuruoka Chizuru, 36
Shang Yi, Nishimura Yukiko, Inoue Kazumasa, Fukushi Masahiro, Imaoka Tatsuhiko, Kakinuma
Shizuko, Shimada Yoshiya
Environmental enrichment increases radiation-induced apoptosis not spontaneous apotosis in 2022
mouse intestinal crypt cells
in vivo, 618 - 627
DOl
10.21873/invivo.12745
Tsuruoka Chizuru, Kaminishi Mutsumi, Shinagawa Mayumi, Shang Yi, Amasaki Yoshiko, Shimada 196
Yoshiya, Kakinuma Shizuko
High relative biological effectiveness of 2 MeV fast neutrons for induction of medulloblastoma 2021
in Ptchl+/- mice with radiation-specific deletion on chromosome 13
Radiation Research 225, 234
DOl
10.1667/RADE-20-00025. 1
Mayumi Nishimura, Kazuhiro Daino, Maki Fukuda, lkuya Tanaka, Hitomi Moriyama, Kaye 16
Showler, Yukiko Nishimura, Masaru Takabatake, Toshiaki Kokubo, Atsuko Ishikawa, Kazumasa
Inoue, Masahiro Fukushi, Shizuko Kakinuma, Tatsuhiko Imaoka, Yoshiya Shimada
Development of mammary cancer in y -irradiated F1 hybrids of susceptible Sprague-Dawley and 2021

resistant Copenhagen rats, with copy-number losses that pinpoint potential tumor suppressors.

PLoS One

12869, 12879

DOl
10.1371/journal .pone.0255968




89 7 21

Imaoka Tatsuhiko, Tsuruoka Chizuru, Suzuki Kenshi, Benjamin J. Blyth, Shang Yi, Daino Kazuhiro, Morioka Takamitsu, lizuka
Daisuke, Sunaoshi Masaaki, Ishikawa Atsuko, Amasaki Yoshiko, Nishimura Yukiko, Yamada Yutaka, Nishimura Mayumi, Shimada
Yoshiya, Kakinuma Shizuko

Cancer Risk From Space Radiation: Insights From Animal Studies

Biological Effects & Application of Radiation (BEAR) 2024, BEAR2024 Organizing Committee

2024

Imaoka Tatsuhiko, Nagata Kento, Nakamura Yuzuki, Nishimura Yukiko, Takabatake Masaru, Yamada Yutaka, Kai Michiaki, Daino
Kazuhiro, Nishimura Mayumi, Shimada Yoshiya, Kakinuma Shizuko

Individualizing radiation cancer risk: insights from animal studies

7th International Symposium on the System of Radiological Protection

2023

30 2023

2023

Read-through

30 2023

2023




50 2023

2023
Pax5
3 s
2023
B

37
2023

37

2023




37

2023

Molecular features of murine precursor B-cell lymphomas developed after gamma-ray or heavy-ion irradiation

66

2023

Exploring genomic aberrations in radiation-associated mammary carcinomas arising in the Brcal heterozygous mutant rat model

66

2023

60 ,

2023




2023 ERNA

2023

2023

Amasaki Yoshiko, Ishikawa Atsuko, Daino Kazuhiro, Morioka Takamitsu, Shang Yi, Tsuruoka Chizuru, Shimada Yoshiya, Kakinuma
Shizuko

Genome-wide mutational patterns in mouse T-cell lymphomas induced by a combination of X-rays and a chemical carcinogen

66

2023

Shang Yi, Morioka Takamitsu, Tsuruoka Chizuru, Sunaoshi Masaaki, Amasaki Yoshiko, Kakinuma Shizuko

Influence of adulthood diet-induced obesity (DIO) on tumorigenesis and tumor development after early life exposure to
radiation

66

2023




Search for molecular indicators for risk assessment of radiation-induced cancer by genomic analysis

66

2023

30 2023

2023

Sunaoshi Masaaki, Takahashi Erika, Amasaki Yoshiko, Daino Kazuhiro, Nishimura Mayumi, Shimada Yoshiya, lizuka Daisuke,
Kakinuma Shizuko

The mechanistic analysis of carbon-ion induced mouse thymic lymphoma; Involvement of aberrant expression of Grbl0 with
carcinogenesis

66

2023

Kakinuma Shizuko, Yanagihara Hiromi, Nakayama Takafumi, Tachibana Hirotaka, Sunaoshi Masaaki, Daino Kazuhiro, Morioka
Takamitsu, Tsuruoka Chizuru, Shang Yi, Imaoka Tatsuhiko, Shimada Yoshiya

