UMIHETAEIR) OFEREHIIETIE DNA [EEIENE, & D VIR 2 PR3 2 1E MA@ O Al
PEZR LTS, 8%, BASHERESMI CITMRE ISR E > T 2 & IRIEHIE IS CBl
ZINDH/KEYET DNA HBIESEDIERSHEL VIR Lnn | & ZBIG 2 52T o ikl ia 348
PSP SN TW D AN RIB S D,

vV fbwh

(AR =R (1.75Gy/min) HU 2~3Gy CTAAN O#FRRERAEAE 1112 DNA 8153388 HavTz, K AR i,
MERECOMZATREL 75720, MILROEBEEMSLIEL 70D, RKEE (HDHVIFAER) ©
HORBIGEEN R D 2 LAVR SN, Sk, EREE T HFEOBEVIBIZE SN D0, S E K
B, . ZTOEWOLE U HHERIAE1T O,

VI RAFEBELA R D]

K VKRR E - (REREFR T DNA BEBEEZREE T o720, 7r—HA P XA U —EOERE(L
w179, Fio, k& RIROMREMIE TH LN LT ) MREIGEDEVD, RERTHEE S
D0 BNEREATO, SHIZ, BEBRTHADLND Y/ LRGBS GO 7o rikaiia o
PEBR TR T & 2 et W TRGET %,

Z ORFFEICBT B BIE E TOMITIRDL, FE4E
Brlz7e L,

51 Scik
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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

A somatic stem cell has the specific roles to maintain and repair tissue in a living organ. Because of the
characteristics, damage in stem cell may be accumulated by long-term exposure of low dose radiation.
However, the influence of the stem cell after low dose irradiation has not been elucidated. In this study, to
assess the influence of the radiation on a neural stem cell (NSC) which is one of tissue stem cells ex vivo,
we verified the accumulation of DNA damage response and chromosome aberration. In previous study, we
showed that increase of DNA damage caused by acute irradiation (500mGy/min) has dose dependency in
adult mouse NSC ex vivo. In this study, we tried to elucidate whether this dose-dependency appear in low
dose rate irradiation (~2mGy/min) or not. We estimated DNA damage of NSC harvested from mouse
which was exposed to clonic radiation (1.75mGy/min). The frequency of gamma-H2AX foci increased at
2~3 Gy radiation accumulation. Furthermore, using pregnant mouse, it was revealed that DNA damage
response differed between adult and developmental NSC. In both of gamma H2Ax focus and FISH analysis,
even if six week had passed after irradiation, DNA damage was observed in adult NSC. However, not in
embryonic NSC. Especially, in hydrocephalus mouse, which occurred high frequently (20%~) in this
radiation dose, DNA damage was less than background.
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(R B ORI i A R BFIE DRI & LD 5 575> 2
— B FEERIC KD RGRE— (2B DS
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JFUBBRE TR SN D E AR EE L 7- £ T, m%ﬁ%%ﬁbmﬁ%%®uzﬁ®ﬁ
FAEFBEL TS EHRESIN TS, AFFETIX, T /VEMWI(SHR ; & B SRR
k3 L OV SHRSP ; iz ¢%%riﬁmfﬁﬁ%r7yM%%wt%%_iwiﬁitr/
ZEWEET D & L bIT, R R RIR T O R RN R SN D A HEET 5, 5
& LTIE, SHRSP & M 72 F2BR ClIM A ARIEIR O SERF £ 72 135 m 4. —J7. SHR
TIHIMEMED EFRFB X7 F—IZE LZBEOmEHEE WD, £72, WRKED 7 v
NERERBETHZ LIk b, BE RSN, APNE(LE OMEEZR<5, &
2, BUBHHRE OB O EE BICRATMIENA A~ — I —%EELE LTHWS Z LT
K0 IR 72 H B CLIMERAEZ b 70T EHLNNIT 5, 20T —F %
WA LT, BaHRE L DERZE & OBIRER X OREHRDS O L OIS RE 2 2§
Dy, FOEFIZONWTHRD, TORRLID, BEOWINEIREDIHIEL N ED L S 72E
RIZH 2D EMEIT 5 & L MEWRE & A7 BICHBE 3 5 FdS#i & B B FEET 5008
PMRFET D,

