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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*l, Mitsuaki Ojima*!, Atsuhisa Hirouch™?,

Nobuhiko Ban*3, Shizue Izumi*4

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
induction of the cell division of HSC. This triggers acceleration of HSC aging with
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
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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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FElucidation of the mechanisms of radiation-induced non-cancerous effects

-Molecular mechanisms of radiation-induced cardiovascular diseases-
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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 cardiovascular 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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RIS HERD)

AT BRI K 2 Dl E B B E 72 EOI N A @®T DA = AL E LT
7 ) LDNAEE L & HICEE BRI L D X b3y KU THREEAR 2 f2H7 L, 2 5 ROS
AR R S NS ENIC K DL A B LA L TR b=V AFERIEISE RN, AL =R b
DOEEZHONCT D, ZOEDICI hay RUTELEVAT MIEEL 2 fRELT
0,72 EDOROS DAL EA OG- 3 Ef STV 5 X h 2> KU 7 DNA HIEEEKIEIC OV TRE
i %, WIZROS AERRDFEMARA D= A LA I hay R 7 &, HiaE L & o, %m
FOFERERE OWRE e & ALFEW, AW TP TR L VBT 5, S HIIXREZIC
#éﬁﬁ@%ﬁ@k%hvxkﬁ@?f&~vx %fﬁﬁ%ﬂ4x&/&~%%;%5?é#
M T D, AWETI by NU TEEREREFLZH O L, ROS AT, 7R h— A&
@%@%%%%mmfé_kiﬁt@%%ﬁ%ﬁ#ﬂh@%@%ﬁ%%%?é:k%a%kﬁéo

I WFEJ71E

WFZEDxt4: & L CIL NIH3T3, A549 #lfad 5\ ik SCCVIIL Ml s & O #EMIRZ H ., F14F
FERR 24 L IXR ORI KL B 2 b av U TEff(1) & 2 b= KU 7 DNABEQ)DFFEE
BAAAT 5, IRAEFE DK 25 4R EE IR B CTO 2 DS 2 BIZ W TENE NG| & i X 3
T %,
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1) I har RUTE, BERSTHEREIZ OV T,

FHEEEIE FREOMIRO R ERF R ATV, X MERNZIZI har R T#RLZHnd 5,
Fay RUTEIEZI b2 R TERESOLARICL S 7n—P A R A MY —& COX2, ND2,
CytC, CoxII K> CoxVII 72 £ OFEfRFF BB T Om R NADFEL A U 7 /L4 A 2 PCR IETE
w7, I bar RY T7AEEGRIZES T % PGCla, TFAM, TFB2M, NRF1 72 & TMNZ NRF2
IZOWTHEREICM R N A DRI Z T L7,

2) X k= KU 7 DNA EEHEE ORI

UT4E, B DNA OEEO R 59, 2 ha KU 7 DNA OEE LML E 25 L CEET
HDHEEZLNTETWD, 2 Far FU 7T DNA OEE CILELE FOHEEREEHE (BER)
NEBERFREZH L TWD ESOILTWDD, ZOWFRICHKNETHSD AP endonuclease (APE)
DI hay RYTIZEBT2FEEITH ST > TR, £ Z CTHHEEE DAL 24 1T~ T A
OIS X Fay RU T 20 FRCHBEL , BRIEZEAEL, APE O har R 7 OfF
EORME, £, I bay R TICBT 2 EERFEEEDGFIET 200, FET D LT
BEDBIGT DIBERE L MDNE D ONE ST Lz,

I WF5EHE R

X 112RT & 9 ICBEICRAEDHFFER TIEZ < O AMIE THRUETRRRET L7z, 2 b KU T
DNA O#h1, #ifadh7=0 ® ROS D 1.5 525D LS. 2 har R 7ToREERED LR, BRET
WOMRZH ST LTERE 29, AFETIEINSDBENI Far P 7TOEAK LFIC
Lo TRZISTWENEIDEHLNCT L HMTIHFEEZI T EDNA X2~ 7 u a7y
Va7, I b3l KU 7 DNA X ND6 i#Efx v (NIH3T3 Hifi)) & 5 id CoxIl (A549 i)
WX LT A R—=T U =2 FHAWZEREMN PCR 217V, 2 b2 KU 7 DNA BIZOWTHRIL
720 X2 OEITRT L 9 NIH3T3 M Tik 10Gy BB+ 5 & 2 b= U 783 8 BB A
BITHIT 2 & & bI2, M2 0HITRT L ICHRITE 24 FF# T = F U 7 DNA &I3AEIC
BN U7z, ZOHSIIK 3 1TR ST X 912 AS49 HiiE<e SCCVIT HfiR T & [AEE O St &2 7k LTz,