Interstitial deletion is a radiation signature in tumors of various animal models

17th International Congress for Radiation Research, International Congress for Radiation Research

2023




Ishikawa Atsuko, Daino Kazuhiro, Suzuki Kenshi, Yanagihara Hiromi, Morioka Takamitsu, Amasaki Yoshiko, Nishimura Mayumi,
Kakinuma Shizuko

Genomic structure analysis of radiation-induced rat mammary carcinoma

66

2023

Daino Kazuhiro, Ishikawa Atsuko, Suzuki Kenshi, Yanagihara Hiromi, Morioka Takamitsu, Amasaki Yoshiko, Nishimura Mayumi,
Kakinuma Shizuko

Radiation-related genomic alterations in rat mammary carcinomas

66

2023

Elucidation of the developmental mechanism for radiation-induced medulloblastoma

66

2023

Roles of the Pax5 gene in radiation-induced mouse B-ALL B-ALL Pax5
66

2023




Yanagihara Hiromi, Morioka Takamitsu, Yamada Yutaka, Tachikawa Megumi, Tachibana Hirotaka, Daino Kazuhiro, Tsuruoka Chizuru,
Amasaki Yoshiko, Imaoka Tatsuhiko, Kakinuma Shizuko

Evaluation of carcinogenesis of low dose and low dose rate radiation using radiation induced tumor identification method in
C3B6F1 ApcMin/+ Mice

66

2023

Effects of combined exposure to radiation and inflammation on colon tumorigenesis in MIhl-deficient mice

66

2023

Brcal Brcal

30 2023

2023

Tachibana Hirotaka, Daino Kazuhiro, Morioka Takamitsu, Shang Yi, Tsuruoka Chizuru, Ishikawa Atsuko, Shimada Yoshiya,
Kakinuma Shizuko

Dynamics of Pax5 deficient cells in B-cell lymphomagenesis in gamma-irradiated B6C3F1 mice

82 ,

2023




ERNA

2023

Amano Kenta, Tachibana Hirotaka, Tsuruoka Chizuru, Daino Kazuhiro, Morioka Takamitsu, Shang Yi, Ishikawa Atsuko, Matsuura
Akira, Kakinuma Shizuko

Molecular characterization of precursor B-cell lymphomas developed in mice after heavy-ion irradiation by comparison with
gamma-ray-induced and spontaneous cases.

17th International Congress for Radiation Research, International Congress for Radiation Research

2023

Amasaki Yoshiko, Ishikawa Atsuko, Daino Kazuhiro, Morioka Takamitsu, Shang Yi, Tsuruoka Chizuru, Shimada Yoshiya, Kakinuma
Shizuko

Differences in the mutational pattern of mouse T-cell lymphomas induced by X-rays and/or a chemical carcinogen

17th International Congress for Radiation Research, International Congress for Radiation Research

2023

Tsuruoka Chizuru, Morioka Takamitsu, Kaminishi Mutsumi, Shang Yi, Shinagawa Mayumi, Kakinuma Shizuko

Effect of radiation quality on the radiation-induced basal cell carcinoma in Ptchl+/- mice

17th International Congress for Radiation Research, International Congress for Radiation Research

2023




Shang Yi, Morioka Takamitsu, Daino Kazuhiro, Nishimura Mayumi, Kakinuma Shizuko

lonizing radiation promotes NASH and hepatocellular carcinoma in mice

17th International Congress for Radiation Research, International Congress for Radiation Research

2023

Brcal

2023

B-ALL

2023

35 ,

2022




Brcal

2022

Shimada Yoshiya, Nishimura Mayumi, Imaoka Tatsuhiko, Kakinuma Shizuko

Perspectives of developmental biology on assessing susceptibility from early-life exposure to radiation

81
2022
36
2022
B
36

2022




Evaluation of the carbon-ion induction of medulloblastoma in Ptchl heterozygous mice

65

2022

Yanagihara Hiromi, Morioka Takamitsu, Yamada Yutaka, Tachibana Hirotaka, Daino Kazuhiro, Tsuruoka Chizuru, Amasaki
Yoshiko, Imaoka Tatsuhiko, Kakinuma Shizuko

Analyses the mutational signature of radiation induced intestinal tumors in Apc Min/+ mice