F—U— R :BET NV, ElE, BT ODRE BRI Ok
WHIEE T 0 - EE RS - ARMEEN BRI e
KA %DEE- NIEETEN RGBT e B AR
=f CNERMEREN O BGRREEITERT WHER
& %% ANIEMETEN RGBT ERT  RETEE R

&

I WHEE/

TG AR O YRR B OB & DIMEIRZE Y A 7 OEINBSEB T 20 G 27 LB %
W EBCRTHEET 5, S DICET VKT DMBNRO NN Z —2 | BIUORIET 5
F CORTFERAT 5,

T OFERIT, BEFERESICHEVE UREGRIIX OER, T ORYEEE, &
M FR 1R (B VESEE TRTT 2 ARG B L CR AR ARt cE 2 b0 L HIfF LT D
I #F7EiE

R B O 7= > TlL, SHRSP # b MERIIEEOET LEME L THWS
5ERDOAADT » MZ 025Gy, 0.5Gy, 0.75Gy BXL W 1.0Gy DA »~#a K45, IE
S 7 v FaextlEiEE LCHWD, ZOMRIZLITO @Y OFEIC LY EESh b, 1)
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T AR & T2 FE ; 7 v MMZEPEER ORIER 28R L0 b BIRET 5 £ T
BT 5, 2) AT 2 LM RE O AT 2 #EET 5 7o OB RIS L
WM ASA A~ — D —EEEfT D, ZHIMERTDHMERZS5720, 7 MI—
ER(RE % S HEDE B, FEE T CamM AL, ZREIEDL, IKERKRFETT v b
TR IR 3 L OMAE 24TV, BREERL PR SU AT R BRI & FE i 5, WIERIS &7
% MRS A A~ — T — TG TR 2 %15 & L CTHENE ST 2 R REFEF A (AHS)
THSRELE AR Z R LT 36 FETH D,

5 D727 — # 1% Kaplan-Meier 17 ii#t, #EEIRE T L, Cox E7 /L7 &% HWTHE
SHERAT ATV, KRR T O MR R & DR & OFBICOWTHEET B & & b,
fE 78 & ORI SN T DR B OB ONWTE LT 5,

(fiy BRI~ DAL fE)

WL, B MEERRE LTT 2 O TIHRW, BERICE L TE, IESEOUA
B RSNV FERAEEHAE S, T OFFE X OVEBICRE 3 2 15 W ONT TSRERENM) Ofii 3
K ORI ON R ORI B9~ 2 JE ) (TRl TAT 9 2 & &35, 1T 9 B ERRSE 1308
HORBRFHO L OTH Y, KB, MERICREOH S b0 LT b,

T AFEhs R

Fx X TIRERICIBNT, XRT > M 1Gy L EZBE L72T v hCTEER M
DREREEBE LT, IS, RS T > MCBE SN K, O, BIRICAEC-ER R ED
AT HREE THL Z EEHALMNICILE (R 1, 2), {t-oT, 20T
JVENY R IR R & D ME R A OB A BT HIiE, Rb#E LI RO—DEE XD
nNod, KEFETIEZ, AT 47 ar ba—n b UCOERRIEEZ, RYT 7 ar ba—L
ELT1Gy e R, 7 A MREL L T0.25, 0535 L0.75Gy DitdHir % B L7-#E%
MAWTHEBREITo 72, BUE, HmREZBOE LEERPETL T, 2 E TSRS
AR L7727 v MW TP EROIERFIER 2 50 BRI LA RIS ED Z &
oo Te, O —2OWET —~Th b, MR O/ A~ —T—%WE LIS
DA 72 2K COMAE A % b 72 30 ZRIT 5 72 OERIT MK S A A~ — T —
DRERMENRE TE 2O TR 21T TETH D, WERRITETHFTH D,

IV 5%

AW %28 U T, 0.25~0.75Gy (2353 1F D SR B DWW T — & 2455
DD, ZORFFET, K VKR 5(0.25Cy A D EOMFT N FIRE T 5 Z & AVHIA AU,
BUEAR Sk TS 22 > TV D R EICBA L THOEERMANE LN LR
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AW FEFH A 38D T THUERR O DI E R~ DB ~D Z L3 kD LB D
nos,

