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It has been believed that the first target of radiation carcinogenesis is DNA. However, this is not
proved for radiation carcinogenesis yet. We discovered that frequency of aneuploid cell was closely
related to that of radiation-induced cell transformation and natural cell transformation by
high-density cultivation, but gene mutation was not. Cell with p53 gene becomes tetraploid, but does
not get tumorigenicity. On the other hand, cells without p53 gene function become a triploid easily,
and acquire tumorigenicity. Both radiation exposure and high-density cultivation elevated the level
of intracellular oxidative radicals. These radicals induced centrosome destabilization and produced
cells carrying extra centrosome, which promote merotelic attachment of chromosome by altering
spindle geometry. Unresolved merotelic attachments can give rise to lagging chromosomes at
anaphase. Aneuploidy was seen in high frequency in early process of cell transformation. These
results strongly suggest that a main target of carcinogenesis by low dose radiation is not DNA, but is
centrosome, which are the proteins to constitute chromosomal homeostasis maintenance mechanism.
In addition, this route may be the same as that of natural carcinogenesis.

These serial results support necessity of a review of a LNT hypothesis at a radioprotective point of

view.
F—U—F:
TR . SRR, FERNIRE, BERLENE, BFEMT7 Vv, I har R T Yeafkib, Huiqg

I IC®»IC ABERAR A DB FERHIE LT D D725 52 —

TSR K DRI AA LD —AFAIHY DNA T
BB EERTTHLNIZ Y, IR, MR
i RB)SCFEIEMERAHR U AR— A(FAP) 72 Eid,
JRIRRE S 72 E ST Y . T OBIG - D2H8k
BHENFENADOEZIRKR TH L Z LS TH 5,
L L, ZN S DBE DI AIIET 10 T AICEA
FEEE LMD CTR7e B8 CTh D, & 2 AN, B ML
ZONFMNIN N2 D, ZOEEIT, & hOBA
DL B ETHHMOBIE TARTEC TS &
IFEZDNRNZ EERET S, —EICE ON

F. B N AT e 2 FORER, B RO
AT, BN 72 < B X E 25,000 5T
ThdHZ ENbhoTe, TDHH, K 10%I2HT-
5¥ L% 2,500 B DSHIFHEAC M E B 7e &
Al HADOER TRAEICBR T 585+ Th S
ETFREINTNWD, FLT, —RA7eBa O
FHREZNERST, BLE 109/Gy FETH
HlEEZDE, MR (Bx10%Gy) M
EH-OITIE, 2,500 OBFEE{A DT~ TH A
ISR A Z ST b/ nZ L7 D,



oL, ZHET, I L7l EPRETND D
ERNBET AHERIT A, ZRHDZ EnD bk
SRR DN AT, ZRIRAE B AR D IR BE LIAM T FE BT
BEDRD T\ MRS IMFAET D L5 2 5 DM
THRTHD, 2Tl EENIU+ AR
ST, REOAS v 7 L OFEHFERELED
VZSEHE U C & 7o R 3 AR L2 B3 DA 9ERK
s, BEIEUT TZ8RERARE LRWFED
PARIE ) DEIRITHNTIRERT 5,

II ZBREREEZEB L RVOFED AR

FAUTIE, JHRE R LIRWEED AR &
IZEI VST D THA 90?5l FEAAER
23 DNA TRV AfEEMESMER S D L 512725 C
X7, BlZIE, v A7 v — A THla—EO BN
CHUR 2 HEC & DN 2> 7258 T, <
L7-HiE B & Cre <BIE S LTW7ZRWRIREA A A
IET 5. &DWITHIIE O H~OHIE L THEEAS
DIET DGR B D Z ERRON->TND DI,
Wb D [NAfRE PR ThD, -,
B %, AAE LIRilas s 3 HE e #e 0 i L
THEENTTFMIEDR AT HZ EHEBIT
W5, ZOBBIT REBIAREME) LTS,
EL L0858, BAALT DO DNA 23 EHE
BIEL T D EIAETH D, Thebb,
DIZIH DNA Th 2 MENR72 < o4
WAEBONREN R~ Th - T-(DNAFERIRT L
T BEERRL) LFrEh T %, DNA TR
IS EHRIE N A DEETdH A 9 932