65

2022

Genomic studies of radiation-induced tumors for cancer risk assessment from low-dose and low-dose-rate radiation

65

2022

Molecular mechanisms underlying the development of preleukemic cells and subsequent rapid B-cell leukemogenesis by radiation
exposure in mice

65

2022




Evaluation of cancer risk in space simulated environment using APCMin / + mice

COSPAR 2022 44th Scientific assembly

2022

59 ;

2022

Brcal Brcall63X/+

59 ;

2022

ApcMin/+

34

2022




Suzuki Kenshi, Yanagihara Hiromi, Morioka Takamitsu

Risk assessment of gastrointestinal tumors induced by low-dose / low-dose-rate radiation and it characteristics

ERAN Annual Report Meeting for FY2022

2022
Grb10
2
2022
NASH
95
2022

Yamada Yutaka, Morioka Takamitsu, Shang Yi, Kakinuma Shizuko, Imaoka Tatsuhiko, Shimada Yoshiya

Experimental study on organ-specific tumorigenic effects of childhood exposure from low-dose-rate radiation

ICRP2021+1 , International Commission on Radiological Protection (ICRP)

2022




Morioka Takamitsu, Yamada Yutaka, Yoshika Kin, Nishimura Mayumi, Imaoka Tatsuhiko, Shimada Yoshiya, Kakinuma Shizuko

Outcomes of collaborative radiation effect researches conducted using the J-SHARE data archive constructed by QST-NIRS

ICRP2021+1 , International Commission on Radiological Protection (ICRP)

2022

Kakinuma Shizuko, Imaoka Tatsuhiko, Tsuruoka Chizuru, Suzuki Kenshi, Morioka Takamitsu, Shang Yi, Daino Kazuhiro,
Sunaoshi Masaaki, lizuka Daisuke, Amasaki Yoshiko, Nishimura Mayumi, Yamada Yutaka, Shimada Yoshiya

Effect of age at exposure on RBE of carbon ions and neutrons regarding tumor induction in experimental animals

ICRP2021+1 , International Commission on Radiological Protection (ICRP)

2022

Tachibana Hirotaka, Daino Kazuhiro, Ishikawa Atsuko, Morioka Takamitsu, Shang Yi, Akira Matsuura, Imaoka Tatsuhiko,
Shimada Yoshiya, Kakinuma Shizuko

Pax5 and Jak3 are paired driver genes of radiation-induced mouse precursor B-cell lymphomas - a candidate indicator to
distinguish radiation-induced and spontaneous B-cell leukaemia

ICRP2021+1 , International Commission on Radiological Protection (ICRP)

2022

Nakamura Yuzuki, Daino Kazuhiro, Kakinuma Shizuko, Imaoka Tatsuhiko

Genomic analysis of radiation-induced breast cancer in the BrcalL63X/+ rat model

International Mini Workshop on Low Dose and Low Dose-Rate Radiation Research

2022




Amano Kenta, Tachibana Hirotaka, Tsuruoka Chizuru, Daino Kazuhiro, Morioka Takamitsu, Matsuura Akira, Kakinuma Shizuko

Molecular analysis of precursor B-cell lymphoma developed in mice irradiated with gamma-rays and heavy-ions

International Mini Workshop on Low Dose and Low Dose-Rate Radiation Research

2022

Yanagihara Hiromi, Yamazaki Shunsuke, Yamada Yutaka, Morioka Takamitsu, Tsuruoka Chizuru, Amasaki Yoshiko, Kaminishi
Mutsumi, Kakinuma Shizuko

Development of a method to discriminate radiation-induced intestinal tumors of C3B6F1ApcMin/+ mice

International Mini Workshop on Low Dose and Low Dose-Rate Radiation Research

2022

Tachibana Hirotaka, Daino Kazuhiro, Morioka Takamitsu, Shang Yi, Tsuruoka Chizuru, lizuka Daisuke, Ishikawa Atsuko,
Shimada Yoshiya, Kakinuma Shizuko

Genomic profile of radiation-induced mouse B-cell lymphoma is similar to that of Philadelphia chromosome-like B-cell
leukemia

International Mini Workshop on Low Dose and Low Dose-Rate Radiation Research

2022

Suzuki Kenshi, Daino Kazuhiro, Morioka Takamitsu, Kakinuma Shizuko

Lung cancer risk in mice after low-dose and low-dose-rate irradiation

International Mini Workshop on Low Dose and Low Dose-Rate Radiation Research

2022




Genomic alterations in spontaneous and high/low dose rate radiation-induced hepatocellular carcinoma in B6C3F1 mice

