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WFEEE R OBEE (J€30) : Tonizing radiation induces genomic instability in the progeny of irradiated
cells. The evidence has been accumulated to suggest that the induction of DNA double-strand breaks
(DSBs) and subsequent repair processes play a key role in inducing genomic instability. In the present
study, we hypothesize that some DNA lesions remained after repair of DSBs might be related to the
induction of genomic instability. To study a role of clustered damage in the induction of chromosomal
instability, we transferred an UVA-irradiated human chromosome 21 into unirradiated mouse m5S cells
derived from mouse fibroblasts, using a microcell-mediated chromosome transfer.

TR
(GaAL ;1)
T R & &t
2008 & 1, 700, 000 510, 000 2,210, 000
2009 )& 800, 000 240, 000 1, 040, 000
2010 & 800, 000 240, 000 1, 040, 000
L
I
woEk 3, 300, 000 990, 000 4, 290, 000

WFFE57 8« AT
P D537 - AIE - BREESE - R - AL E R
F—U—F: 77275 - Tu AT  BUSHIRLIENE - R - SRR - BALRE

DSB 1% d & K v HEEEE, BEIEMAL, —&E
SHUNMT S DNA 157217 TH LRI E Y . DSB
T MR SR S 720, & 512, DSB i
stz bbb 2 Enb, FRMICET S
BRI ARZEEDOFEFRIZIZDSB DL O Tl

1. WIFEPHAR SO 5

L E S R D BRI R B A R AE A | & i
T, ARG TR b
MSE, Geta RS | RRERFEZFHFES D,
T D BN A SN D EBITBR R L

TEME & ML, B OB R EED —>TH
% RS IE T B - U SR AR B O T
MY THDHEEZBN TS, —fRIZ, BB
MR EMEDFHERITIZDSB R L TWS &

EONTWD, FEEEBERR D JAE TR,

e EOEBEEDREbTWVWHEEZDL
n3, ToOBEHO—> L LT, 2250 DSB &
BHRED o B IEMFRIRmS S EE 2 KRBT
D~ AMIfE A VT, BIEMEICA D% E
RE 2R & L - BRI R L E M O HT



24T & FEMFERSGRE A IEE KRBT,
B OBEFTEE 2 FFofilaic b~ Th
72U DSB & CHF AT L v & S WiE A
BEMZTRT Z 0D, MRS AEE
RSN R L7254 12 T DSB &1,
AKDERIZHRTRY 3%  EfEEOK
WEHEDTHY . 2O DSBIEEEY = #1185
MW ARLENEFRTOIERTHL EEZD
N5, SOIZEBRSOBKNNT 8 XA TR
ek Esl & L, B a iR os
BRICB 5T 52 &b LMo, ZhC
XU, BEORLEEFHBICEGTHERO
—ONDSBEFD LD TITRWVEETHY, *
IR T B ATICEMXIIERGFTDHZ LI

DT u X7 RETEEFHHET D AREMEN R
I, & TR TIL, DNA HEENE
BLCEEEGET 2 ETBEINE., &
WEMWRERT EFE bbb 7 T A X —DNA
HEICER L-, 77 A% —DNA 2151213,
DSB Z{£ 5 DSB %! & DSB % {72\ 3 DSB Bl
O 2N DV . FFIZIE DSB B DRI A
TR L 0 MIMRN T DSB D72 &b 4 4
PLEAREINS LHEESIND, /- T, 2D
FEDSBHRID 7 T A Z —BEO IR L ENEE
FRTHDEERDPEENTWVBEDOTIE AW
MmETHELIZ, B TH, TrATESITICS
STFHET DT = 3ot T e~ Tl
fbEnod < ZORILKTHD 8-AF V7
7 = (8-ox0-7, 8-dihydroguanine ; 8—o0xoG)
I, VR URET TR T T =0 b bl
IR L CRAREREZFHERTH T, BE
FrREEEICLAEEBRE CHUINEZAELT S
EHRHMBNTWS, F£7=, invitro TiX, b
ra X7 @ [TTAGCG] BiHFIZ 8-oxoG A3
JIGAR AT D E, TaRATIEAX R
BHLDNA EOBFMEAZIC T SED 2 L RHE
ShTwa,