IIT iR e M A DREIR IX e fa ik Bl
Ferxe D ZIVE T 40 TV OWFFERCRIT, iR A
B L CEEBRMOIC D AL SRRV T B
N DN DGR ORI Th D Z L %
IR LT D 99, < O3 Al CRLRI S 4
DY ARSI, DAALOFIICITIEE ALY
B2, ZOBIEYE, T A NAARL—
BLOT v MR BGHiEIc S L7858 Th 5,
DI Z LT, 29 LR B iE, K
PR EORP AR TUEL I N & E(THED
T EHERHCEVVEE AR ST D O RS

a2 % Z ETRHIAET, D HHlED
HESRIETHAE DI & DS AAUICEED D Z Lo T,

IV b MERIZZRERAfLLZZVDN?
—J7, & MHGHIaE B ALE D Z LD
THEEL < FAOBFFERRIZ S LV 40 AELL B b SRR
T SADPAMZEE DR K LI AT
LD BT, EREENIEBI A S 2 DITEE A
0.7, Z LT, ZORIMIOERICEI LIzE )
WELRV, ThEL, b MEEESREEE
FEMAH T SND & MO FEERE) OG>k
HHRE & [FERIC —HEON AAVIFE, T70bh, fillly
DEFFMOIER:, IR b, YR,
SSEDEEATIERERE OIS, BRI ZEM 2 &
EHRBIT D, Lol fhoEBREMWMIIL L &> T
b ML, BASICERERE A xR
BEN TR MREVEAIEZ DA LT D Z LTk T
WV, UL, FAEED AT — NIEAS AT R
T5, TOZ L, oBRIZ T, B R
AT HESRIGTHEE A S (RSE(L) 5 720ial
BRSO TEEZ D IZ W EERL TN D,
IR DR E N A RTE T H— D DfHHAA &
LT, BRI ET 27 0 AT OEEIRR
<HBNTWD, 1FFHEHOT 1 271 TTAGGG
D 6 HEFED B 0 3K Ui CYL IR ORERI AT
TEL. DNA #H D LT DfE L, HDH—ED
FX#Y)% L#riERE 2 — R A 1008
BERE L72 < Ze D Ml X B L LIELC 9% & EhTn
%, EPRHEAERR 2 FF RPN AR, B <
2ol T B AT HTUICRT AR T 2 A L—A
DHEEEL TV D, - T, 71 A L—AIEEAH
ESHHZ L THllaa 3tk T& 5, RV, &
MEHIIZIE, IS OHBATIOT a2 A L—2A
TEER7ZZNEFE Lo TERD, Fxld, & ME
VRGO T 7 A L— AR 2R~ & 2 A,
vk m CREE A BAA LS Tl ok
TASHINE & [RIRRICBRO T B 2 L—RJEE 2 B> T
HZEERFER L (K1) 9, UL, HEs &R
UARIEIOFBR2 20 5 BIZEIFIZT 7 A L—RJE
MWD, YTARNLAZ—BIOT v FHE
HORIE, ARANET e & —IFAIC T 1 A L— TR



DT A2, FHOVEEZEY B LRI L
DAIACDIEZ D Z &N TE 5 99, ZOMEDE
VWAE MllEZ B R THRAEIED Z EsHEk

A B c A
PDN PDN
_lmﬂm 84781122153 P N 6 244479113 P N Hﬂmﬂwm

HE

1
B RBNR YV R R ORRICHE S T e A L
— ATEPEDZEE)

ROVRKRDFR TH 5D EEZ Hd, 78872 bIE,
IERE MIlZ B A LT 5720107 1 X L—RE
P —ZHNHIE L T DT 1 A L— A filli—
2= (TERT) {5 -OIEMALAmD THE)
THDHZENMBNTNDENLTHD, TrAL
— ATEVEITERHINE  © BISEHIRIC AN CRERIC
FHINTNDZEHRADILTEY, Fx D
FERIE DAL AL ORIESE F ) B RSAT
HTEEEHRLTVD,

ZLC, Milan ez #2 5 & v Mk
FiZ7 e A L—REEE—FITR LTnDH 2 e
LD ZOBBRITERIE TRy v v AT
BRI, DA E 25 L Ch, MbEEx
5 ETHD CTEHERBIR ThH D,