VI YA EE LARE oG8

@26 R AT, 25 EEICH1HEE SHRSP % A\ T OMMZE FARER OFIE R3S K OV
HHIELETHER, O A~ — I —ORER LORBRBEEZITH), ZORBRTHNHMR
SH#tElE, 0.25,0.5,0.75 % L C 1.0Gy, &HEOILHIFIO TIXEHRE 25 B, @ TIE4&#E 10 T
ETELTWD, OTIERTOT v hORMAEHPERIER OFIER 28122 U<, HEOHM
[CPEWRIERFIAN RS 2032 FET 5, I, HEMERDL L & HITRERR LTV
DFERDHEE BT Do @ TIEL, MAEHERIER Z 2T 5 EATO MK % 8 W HGRED IR IV
RENZETDT v MOFER ATV, 4, B, Dk, M2 72 & Ok T ORI RESH,
AR BEA AL SRR K 0 I () SR ENERGET S, MR A BRELL T8 A
F~—H—%P 5, OB L TE—HEHRER 20 DO FEBIIE T L, B OFRIERE
IR BRI RERICEREL TV D ZERHL MR o7z, BIfE, LV ERE/efE R4
DT v POBAEESL LI EREMGH TH D, @OITB L TIE, BEICAMRORiK
%533 K OMFR) U 72 lifids) O BUSIIR T LT IR BRI AR IC 35 1 DAk b Y, R R
RN A ESE R Th D, @26 FEZ L, QDB OFEFR B I X TR O 21T 5,
QOIRER B ORERZ H L1, HUR#R & FHBIT 2 LA DFIE A B = X L O %17
9o [FFFCEASE A2OMEE AT, A d~—D—DRIEEIT D, . FUREE O
RS A~ — I —ORAEIL, A RREE & BRI E O 2 (b2 & o0 EH A OIER & D
BOMINCHE R CTh o7z, Hut#i & & MR RBIERI 02, A A ~—h—OfE, ik
JRELEIERE A L7 & OFRIE & OB A SEEHIC AT 95, B2, SHR 27 LVE L L
TeRfGE 2 HT- oS e b B D, 20 SHR 2 AW FEBRIC K0 | FEHRRAS I EAE 38 K IEd 5%
BAEM~5L L blc, SHRSP L RERREELZFHRLZ LIk 20T EZH N T 5,
SHRSP #3 X O SHR % AW T, H3k2 721 RV BRE O Bl s 3 OMECHR & 38 iR oo i 28k
ERARDTDDOTRFERE MDD, @27 FE T, 26 FEOFER A HI, K&l LUK
MEROEREZITV, BEIZBIT D L5 IR E - KR EFEO IR & O ERE & O
B2 % 7= OEERRI KO R REEH 72 E 2T 5, AWFRIE, KR E0.1Gy K
i) BB D HHR O U B RE~DFBE BB LN D EIND,

Z OWFFEIC BT 2 BIE £ TORFERDL, FEh

5| SR

Takahashi I, Ohishi W, Mettler Jr FA, Ozasa K, Jacob P, Ban N, Lipshultz SE, Stewart
FA, Nabika T, Niwa Y, Takahashi N, Akahoshi M, Kodama K, Shore RE, and The
International Radiation and Cardiovascular Disease Workshop Participants. A Report
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from the 2013 International Workshop: Radiation and Cardiovascular Disease,
Hiroshima, Japan. J Radiol Prot, 2013; 33(4):869-80.