VLD XD IO b R 7EO EFIZI har R TOAEASKIED > T
HEEBEZLNIZOT, BHEOI hay R TAEGERBPENN T A 0ENE R L, @HFIE
Fa RUTAGBTREDZEMNT 2FELRMONTVHENDL, BEILER P B 11220
CHURBR IR % D588 % & B PCRIZ X VB L7z, X 4 121 NIH3T3 #ifid T 10Gy B #% D X
Fa RU 7 ASBUICBEE T DB IR K 1 LRGN T OB EZHTAERTH 5, 5K
K7 Td 5 PGCla I 24 FEE CHEIZHRBUIEMA KL Z U, 72 REE CTIXERAIO 4 512 TRILEN
WA L7, LrL7Ze2 6, TFAM, TFB2M, NRFI1 72 5 N2 NRE2 72 £ OB E K Tl B H#% 12
Z® mRNA OFHITEL RSN holz, &5, R bar RYTEERTLIZ L NIVETHD
mRNA [ZOW T, F F 7 B —ALC(Cyte) & F 7 a—LF x4 F—F IVCOXIV)IZOWTED
FHLZ PCRIZ L VRl L7z, X 5 1ZR 9K 912 COXIV Tl 24 B SN Z L7-DIZkt LT,
Cytc TIIESEMET, LLAFRIERTT LI ENRHLMNE T,

I h= R U7 DNA BIINAE S RF 28T 52412, DNABENOIEHE LT 52 7T 10+
EE L CWDRIHEMN 25 2 7=, DNA O 7112k T ataxia telangiectasia JiU K8 {5 1€
¥y ATM N 7V MIBNICAG 2 2 BE X T —BIEE A Ff oo X VRV ETHDH Z LN ED
NTWNWb, Mo TEDOXFT—BIEMEZRET S 14 A4 EX—ThHd Ku60019 z H N THETL 7=,
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ZORER, K6 OEIZRT L SHIZ 1000 nM &V D ERETHHERIZ L DI = KU 7 DNA
HIMOMEDRIZR ST, ATM B3I b= KU 7 DNA OEINZIEREE L TW RN Z &35
NI o T, £ K6 DAIRT X ITHEHRICE Y 2 F = KU 7 HSRO ROS NN 2 73,
ROS ZHETHNT EF LV AT A VNAC)ZFESETH I b2y N 7 OIS IZIX 2
RIS 2D o7z,

RIZI b= R U T DNA OHEREEEROMIELHGE LT, S FTOMRIZI F= R
TOEERN TR I baryr FITHAM® ER B (Mitochondria-associated ER
membrane(MAM)) WRTE L, BH KD X X7 % B XA TIEMLFHMER SN TE TV &
WIHIBERDRDH T, AFETIIET, ZOMEEFRT 2720127 v MO M b2 K
UT AR L2, N—a— L RICER, @Ol I har R 7 E MAM & OlEAEIC K
038R T T O BIRTE DI ) LOEMEICHER L= h =2 K'Y 743 li(pure mito)
Wi, MBS = R U 7558 (crude mito) ICH.HGMDT 7 F RO Ty RX 7 L7 —E L
LTERT 2 Z & M6 TWD APEL IIfAE L7 ro7c, 2 hay RUTITIEEES . APEL (X
MAM NZAFAET H Z E NI BN E o7, IRITIEMHIZOWTRE L7, IR 8 IR T X9
\CHEHE THD FAM TT UL L7z 7 mer OEANZ Y 7 2 VA L7230 mer DAY IX 7 L
FF REER L, 2T T T LIV DNA 7'V 2> 7 —B2ER ' AP S &2 1ERk L7, ZHusE
PIECHR L= oy R 7AERY & RS S &, EXIKEN CHBEL 7-3° dRP, 7-3° OH 72 5 NC
7-3 P ORIHEEZ L OWR 2L, ME L7z, FOREEZK 9157, Mg OIFE(E F Tyl
L7z APE1 Ci% 7-3’ OH, Nth TiX 7-3°dRP, EndoVIII TiX 7-3° P N Eim@E Y . Bl a7z, K
SN bary RUTHEM TRISESES L, 7-3° OH XA A DWW D0D R KOW 738
BENT, £To. M@ DIFEET TRIESED L 7-3°dRP B AL DA REARY | ZHITET
W9 & ZAD Nth1Z X OGG1 DR AP lyase {EME A FFOMERDFIET H 2 E RO MM E R o7
(1 10),