V B RBAL ORI 2

SC, I E T, 23 AR R BT
FONDZA LB PERDRE L THDH Z L AR L
7o 99, £ 95 ThiuL, B AIEHRT HIEAIT
Yett RS L2 5| X Z T HlarEE Ch 5 L HE
HTE D, Foxld TOFERGRE LTTr 2T,
PTTaRAT krhu AT, vy huY =4 (F
OER) 72 SR LTRRET L7, B ot R
DO HUMENZE DAl & B2 TD, HEH#R
HRUR-OEE EEEE R T, DS DI Bk % 722
W EHET 5, Tim. 290 LIERE &R 7/
R D2 < ITMI YRS & <ATHTHEE A2 H Th

59, LinL, Fx DFERIT. BEZF -7/l
DL, ERTERNE L ORI EEERD Z L
ERLTWD, EOEXFRD OEET, Yetfko
FHABSEE Q0D LTRSS, TOREKZX
2R,

X

-

AS MUY TREE

Zhlk
REU—HE R

I REEFEIRDEL

ERt>hOV—LA

MK
Rt ES

X2 Bl L s

W, UMD U 7Rl s Ay 5% il 2
Tk&“ﬂwoi<@w¢m%i%%@zé s
@%é‘gﬁ@mﬂ@_xﬁﬁénéméﬁéw

Z@ui®%%:“ﬁéMé®f ETOE
{Efﬁ&#ﬂﬁlﬁ ORI THED NI D ATREME THR S
TENDLTHA S, LonL, - =
MR & - TR MR A i =3 & o+
MRS U TR & B DAGSE- MR OB R A
icAxAa7 Uy 7%?3/5\?“%.6 ZEbhole, AuT
Vv 7 fERTET %@ﬂv%@%:iﬁﬁﬁﬁw@
WAELY @WTﬁé\%méﬁé ZDT=,
@%@ﬁ@%bﬂt?é#\%%ﬁ<ﬂ%ﬁ%ﬁ
\Z— ORI YR ID IAEND Z L1275,
Yeta (RN EE L U7 AR CIBE R R & <
2L, flix ONAFEZHBT D X 91275,
BUREIRC, Fomld, THUOAE R = YLt R I
{b=MRaR Al D3, HERHRIEDS A D FREEE T
L L L TnD,

VI BEEEBIEOERIIMD 2
QR BEIT & 0 & 512 L THlfass AL &
ETHDOTHA I N2 Hxid, v~V ALE FOlR
VR SR> & =5 ASHIN & DU ASHINE 2 55 L
ZNENOMIETIST D 3 ATTEFEI 2 i ~T2 5,



VO AHIIE T ISR 2 159 5 b DD, FE
HARAFVEHERE OGS 2 15 L Qa2 &
Doz, —H, ZfFRETIE. MY Y I—1k
L7 QBRI BR O IER O £ £ Th 2 YR
a— RSNTBEFTHEDORBINEF 1T > T
WD Z EDHo72 10, ZFUTH, HEFEEREDS
JUEL ., DNA BEMESEE L, 2o, FEIRRIFE
HHAE-CIE IS A M1 LT D, =5 b

28 AL A TR D AR T FE 72 TILZR U8,

AL AALDFIR TH 2 Z LI1FFR TR
e,

Pex DEREFEERNTMIRT D &, X3 TEIC
NTREE 2 D FTREMEDS R E VN, ET BT
MR S b= B TR L S, B miE
RERTET DI, B RERNDELF DI
72 UM L Z 2 VB IINS 2, Fxld,

HEIINS ST 1 A #HRATE
— = WLES ETTTEY e e
AR
A
SENE et
ssn R qﬂ
:=7> Ry 'l! SEEE ik EX l
BESSSHIL* BETF
Lq—q—q—q—q—’ SETUREL B

IS DA A o

3 EH#RFEN A DNA RGN & 7 DNA {55
P

ZDTIAND ) BLRNBADOERIL, FIRT 20
IRFEILL DN & RO RFM 7 N Th D &
BEZTCND, ZOEHMT ML, MlENES
F B R NS D AN T A = VFRELCAE U T
HLOTHY, BHICRETeTHRE

THRE RSN D FHBEFF Db D TH S 1013,

ZDOZ LI, BRI K DEREEN OH 7 U
R 02 7 VN7 EDIEED@ENT IV Th
% & DR OIS LARARNT R D, TEIEDS
W7 P HUE, DMSO 72 ED T VIV AF ¢
DX —THHE SO, TEET A OFIRAND
PV 2 2 H80AY 200 F / FPLLT LBV T,