EAE BIRR. PR BREE. U EREEBORIEY A7 & EIF T\ A -E T LE &
L C® SHRSP M Y) -, SHR Aff 4223, News Letters, 2014, in press.
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MR 1. JRERER OB

Dose (Gy)
1 2 4
Aorta Atherosclerosis ND ND 4 =
Heart | Cardiac muscle Inflammation 1 14 11
(myocarditis)
- Myocardial fibrosis 0 re r e

Arteries (coronary) Fibrinoid
(degeneration/necrosis) 1 ree r e

Kidney Arteries and arterioles Periarteritis ND + 4 R

Brain Hemorrhage 14 14 14

Spleen  White pulp arteries Medial hyperplasia ND M M

Intestine  Small arteries Fibrinoid necrosis and/or ND ND 111
periarteritis

ND: Not different from 0 Gy control
Severity of lesion: 1‘ mild, 1‘ 1‘ moderate, 1‘ 1‘ 1‘ severe
*Severe atherosclerosis was observed in 1 out of 8 SHRSP irradiated with 4 Gy

fER 2. FFANAR AR

Kaplan-Meier (KM) survival curves

1.00 — o
L 0Gy control

0.75 —
3
8 — %
e 1Gy; P=0.022
S o050 —
=) /
@ 0.25

o 2Gy; P=0.0006"
0.00 L1 | | | | | | |
0 25 50 75 100 125 150 175

Time (Days after irradiation)

205



Can lower-dose radiation cause the circulatory disease?

-Assessment using animal models-

Yasuharu Niwa?, Hideko Murakami?, Waka Ohishi®, Munechika Misumi® and Norio
Takahashi®

Department of Radiobiology/Molecular Epidemiology, "Clinical Studies, “Statistics and “Consultant,

Radiation Effects Research Foundation (RERF), Hiroshima
Keywords: Model animal, Hypertension, Stroke, Circulatory disease, Radiation effects

Previous findings from the LSS and AHS indicated that radiation may be associated
with increased risk of hypertension, possibly leading to cardiovascular diseases (CVD),
such as hypertensive heart disease and stroke. On the other hand, inconsistencies have
been observed among various studies of low-dose occupational and environmental
exposures. Given the uncertainties, a study using irradiated model animals is being
conducted to assess whether or not risk of CVD is elevated with increasing radiation
dose.

Stroke prone spontaneous hypertensive rats (SHRSP) were used as the model

animal in the study. Male rats were irradiated by gamma-rays at levels of 0.25, 0.5, 0.75,
and 1Gy, with sham unirradiated rats used as a control group. The study used two
protocols: 1) rats were kept until natural death to obtain their life span after observing
stroke onset time; and 2) in order to obtain fresh samples for conducting pathological
analyses, rats were euthanized at 8 weeks after irradiation.
The results can be summarized as follows: 1) The onset time of stroke-like symptom
was statistically significant accelerated among irradiated rats compared with
unirradiated rats until now, and 2) pathological observation is now going on. In addition,
we plan to measure 36 candidate biomarkers for radiation effects that parallel those
investigated in our AHS radiation studies.

In addition to the studies using SHRSP, we plan to start the experiments using SHR
(spontaneous hypertensive rat) to assess the evidence for radiation-associated risk for
hypertension among atomic-bomb survivors. From our experiences, the study-system of
SHRSP rats might not be appropriate to assess relation between the blood pressure
alterations and radiation exposure. Thus, we will use SHR rats for the purpose where
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measurement of blood biomarkers and pathological examination will be conducted as
well as measurement of blood pressure.

From these animal model studies, 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.

As additional information, we also gave an invited presentation of the study at the
2013 MELODI (Multidisciplinary European Low Dose Initiative) Workshop in Brussels,
Belgium that generated considerable interest.
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BAMEB) Z il IR S 07 kD IR RS EZALIC B9 2 B £ 7 LB gE
RIFFEHR R AR BRI R e v & — - 7 r s T 0 Y —4—)