81

2022

Nakamura Yuzuki, Daino Kazuhiro, Ishikawa Atsuko, Kakinuma Shizuko, Imaoka Tatsuhiko

Genomic analysis of breast cancer in the BrcallL63X/+ rat model

81

2022

Genomic profile of radiation-induced mouse B-cell leukemia/lymphoma is similar to Philadelphia chromosome-like leukemia

81

2022

Molecular analysis of the mechanism for development of heavy ion-nduced thymic lymphoma in B6C3F1 mice

65

2022




Lung cancer risk in mice after low-dose and low-dose-rate irradiation

65

2022

Sunaoshi Masaaki, Benjamin Blyth, Shang Yi, Tsuruoka Chizuru, Morioka Takamitsu, Amasaki Yoshiko,
Ogawa Mari, Nishimura Mayumi, Shimada Yoshiya, Tachibana Akira, Imaoka Tatsuhiko, lizuka Daisuke,

Shinagawa Mayumi,
Kakinuma Shizuko

Age modifies radiation-induced thymic lymphomagenesis in B6C3F1 mice: the underlying mechanisms

Workshop Individual Response to lonizing Radiation,

2022
NASH NASH
29 45
2022

Genomic mutation analysis of precancerous lesions in radiation-induced medulloblastoma

19

2022




(ERAN)

2022

Characteristic genetic abnormalities revealed by genomic analysis of radiation-induced cancer

JEMS 51

2022

58

2021

DNA

2021




LET

35

2021

B LET RBE
35

2021

Watanabe Hikaru, Daino Kazuhiro, Ishikawa Atsuko, Imaoka Tatsuhiko, Nishimura Mayumi, Takabatake Masaru,
Kazumasa, Fukushi Masahiro, Kakinuma Shizuko

Inoue

Identification of fusion genes in radiation-induced rat mammary carcinomas by RNA sequencing analysis RNA

64

2021

Analysis of DNA Breakpoint Junction Sequences in Radiation-Induced Mouse Thymic Lymphomas

64

2021




Genomic DNA copy number alterations in

B-cell lymphoma developed in mice exposed to gamma-rays

64

2021

2021

58

2021

RNA

58

2021




DNA

58

2021

58

2021

Identification of fusion genes in radiation-induced rat mammary carcinomas using RNA sequencing

38 1

2021

2021




2021

Suzuki Kenshi, Morioka Takamitsu, Daino Kazuhiro, Yamada Yutaka, Imaoka Tatsuhiko, Shimada Yoshiya, Kakinuma Shizuko

Lung cancer risk in mice irradiated at different LET and its mechanism: Egfr pathway activation and nuclear aberration

80

2021

Watanabe Hikaru, Daino Kazuhiro, Ishikawa Atsuko, Imaoka Tatsuhiko, Nishimura Mayumi, Takabatake Masaru, Inoue
Kazumasa, Fukushi Masahiro, Kakinuma Shizuko

Identification of fusion genes in rat mammary carcinomas induced by radiation using RNA sequencing

30th ANNIVERSARY International Symposium 2021 in Aomori

2021

Tachibana Hirotaka, Daino Kazuhiro, Ishikawa Atsuko, Morioka Takamitsu, Shang Yi, Matsuura Akira, Shimada Yoshiya,
Kakinuma Shizuko

Molecular signatures of radiation-induced mouse precursor B-cell lymphoma

30th ANNIVERSARY International Symposium 2021 in Aomori

2021




Suzuki Kenshi, Daino Kazuhiro, Morioka Takamitsu, Kakinuma Shizuko

Lung cancer risk in mice after low-dose-rate irradiation

64

2021

(Shang Yi)

(50533189) (82502)

(Tsuruoka Chizuru)

(60415411) (82502)

(Morioka Takamitsu)

(70253961) (82502)

(Daino Kazuhiro)

(90543299) (82502)




(Amano Kenta)

(Nakamura Yuzuki)

(Imaoka Tatsuhiko)

(40356134) (82502)
(Ishikawa Atsuko)

(30443063) (82502)
(Sunaoshi Masaaki)

(70756030) (82502)
(Suzuki Kenshi)

(20726442) (82502)
(Yanagihara Hiromi)

(50719474) (82502)
(Tachibana Hirotaka)

(30985065) (82641)