(i i~ D B )

FBRE) O FHIZB U CBRR 72 D B 2 23 AAFZE CIXEM EBRICER L C TE O Z# LK )
FHICEET 28 (CERR 18 26 A 1 BHET) . WONS, BB O MB35 FA T E#
(CFRL 18 TR PEERE 71 5) (TS & MIEICEML T\ D, £, EREWMMGE A%
HTOEMEESN HEE OB T HRAICRESNTEY . AR TIIAZES LR CORKRE
T T b, Ml L~V OBFE CIEMERAICEUE T~ MBI RV &l T 5,
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X3

72 h after irradiation

Mitochondrial DNA content analysis by qPCR

NIH3T3 cells A549 cells
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4 mRNA level analysis by qPCR
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B 5 mRNA level analysis by qPCR

NIH3T3 cells
X-rays, 10 Gy
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Western blotting &7

crude pure

homo cytosol ito mito MAM
- Histone H3 : nuclear marker
-_— e - \ctin : cytosol marker

— s ———Nm—==. \|DAC : mitochondria marker
. . .

“ Cytochrome C: mitochondria marker
—

-—— e A= ApEI

Band Intensity

g % W7ipd £ mitochondria
TlIE%ERCAPET (FFTE
2 4 L,t;l’\
AP site Incision Assay H8
7 mer
FAM
o © ,
30 r"ner
’v ’ Uracil DNA Glycosylase
o
‘ Mitochondria lysate
O
-
AP endonuclease AP lyase AP lyase Exonuclease%:&
(p-elimination) (pd-elimination)
O—
O—-o0H O—drP O—r O
. O
Mg2+tih & Mg2+ K&
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imazeki
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AP endonucleasei&itt Ho

Mg2+&Hbuffer
NC crude  pure Endo
UDG(+) mito mito  APEL Nty
—— — S vt e’ < 30 mer (uncleaved)

== 7-3' dRP
m— 7-3’ OH
——— 7.3 p

r,.
il

mitochondriaTl3 &% &R UAPE1 TldZ:LvA. APE1HRDE

#%%$50. I RRIL7—EREFHET IR NI REEINS.

pure mitochondria Ic&ULV\T AP lyaseiZlEhBEIN,

K10

Mg2+JEZ Ebuffer

NC Nth Endo crude pure
UDG(+) Vil mito mito

_— e — <« 30 mer (uncleaved)