T E

B ROREMERRICE N T, FHHIZFA TORBAHIR I N TND 2 &7 PR A BN
E0 . BOKEHIA L RAEZITTCND, R, vV RAEMSTARICEN T, HIRR RIS
LB A ML AE B 252 EI28 0 4Gy FREHEZ OB N A DS ERE £ 5 LT DA
R &7 (Feng &, PNAS, 109, 7013-7018, 2012) , AL, K~ 22 HW\WTA
EAREA U E N OZEORIRNT ATV, L0 ARWBRE O BRI R 2 DB A R LR
DEBZFMTHE L BT, DA RL AL DNABERLEOEEEZAL /NI ZE2H
BELTWD, TDO, 5~ A& MAWT6RB/HOR%Z 28 HREfTH> £ & bic, 7THH
(2 4Gy O XRIBI 21T o7, FEMRGT~ 7 A OMREITIFIT 1968 CEARIZEM Lot L, 3E
PRI R~ ¥ A ORI H R B AT 3 AR L7zt K9 0596 CHIM L 7=, FRE~ 7 2Dk
X, WAEE, JEAEE S BT 7 HH O 4Gy BN L0 —@MEICIR T L7eAy, 2 O%ITIERE I
CIRIERBROBEINERTHM L7z, 28 H M OMFLERE, ~ ¥ A 3fE LTk, Fg, KEREE
BE. NFIEE&E 2B 7=, ZhE ClolEse i, migk, mhymibimr:, KREREEsMaic i
DVERRE, IO A T o7, T OREER. 1) B CIEMSIC XV HEZRZEHME (1 50%) |
R C I ERIC L 0 ZHEOMEm (9 15%) NEEEsh s Z &, 2) AifEkEk, ARiEkd, Mk
B LU MRELIZ BT 4Gy FRETEE CHEZR B D BIE2 S, 6 REEH O ORI L - THIH
DY HEMMA RGNS Z &, 3) MEHECH T 2RO R IT /MR CRAMEM A R 6 b Z &
4) 4Gy HBHHZ L 0 ZYMRIMERE OB BB PBR SN D — )7, BB IEREREE B OICE
WTHIROEEIIBIER I NN 2 & 5) 4Gy FREHNC L 2/ MEEE DR BN B SN b
DD, BHEFELIEBHEEED HIZBWTHMROBEIIBLZE I N2 2 &, 6) Il 8-oxo-deoxy-
Guanine (8OHAG) A EHIFE D FL 1T, A E 2T O O oRE & JEH R RE & b ISR X 51
IMOERABIEE SN D 2 L. 7) 8OHAG BBIEMIIAD FLaRI%, A BTN G O O RRSEE & WS
ML BITRMRICEDWMERMD R OND Z & 2R Lo, REE, YRR OMHTCmH ¥4 K
A v DINE, FIBICEBT 22 v R BRBEABCT Y =27 4 v 7 filffl, miRNA il 8 o fif
Wradihd 2 TETHLN, ZNETHLNTLT —XIX, ps3~T r~v U A% HWTIT- 7 Feng
HOFEBR LR | WK DEEHEOEIIREL VW EEREBL TS, psS3 MK LT
WAEM T CHRNZOREMNZRY ) ARREADEE TOZAREERE X s,

F—U— N R YE, DE R N LA IR, Qe PURRER
WHIEH 0 - AR IMERR . TER KA RZEGEA IV A SA A A = ZWFFEERR (E2E5R)

I W22 H Y

A DEEBICBODTUHMEROLEPA NV ANRRKERMETH D EO—RNLEHEN D D, T
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EHLHE ) OFERSE D O SRRt T A B L Kbit, R, RS0 R R Lz L v
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B, b — 2 EBEOKETH Y, FTEEZI L CEIF o
BENLanvFy — e T 5k chsd, 7 Kvry ™
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WTWD EZEZ BIND, AT — LR EYAR O RIEFEGEC e 2 RWIRIZmE 2 2 &
Mo, RS G RB I D,

B DA L ARERAY A7 @b 5 L0 ) MEITEE < 5, Penninx & Vi &G
F 4825 Naxt e LT Lo B X | % CES-D A7 — /L EMEEN 5 HECTE R L CGREELT
U, AN RS 1,88, 95% S HEX ] 1.13-3.14 TEN/A LA ELMENRH 5 LV ) fEREZE TV
%, Lillberg & 1%, @ oMt 10,808 A& %Gt LT [ WHkRSE ) 10H7Z0 O — Kb
LLTLO7T 2R TS, FrICHEMEEE, RDIE, KADIEE WS TE T ENFER AL EmWE
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5o Flo. BDAUZKROENTERLE OB AT RIZOVNTS 0.001 LLFO PETAHEZRMEEIN
HHLFERL TS, ZDXHIT, DFEAA M LRI TS EIT I T HUERB R 2T D A H&
K& LT ZERPLMNZINTNDSD