DLEDZ L, BB RRIC X 2 BE0
REEMEDFTFERIZIZDSB LV & FEDSB D 7
T A4 —DNA HHIENEETHY, TR AT
ESCHIZ A U7 8-oxoG 10k D7 T A% —11
BN, T AT REEMEE D &3 5B
REEMEFRTLOTII RN EEZD
ICE -7,

2. WO HB

AWFFEIL, 3£ DSB 7 T 2 % —DNA 214
DRI TRIETHEEICO W TH LT
HTEEREHWMET D, FRIT, TR ATESSIC
BT D7 T AZ—HEIZL-> Tl &
ENDHT AT REEEMHD & T HEEA
TRIRIEVE DR B AT BRI EMED T
BINDINE I DERND, 772X —HBE
ZAMIRPNICE A D HiE S L O/
AEEE V., BEBEORIRIIZ L 5 Yt
K EDOBAROITICINA, 7 7 A% —HE%
BT 596 EBAL, B RLZEEOR

G D Y IR BLW 2 T4 5 BB 2 1k
N7 L. JEDSB il 7 5 2 % —DNA #8{& L #E15
MARLEEOBBRERAOGNIL, T A TR
ZEME R BB AR EEZ5] 2348
EDRE %R B D,

3. WrgED Hik

(1) UV-A BREHC X % 8-oxoG DAL
TEHESEHARIL.DSB 24 5 & & 6 I2FEDSB
o7 Z Z A —DNA #1554 LT\ 2525, DSB
BEHEL D Z L7 BREGHR & FRRED Y
FAZ—HEEE LU IEH72H, 8-oxo6 &4
U. DSB T4 U722V UV-A Z W5, KREFZET
1. B INEZERIIELZ UV-A 2 BB L= %12 L >
vy Ml AT L8, 77242 —HE
AR S D DIZHE R UV-A OFREIZ )
STV, # 2T, UV-A BT L o TAR
9% 8-0x0G %, 8-oxoC FpEH IR A H W
To et e a2 k- TR b L, Yefaik b
2B 5 8-oxoG DMHHE1T - 7,

2) UM A IRz X b7 F A% —DNA

TR E A O /ERL

N A A D YL iR K —HIfRIC
. B b2l BYREAREEET D~ A A H
JazHv, ey Ml id~ U A BE
EHIIE FR 2 O AR FEALHIIRAR T & 25 mbS Fllfia &
FAWZ, BUNMERIIE., 50% 1R 24 #
# (4000k]/m?) ZE L7=b D, =2 br—L
ELTREFHObDEZNLENLL T
MR A LTz, BAZIT, HRYEER
BASHT-fMEZ e b 21 FYeE Bk s
Hygromycin B it iE s 7 2 F H L 7= BAN &
bevrvavickyrsa—=r71L, 77
AH—BEBANI 0— 2 5T,

(3) BBHIRLEMEDMHT

7T AR —HBEBANT 0— BT, Y
AR T DR 24T o 72, Qe 51k, BA
L7 RO R ZEEZ TR D A2, FFED
Yuta (RIS 72 7 1 — 7 % FAUN = Whole
Chromosome Painting (WCP) FISH {EIZ LY
BALE b 21 BYiRaYeta L, Yk
DRSO YL AR B E 2 OW TR L=, &
HIo, NEEMWN 7 7 A% =GO =Y
BIRIZOB RN LD, FhdE by
RIZHHEBE RITTONETHRD =012, L
YET Y MRE K TH D~ v AYEARIC
DWNT, ZOYEEE (k) & QiR
FIZOWTHMT 21T o 72,

4. WFIEEHE:
(1) U-ABRFHZ X WAL D 8-ox0G D
600k J/m* D UV-A % B L 7=~ 7 A m5S #ll
DO YABRFEA Tl 8-oxoG F B 72 Hilk %
W @R e 002 1 0 Yefa iRk BIZ 8-oxoG
D 7T IRBEFIENT D ERNRI N,
% 72 UV-A O mbS ffEIZ 54 2 BBz M1,
D=6781k]/m* TH V) . Z DALFHREIR S 50%