AF X XUV R, SRR B S
Nz & EZIZROND, LnL, Fx DL
FCRTIE, BRI, 20 3 &R 1= b e

22 C AR LT ORI AL 2 52 BE I ¢ &
Dol 19, HGHRMUET 20 %12
HPEPNICIFELE X 20 C TR TE 57 V0L,
T bLERMT UHANENADERNT OhL
ThdEEZLND,

E#FMT ML, MlaNOEn %7 4 A
KBS B, ZDOREO—OPRHFIMETH B,
DT, FEMADTHE SN DA T Lz
HIfE-crE 2 e B AR S UM I, MR oBE N
WRZEND, 2 bar R TR E
DSHIENERLZ P V&£ T, NS %18
595 LW ROGE, EEOABERIZBN T
HH AR DTS 2 & Th 578, ML,
%9 LT DIVt U3 20 Mg o
S TEY ., BB BEHAHIN N T v 2 %
Lo TWHEDEEbS 1B, t hofiigiE, i
DSFEBRENY) ORI L ~HRaNER L 2 —E IR
OHENIDRBECIE STV D, ZDOZ L3 hO#
AR AAL LIZ S WERHO—D>TH B RIFEEH K
TV, R EIEL LIZFRE, 208 F A8
—REN NS SRR BT L S 5, 72D
B, HEHREG#E CRIE & S D LV ORI
ST, BNVEBEBN D NG A BT E A L
TWDIT|E T, ZNAERBREPADFRIEE S
TE->TWBDTIERNES D, Sz, &
BRESFHRC X DR NI AR AE IR L BT
TWAITEE 72V, T v AZEETHRNE, Kl
RRLISAD L9 2 SREIRICBR 37, lE OA4HEE
FAGLEENDLITHA I, o T, HOAILbE
752 LD TERWBIRTH Y EDEE bHIML
WCR&E L 72D, AT, AT 2B ST DNA
HETHD, EoT, HHFETHD DNA MIEH
IFRTZAVTN D DT, HULMARDOBERERH CYetalk
DARBSESRN—EA U e LTh, IROD5yZT
WZIE, EREZRTPOMRIC Lo CTEFARSENMThh
HTHAI,



VII 8bviz

Forx OFERIT, FERFRFED A OREIEIZIL DNA
G A LR & 3 DR LN DNA {52 )i &
LAV ET D 2 L 2R LT, £ LT,
DNA HEEZIFE LAl RSB SR C
bd, LIehioC, [EBEBER#EZ BB
T 5 s N ADIRRIL, DNA#EETH S|
&) RETHRED HITAR Y 2> T2 B LB
P (LNT) ARG & > THRERHRRODFE S ASEIRE
EHENT 2 = S ITRER 2 4 M e < T o Tz,
Flo, BB E > THE S5 DNA 54
JRE LRWRPARK TRE TWDHZIE, BA
FED AR TR E TWABILR L XRIF 52 LN T
e, AR AOBEIY, BIE T OZERAR
BRI, BE S~ TSm0 T, (KRR EkIC
I3, RIS TAEREREE) AMEET D B X
DONEHEFITSTNEWR D, FOEKT, it
BRI A Y AT ZHET B 72912, LNT 5D
FRITEESNORNETH D, BRI ADKE
(1373 DNA CTdb D &5 2 TR DA & #
g5 Z LITTET BRI RERR O
MITTERY, WEEENHOIE, R
DR L BRI A DHFA DR ZH )
12U, B EARI ST © 72 B R & % F
HIHZLThHD,

BE B
1) Zhou H, Randers-Pehrson G, Waldren CA, Vannais
D, Hall EJ, Hei TK.: Induction of a bystander
mutagenic effect of alpha particles in mammalian
cells, Proc Natl Acad Sci USA, 97(5): 2099-2104,
2000.

2) Sawant SG, Randers-Pehrson G, Geard CR,
Brenner DJ, Hall EJ.: The bystander effect in
radiation oncogenesis: 1. Transformation in C3H
10T1/2 cells in vitro can be initiated in the
unirradiated neighbors of irradiated cells, Radiat
Res, 155(3): 397-401, 2001.

3) Mitchell SA, Randers-Pehrson G, Brenner DJ, Hall
EdJ.: The bystander response in C3H 10T1/2 cells:

the influence of cell-to-cell contact, Radiat Res,
161(4): 397-401, 2004.