EBHIC, DEA DL AIBEFRRC L DR B AERAZ B ST TNDE I ERRENT VD,
Haran-Ghera & 9i%, SIL/J~ 7 A2 3Gy & MRET L CRMEE M A B ORI 2, BEOHT
HIUT 25% Th o 7= HMFRIEFE N, % a VT —VOBHUME CTH LT XA &Y %
595 L 49%IZ LD EERLTWD, T LTT X0 A% Y % 108 MEkENICR ST 5
&é%:ﬁﬁ%%ﬁ@<ﬁé EHRLTWD, —JFeng 5 9%, p53~7 2 d C57BL ~ 7 A

HFHNEECHR L TLEA NV AE 525 2 L1280, 4Gy OFGHRCHRAET 5 M i
)/A@%%J/ﬂﬁfﬁ NN E D BT DIERARTAER. AT 1 7 L AEATRER DS R D A
D340 A6 267 HICHEMET D52 & amLic, LLED X 912, FRE MR OMAR T O A - L
AR N A ERE L TND EBXHND,

—J7 . BEHRR AT — VDR NVE AEEETLESE D LW T2 b E SN TWD, &
WE - EERERHTT Yy NIETORALE Y EERRESN TS O, 1 H 400mGy, k—
X VR 8Gy T~ U AMIETF DR/NE Y EFRIVRIBIN TS, F721H 20mGy OfKHR &R
ST, ~ 7 ZAHROFBRLEEEETF O FRICHR VT VBRI NEEIC S BT 52 &
T bbARNE LV ZREOEGR T & U TOEERBIHC L > TEMLIZZ ENRBEINTND
N, AU EBERBHE TAZ XX I0MmPFRLVEY ERERHREENTNS Y, —F, 1-3 7 I
M- T h—% K 120mSv #1E< Li=F = v 74 VIEEEOmMFPHRALE LR EF LT -2 b

NHE SN TND 9,
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[ i,

| MR
/l\ FEDA

¥
LR aLF

ARLR - gy —> SGK1 =P  MDM2

H2. MHHREDEHAN ADOEEERICEVWTFRINAERRIE
INETOMBIZHESE | LB A N VR K 2 BRI N AEHisE S LTI 2D X 5 7eE
TOABHNT B EZZBND, T 2 TIHBEHBROREN AER %2 e CTHME L T DNA —EHYIHr
DHENTHELTEY, DNA HHEIWHIEE LT ps3 2l & T2 BER B X | [li#H D
NG U ATHERERZMENIEEDL L LTS, ZZILHEMA FLARAR SIS &, DEh
7o VT — L MERIIE O AR Z 5 U CRIBNE sz R 2 85 L, p53 OFERE & il 75
ZEICED REEDTOTIET OB AMESENME T T2 LW IR TH D, T0 T, ik
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MU LD aNTF Y — L OFFEC VT — W LD MEIER MDD 0 | iR & LB A K

VADRREEMER LD E LTV D,

KAFFEIE, DERA B L AN PO BRI 5 2 5 8 85% . hgg~ 7 ZAE T L& AV THl
JEBIEFHR L O HAEMZEIZRHMET 2 & & bz, LEEA b L ADEBUES HERITEH O ff
fE L 72 D AERK T2 S L, RRE D L < IHMEMREREEEZ EEMER OfE L LTo
HAMEZFMT L 2HMET D,

0 wF5e 71k

ZHNETIZ Feng D% p53~7 1D C57BL ~ 7
A& HNT, FIRMEIC L 20 A R LA
MM BT 2 REMEL WL b, &
iz, a7 5 7o ORI~ 7 2 &2 v
TEBRRET AL TDHIEE LT, TDEDICT
IHFEBR ATV, AR~ © AR e A et (1
H Y720 OWRIERH]) ZMEt L7z, ZOES, Feng
5N T~ T A& T 6 REE/H O Z{T-
el ENG, 6L T O~ 7 A% HW, (K~
AN & 72 D I W RS A T E LT, M3, TYRMEESR