. — W .. 73 dRP
-— «;3p

mitochondria cHWLT & TESEZANOGGT1XNth1D&ESEAP ly

aseifElEEIFO
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v &%

FP. BEHRBIHIC LV 2L DM TI b3y R 7 OBENEINT 2SN 8RR s, EF
2TV NIH3T3 A CH RIBROBG N Bl s v, £, ZoHMBgIIEE DI k=2 R T
B ETTEW SRR 2EGAHBIK - Th 5 PGCla XA BICHBUIEMEAZ R L2 b DD,
TFAM, TFB2M, NRF1 72 5 TNZ NRF2 72 & DR G R FII 2 IEH L L2 ho o 2 &0, T b=
KU THERR Y R EOFITHM L WZ R TERH D70 ED T LS B RT3 5
R FARUTOIRETHD ZLIRBI NI, 5%, EINolcy 7T AN ORRBIG 25|
TEZILTWDHDMN, £/, AENX10Gy &0 9 BMETOERTH 720, KFRETEH Z Okk
RBIRNEZ DDODRET 2 EDNUETH DL, £/, 2 Far FUT7IZHDNABEEBEGIZN
BT DR EEEBEOFEN TR ENTZ, LLARDL, ERIUYATAMEA LTS
DEIMITONWTIIREAATH D, D72 &b ABOWIETI ha L RYUTTO AP =2 X
7 L7 —EELTEEFRLT APEL 2MEA L TV D AMREMEIT/ NS WEE 2 BD, 5%kIEZI hav
NU T COBERBRRZRORELZED S Z & & BORBIIZ L > TETIEEIZOWT Z ORARE
ERMEALTWANEIDHLMNCT A EREERETHLHEEZ LD,

Vb

FERIILL T D 38 TH D

1) FSHREBE SO hay RY TIEZ0EOHEME S| 23 L & i, #fEN ROS
ZHIMEE 5,

2) 2O hay RYTOREITEFRER SN EARIMERE L2720 TR . BRI T 5
RERINECL DD TH D,

3) X har RUT7ODNABEEREEEERIIE THLIIE N TS AP RX 7 LT —
YT APEL (ZB5-HT, BIDOFE CVEH %2 FFOBER OIFIENRIE X7z,

VI RAEEE LIRS O Gt

WFFE ORI & L CTIE NIH3T3, A549 Hifid, HeLa ffildd 5\ ik SCCVIIL Afia e & OB Fefifia % %
A, AR AL 24 S ITROBEHRC L D ha vy RY TEfiE I b2 KU 7 DNAEEO
WFE 2 et U, SEAICIRE O TIXI b2 KU 7 HROEMERESE (ROS) #9014 B 5
T D LI Far YU TOEOHINEZRZ L, ZAUXDNA BEICLE) ATM I =2 R
TR UINTEEDAERRR B VWERTHLZEEZHLNI LT, £72. T b R T o
HAR BRI R & 1% ) BN FIET A 2 L A LS Ln, AMEEIL FRICE Mz = L
Eoc. 1) BIERELTDA I = AL EZWPENNIT D LRIFFIC, 2) EEOAETREED Z &2 E
ETVWHDO, v A EHLE LEERBYEZANTHRF L, SHICRERETL LD &
MEE D DONEHGNCT 5 BT AHEET 2, £72, 3) MBETITON TV D RIET Ak
A v DFEERLHIRIEISEIIRT LT, RBOMIFEHRTHD I b N THEEOEENEE L
TP OWVWTHHABMNIT 5,
1) 2 Far RUTHREEZRDONT I h 2 R U 7 DNA [E1EHEHE O it

WIAE T IE R M OB Ml CHRBEE RSO ARIC L5 7 —F A P A R U —IC ko TR
F% 12 FFRILABEOMIE T h 2y RY 7RO K & ROS DK EZI L Lz, HEA%
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FWFgE T X o R BEOABRRICIEEE LWz ERH BN o T, 4%, ERRIZOWT
IS — W — B & BB IC L DB AT\, fission & fusion DIEREA /2FHL . I B
ay R T7HEERET D, £/, DNAUIKIO LD 7L Thbd ATM v 7 /L OB 500
JE & OB R S D O T, MEHIBE S - —EIZ X 2 fission & fusion Ol 2 A7
LFENC RN R E 52 TV DN E I DVEERFTT 5, I b= U7 DNA EEICEL
TiE, HEHPREEHE (BER) ICEE CIXEE /R AP endonuclease (APE) OBIH- L T2 &3
R EINT, £ 2T, WEEIXZI b U7 BER ICBGTEE Y AT ACBET 5 % L)
IBEEEEGNEERVTH LN T2 E2BIETEEBIC, Fo, BHEBRICLI b0
B AT DZONWTHFEINONENCONTEREFT S, 29 LRGN EHRETEE 9
LIS ER LT DA EME (1Gy LLE), F#&E (02~1Gy), K#iE (<0.2Gy) TO
I hay RY THBEELOEDNRAE L0 BRET 5,