HORZ M 2 R E Y 4000k]/m> ThH D5
NHHLMNE RS T,

(2) UM AIEIC X D27 T A% —DNA
HBEOMIE~DBA

WONE IR &1L 2 VT, UV-A FRE
(4000k]/m?) & K 21 FYafhks ~ 7 2 mbS 4
fa~B ALz, 0%, ALV v
3 Lo T, UV-A BRSE b 21 BYAKRE
A7 a— ORI Uiz, L7271
—NE, FRERRORER R L, £
7o, Y kOB AN X DB LMD T2, FE
Mo e b 21 FREAEKEBALLZZ a—
HEBEICER L7, 2h b7 a—1i3nth
LEBIOMERKEETIEDE LTI 1
— = P E T DTH D, 1. BE.
FEREYRGEARBAZ o— DN T Y 10 7
o— Pl EAERLL 7,

(3) EABHIARZE ENE D FRHT

PR AL, BALE b 21 &Y
AR R A 72 7 10— 7 & V7= WCP-FISH %
LB EITV, BALZE b 21 BE
KLy hThHDH~ T ARBIKDZ
ILEIUTDOWT, et fRBE | KOk
DLZEMIZ DWW TN 21T > 7o, f#bTIE. 1E
WL ae—romhbary ha—Ld3 7
n—y, MINREEBAZ e —r D478 —
NZOWT T T2, FOMR, o br—L
Th DI EEEROBATIEZ. BALE
k21 BYGRE | <7 AGEEONT I
LY R R OBERENR ST R b
Mmotz, Fio, REAEKEKIZOWTEH, BAIZ
AT ER NN R 7t i A NN A Y A = S N
FFE2BEEROEETHDLZ ENDNoTz, £
IR LT, UV-A 2R L7- e b 21 FBRE
KOBATIE, TTZOEEMEICBNT, W
THNOra—r b 4A{ERRNL 8 fEAL 725
TEY, SHICEEAREZOLDIZHIED
DENELTEY, BEIKMER RGN, F
77 Yo KB Iz OWT S, UV-A B 252107
72t b 21 JYIRIZE T DB EZIT TR,
FERFEECHTIX T A
KD~ 7 ZAYLAARIZ BT b Yu iR R A
AL Tz,

PLEOFER X, UV-A BREHZ X » Tk |
A U5 8-oxoG 75 72 B FIEETHL > DNA 8
EOBAN, FFERFBRE T IR 2 MilucE
WTCHRH YR E 5 ORLZETE T Tl
[ —BRBE FlicB o taiRizizwv L
THMEPOREBELERIF L., REEbEE5
ZEERLIELDOTHD, 2. TDORET
Gt (RELE 7207 T <L i) A Yk
BOMEEEEDOAEIC L G545 2 & 2R
iz, Zhixt7ebb, JEYEITELO DNA 18
BIZ X > THEHEHALEENFRIND F
ERLTZHLDTH D,

5. ERRERLE
(RFFEAREEE . WFSE 03 M ONHLEERFZE 3 12
=)

UdesEamse) (BE 5 10)

1. Shikazono N., Yokoya A., Urushibara A.,
Noguchi M., Fujii K.: A model for
analysis of the yield and the level of
clustering of radiation—induced
DNA-strand breaks in hydrated plasmids.
B 5 ,  Radiation Protection
Dosimetry 143: 181-185, 2010.

2. Yokoya A., Shikazono N., Fujii K.,
Noguchi M., Urushibara A.: A novel
technique using DNA denaturation to
detect multiply induced single-strand
breaks in a hydrated plasmid DNA
molecule by X-ray and ‘He* ion
irradiation. & #t A , Radiation
Protection Dosimetry 143: 219-225,
2010.

3.  Shikazono N., Noguchi M., Fujii K.,
Urushibara A., Yokoya A.: The Yield,
Processing, and Biological Consequences of
Clustered DNA Damage Induced by Ionizing
Radiation. ##tA, Journal of Radiation
Research 50: 27-36, 2009.

4. YokoyaA., FujiiK., ShikazonoN., Akamatsu
K., Urushibara A., and Watanabe R. : Studies
of Soft X-ray—induced Auger Effect on the
Induction of DNA Damage. % 3% & ,
International Journal of Radiation
Biology 84: 1069-1081, 2008.

5. Yokoya A., Shikazono N., Fujii K.,
Urushibara A., Akamatsu K., and Watanabe
R. : DNA Damage induced by the Direct
Effect of Radiation. & 3¢ & ,
Radiation Physics and Chemistry T7:
1280-1285, 2008.