4) Suzuki K, Yasuda N, Suzuki F, Nikaido O,
Watanabe M.: Trisomy of chromosome 9q: specific
chromosome change associated with tumori-
genicity during the process of X-ray-induced
neoplastic transformation in golden hamster
embryo cells, Int J Cancer, 44(6): 1057-1061, 1989.

5) Watanabe M, Suzuki K, Kodama S: Karyotypic
changes with  neoplastic  conversion in
morphologically transformed golden hamster
embryo cells induced by X-rays, Cancer Res, 50(3):
760-765, 1990.

6) Kakunaga T: Neoplastic transformation of human
diploid fibroblast cells by chemical carcinogens,
Proc Natl Acad Sci USA, 75(3): 1334-1338, 1978.

7) Namba M, Nishitani K, Hyodoh F, Fukushima F,
Kimoto T.: Neoplastic transformation of human
diploid fibroblasts (KMST-6) by treatment with
60Co gamma rays, Int J Cancer, 35(2): 275-280,
1985.

8 Yang Z, Kodama S, Suzuki K, Watanabe M.:
Telomerase activity, telomere length, and
chromosome aberrations in the extension of life
span of human embryo cells induced by low-dose
X-rays, J Radiat Res (Tokyo), 39(1): 35-51, 1998.

9) Kodama S, Mori I, Koy K, Yang Z, Suzuki K,
Watanabe M.: Culture condition-dependent
senescence-like growth arrest and immortalization
in rodent embryo cells, Radiat Res, 155(1 Pt 2):
254-262, 2001.

10) Nawata H, Kashino G, Tano K, Daino K,
Shimada Y, Kugoh H, Oshimura M, Watanabe M.:
Dysregulation of gene expression in the artificial
human trisomy cells of chromosome 8 associated
with transformed cell phenotypes, PLoS One, 6(9):
€25319, 2011.

11) Kumagai J, Masui K, Itagaki Y, Shiotani M,
Kodama S, Watanabe M, Miyazaki T.: Long-lived

mutagenic radicals induced in mammalian cells by



lonizing radiation are mainly localized to proteins,
Radiat Res, 160(1): 95-102, 2003.

12) Kumagai J, Nakama M, Miyazaki T, Ise T,
Kodama S, Watanabe M.: Scavenging of long-lived
radicals by (-)-epigallocatechin-3-O-gallate and
simultaneous suppression of mutation in
irradiated mammalian cells, Radiat Phys Chem,
64: 293-297, 2002.

13) Matsumoto T, Miyazaki T, Kosugi Y, Kumada T,
Koyama S, Kodama S, Watanabe M.: Reaction of
long-lived radicals and vitamin C in gamma-
irradiated mammalian cells and their model
system at 259 K. Tunneling reaction in biological
system, Radiat Phys Chem, 49 (5): 547-551, 1997.

14)Koyama S, Kodama S, Suzuki K, Matsumoto T,
Miyazaki T, Watanabe M.: Radiation-induced

long-lived radicals which cause mutation and

transformation, Mutat Res, 421 (1): 45-54, 1998.

15) Yoishii H, Watanabe M.: Intervention of
oxygen-control ability to radiation sensitivity, cell
aging and cell transformation, J Radiat Res

(Tokyo), 50(2): 127-137, 2009.

AT CHE
19484E3 H 11 H IR BUIIHERR T (SRR LIT) CoE

1954 4E4 H SRR AH NN T

1960 4F4 A LRNET N AP FRNT:

1963 44 H Il FR SRS SR A%

1967 4E4 H SRR IR RN

19714E4 H BIRKFRFHENFRINT:

197344 H AAFHHRISSAERIIZA (1977 423 HET)

197745 A BIRKFHEABTF (1986428 HET)

1978 45 H FOORAS LIS GEAiL)

1982 4:11 H VA NSRS AMIFEFAITE S, (1984 4210 H &
CHHD)

1986 4E9 A R I NS FRe 1)

1992 4E1 H RIRFHES 0% (2006 412 HE0)

199444 H TR A L 7 — R B8d% (1996 4F
3 HETHHD

1999 4510 A RfPRZFRIER (2002 4710 H £ CTHHT)

20054F1 A TR FAR RIS (RS SO
TR A HT: ; 20124E3 A 0)

201243 A IRE

20124F-4 A TR 2 — R T