2) BHHRIC L > TFEEND I b R 7HK ROS AL D in vivo T

B EHZE LT, ERROMI L~V TORSTHRBRHEERR2AS 1 BRICEE S bar
R U7 HRD ROS EFANBIEE TWEHLNCT D & e, ZD%RE ZMPECHER LTV D%
FEPEY A N A D L5722 5 NCHTRIEIS BB G L T D B DWW TH BT T 5 HRY
THIZEE1T 9, Mk~ U AZBE L, BEFICE L, ~ T R JRIED S ARSI S D\ IRk
FHIEZ BRI L, 2 b3y U 7R LUROS BE27HET 5, £7-. i~ 7 A XRE %, &
BRI &% LM AHR R L, B OETY VU BRE M 1%, Zhbofigic oV, IKE
NS> ROS S5 OMSREMRAFER OB FRIT L DT, ATP &, BRRTHEFREOTREDORIE Z1TV, in
vivo THHIIE L~V TR SN F R EFRICRE T DN E I NERLNCT D, £, f
MO b3 N T ORREICER UEFBMEBZE 21TV, invivo T oy N TEEZL
MEETNDNCONT BT 5, BE, 2 b2y U T OREH%O ROS EFITHIE L ~L
T 10GYy ZDOEBBERF TEZ 2 Z L BHEEND LN TNDEA, invivo TIEBRERFNCTHLRERT
BGENEEZ 20082060027 2 %2 mE (1Gy BLE) & (0.2~1Gy) | [K## & (<0.2Gy)
TORK L, FEOEREZIT,

3) RIEMEY A M UA AR E I a2 RY THK ROS & ORENE (X5 BEDILE A 7 = X L fig
)

VAR FE D MBE O BFFE AR OO S5 PR 75038 e A I SR OfME L 72 EITHE OO < IRFT %
Flhb LA v H—T7 za v 7T LOEMERT R b=V ZOEN RSN TND * Y,
FRES#% DR RIRE 2 D & 2 THEBMARFEE LD L0 S RNBORIEMEY A b I A v DA
DG MRE 2 HiL, —fEIIZ ROS ITRIEMET A N HA VAEROFEWE CTH D Z EBNmb
TVWHZEnD, BERHZRIZI P FUTHH4T 5 ROS OFELExLND, £2TC, <
U R % BRE U7t R & RIAR ISR REAO IS MR 2 BR B L | fi& 2> & DO RIEMEY A b A1 > (IL-1,
IL-6, IL-8, IL-12, IL-18, JESHESER 7(TNF)5) % ELISA D FETHIE L, I 2 7
a5, 7o, REBICHBEME L HEE L, BE%ZET S ROS ZHELTZLED%
JEVEY A N H A v OEEER B 5N U, hEETI i T 2 Bl 2 R, 1 M Rkt
T LMD IERE A = XL DR EIT O,

PLEOHFE 2B T, 2 b2y RU T OB ZH LML, FEDABE CHEMICEETH
53 hay RU THEBEEAG 72 NS ZE AU Y BBIE A I L A DMIBEFE~DEENZ DWW TH B IZ
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T 5, WIT, ZOREICMEIEE OO T in vivo TO ROS DIEMABED A I = X L& 59
235,

Z ORFEICEET 5 BUE £ TONFRIRTL, i
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Radiation-induced modification of mitochondrial function and

radiosensitivity

Osamu Inanami, Hironobu Yasui, Tohru Yamamori

Laboratory of Radiation Biology, Department of Environmental \Veterinary Sciences,

Graduate School of Veterinary Medicine, Hokkaido University
Key Words: Mitochondria, Reactive oxygen species (ROS), Apoptosis, Mitochondrial DNA repair
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 Ievel, 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 PGCla 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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FEEIEFREO®EY Th D,
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1. & b CD34 BEPEAERD D5y BERE B - Iifh%%%mfh%b<i%mﬁ%EiBWEW&&
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Search for genes involved in radiosensitivity of hematopoietic stem cells
Ikuo Kashiwakura*l, Tokuhisa Hirouchi*z, Yasushi Mariya*l, Satoru Monzen*l, Hironori Yoshino™

"I 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-irradiation (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-

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

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

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

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 unirradiated 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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