(%K) Gt14ah)

. B A, RE R, ML PR
FE 2 HEHHDIWIEEIZ X 5 BB REE
PO, AARBRMERYS 5 53
[IR4. 2010 4F 10 A 20-22 H., FUEB.

2. W SR, B A, BH W
, R E#k. 8-oxoG #Eirr T A
2 —DNA BB IR, A AR
MRSy B 53 [MIKE, 2010 45 10 A
20-22 H, HAL.

3. ¥m O, BR HwH, LT B,

MR AR, B BIME, R EA

FiE T T A I N DNA KIS ~DH v~

B - R RS O Ji b Al = &

1



10.

11.

12.

13.

RNAT X 2 FEE. B AR R
2 F53[EKE 20104210 A 20-22 H
AR

N. Shikazono, M. Noguchi, A,
Urushibara, P. 0’ Neill, and A. Yokoya.
Processing and biological
consequences of clustered DNA damage
containing a single strand break and an
AP site. 56" Annual Meeting of the
Radiation Research Society. 2010 £ 9
A 25-29 H. Hawaii, USA.

B b, WBE #57]. Analysis of
genomic instability induced by the
introduction of the UVA-irradiated
chromosome. 5 69 [B] H AJE =AM
2. 201049 A 21-23 H, K.

K. Hata, A. Urushibara, M. Lin, Y.
Muroya, S. Yamashita, A. Yokoya, H. Fu
and Y. Katsumura. Antioxidative and
Radioprotective Effects of Edaravone
3rd Asia Pacific  Symposium on
Radiation Chemistry, 2010 489 H 14-17
H. Lonavala, India.

R EEk, B0 ER, 3R bk,
0’ Neill Peter, fify BHfE. KIBEIZ
B D7 7 AL —DNABIEH IR R
H ARG SR8 55 52 [BIR 43, 2009
£ 11 A4 11-13 B, JK5.

Trr SR, B bhA, HER BE
FEE  EEk. R EICEE IS T
A —=DNAEED T 0 ZI2oONT
H ARG SR 82 55 52 [BIR 43, 2009
11 H 11-13 |#, L&,

Trr 9ERE, AR HA, B B R
HEk. 8-oxoG & &Terr T AKX —DNA 15
RGN TN BT 2 — RSO D2
H ARG SR 82> 55 51 [BIR 43, 2008
11 A 19-21 B, dLJu)H.

b ERk, BFO R B S, A——
b E—F—, B B U & B AL
WAL D 72D 7 T AKX —DNA DAY
. ARG RS 5 b1 BIK
2. 2008 4F 11 A 19-21 H, ALJuN.
FAE RS, B Wi, WE W], /IR
flith, 25, R 5, Hk ERE AREY
KA, U IEC, /NP /AT, DMSO 12k %
TR h 1% DNA-PK IRAFHIETE I
KFET 5. ARHSRREE Y 5 5l
B R43, 2008 4% 11 A 19-21 H, JLJuMl.
N. Shikazono, A. Urushibara, K. Fujii, A.
Yokoya. AQualitative Analysis on the Yield
of Radiation—induced DNA Strand Breaks in
Hydrated Plasmids. 2nd Asia-Pasific
Symposium on Radiation Chemistry, 2008
F£-8H29H-9H 1 H., HA.

M. Noguchi, A. Urushibara, A. Yokoya, P.
0’ Neill, N Shikazono.  Mutagenic

14.

6.

Potential of 8-0Oxo—7,8-dihydroguanine
Depends on the Location of a Single Strand
Break within a Cluster. 10th
International  Workshop  Radiation
Damage to DNA, 2008 46 H 8-12 H, £
LE v

A. Yokoya, N. Shikazono, A. Urushibara, and
K. Fujii. A Novel Technique using DNA
Denaturation to Detect Prompt and
Enzymatically Induced Single Strand Breaks
Produced in a Clustered Damage Site. 10th
International  Workshop  Radiation
Damage to DNA, 2008 46 H 8-12 H, £
LE v

W FERL A

(1) WFFEfA

e
PSEATECE N B AR - T 22 BR S kA -
Ui SRS o 2 — - WEFSER

WF7e& %5 80391275

I (URUSHIBARA AYUMI)