53 i k006 BEifitd C57TBLIG) I~ 7 A % 1
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Bottom Rodent Holder RSTR541) THAAMH 21T > 7=, HREEFINIZEE & KOHFEN TE 22z
D, BRI OV TIE 5 RFFAEK « MR AT o7, DL % 28 ARICE > TR IR L, H3R
I8V BEERAREZEDA U W 2 E LTz,

ARFEFRTIX, 5lERD C57BLBI I~ v A % LIAMBIMLETE Ok, TiiER CE LR (6
Ref]) . 28 AR R IR LSRR 21T -7, 7 H BICIFHMHRERIZ 4 Gy (0.5Gy/4)) DRt
AT oo, FHBRMET 28 H HIZA Y 70T W ARRIE ORI L, SHHERLFIC L 0 22850 s
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Abstract

Children living in radioactively contaminated areas in Fukushima are often prohibited from doing
outdoor activities, which is thought to cause strong psychological stresses. It was recently reported by use
of a mouse model that susceptibility of mice to radiation carcinogenesis was increased after psychological
stresses induced by chronic restraint (Feng, et al., PNAS, 109, 7013-7018, 2012). We planned to
investigate the effects of psychological stresses on radiation sensitivity of young mice (infant to young
adult) by conducting multidisciplinary analyses both in vivo and in vitro. For this purpose, 5-week-old male
mice were chronically restrained for 6 hours per day for 28 days, during which the mice were once
irradiated with 4 Gy of X-rays on the 7th day. Mice were sacrificed, and bloods, spleens, os femoris, livers
were sampled to analyze the levels of cytokines and hormones, anti-oxidative activity, chromosome
aberrations, micronuclei, protein expression profiles, epigenetic variations (DNA methylation and miRNA
expression), etc. Most analyses are scheduled to be completed in the next fiscal year. The results obtained
so far show a significant reduction of thymus weights and blood-cell numbers in 4 Gy-irradiated mice. A
significant increase in micronuclei was also observed in irradiated mice. However, no parameters were
significantly modulated by chronic restraint either in irradiated or unirradiated group. This result disagreed
with Feng et al who showed an elevated susceptibility of p53-heterozygous mice to radiation
carcinogenesis in the restraint condition. It may be suggested that psychological stresses would have little
influence on sensitivity of p53-wt mice to genome-damaging effects of radiation. We also planned to
investigate whether psychological stresses affect specific DNA repair mechanisms in vitro by use of
various DNA repair-deficient cells cultured in the presence of cortisol. The effects of cortisol, which is
known as stress hormone regulating physiological responses to psychological stresses, on irradiated cells
are now under investigation.
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Effect of calorie restriction on life span and tumor incidence in mice

exposed to long-term, low-dose gamma irradiation

Kazumi Yamauchi, Atsushi Kohda, Satoshi Tanaka, Kimio Tanaka and Junichro Komura.
Department of radiobiology, Institute for environmental Sciences

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

chromosome aberration
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 whether the tumors and shortened
life span induced by long-term exposure to a low dose rate of gamma radiation are reduced by CR. In this
study, mice were exposed to a low dose rate (20 mGy/day) of gamma rays from 8 weeks of age for 400
consecutive days. They were fed normal-calorie or CR diets, and their life span and the incidence of
tumors were analyzed. One male B6C3F1 mouse was housed per cage. The normal-calorie group was fed
95 kcal/week, and the CR group was fed 65 kcal/week. After receiving the predetermined total dose of
radiation (8,000 mGy), the mice were transferred to animal rooms and housed there until they died. Two
nonirradiated control groups were fed the same diets as the irradiated normal-calorie and CR groups. The
number of mice per group was 60. In a separate analysis, five mice per group were sacrificed 200 days into
the study and their organ and total body weights measured. During the study period, the body weight of
mice fed normal-calorie diets increased for both the irradiated and the nonirradiated control groups, but the
CR diet suppressed body weight in both groups. No significant difference was observed between life spans
of the CR and normal-diet groups. Findings in irradiated mice sacrificed at 200 days showed significant
differences in liver weight and liver-body and spleen-body weight ratios between the CR and normal-diet

conditions.
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