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Technology development about establishment of a new radio-protective
system based on biological effects (2009)

Masami Watanabe (Research Reactor Institute, Kyoto University)
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Seiji Kodama (Frontier Science Innovation Center, Osaka Prefecture University)
Keiji Suzuki (Graduate School of Biomedical Sciences, Nagasaki University)

We started technology development about establishment of a new radio-protective system based
on biological effects. We present the result that we got in 2009 in this report.

Key words : Radiation protection. Low dose radiation. Radiation carcinogenesis. Linear-non-
threshold theory. non-targeted effects, Chromosomal instability, Bio-dosimeter, DNA lesion,
Skin three-dimensional culture

1. Purpose
To establishment of system of radiation carcinogenic risk prediction, we develop technology
about establishment of a new radio-protective system based on biological effects.

2. Results
Result provided in 2009 is gathered to three points of the following.

(1) We discovered that direct cause of radiation carcinogenesis was chromosomal aneuploid
formation and pseudo-bi-polar division in cells carrying multi-centrosomes produces
aneuploid. (Kyoto University)

(2) We found that when chromosome was irradiated by radiation, it became unstable. The
chromosome instability is maintained for a long term and transmitted through several
generations (Osaka Prefecture University).

(3) We established at new bio-dosimeter with human skin equivalent tissue, and found that
53BP-1 focus produced in artificial human skin tissue was able to measure radiation dose
around 100 mSv (Nagasaki University).

3. Conclusion

We carried out the predetermined technical development that we prospected in 2007. This
study had been done in three years from 2007 to 2009. And we discovered a new route of
radiation carcinogenesis started from non-DNA lesion. This discovery strongly suggests that a
review of concept of radiation protection based on linear-non-threshold (LNT) hypothesis is
necessary.

Because all the plans in the final year were achieved, we believe our purpose of this

technical development is proper.

4. This technical prospective development

This technical development clearly suggests that there is physiological-threshold in human
body influence of low dose radiation. Therefore, prompt revision of LNT hypothesis is
necessary. We can reduce a radiation control dose for the purpose of radiation protection thereby
and can avoid an excessive investment for the radio-protective measures.
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BB LI2S, TOFHE Y — L, ERRER T HMEICH LERVBERICHY . [KRE
BTHEIALTVE W HIN AL E — L e —H LT, MERENALDIFKT
L7 W ATREEZ R T 5D Th -T2,

HEIEE YO0 FHREEICIEREREONTZ(100%),
3.1.2 BERICL IRt EARARZ A FERFICE T IHECIH KE,. KR K

iﬂ\/‘!
TEHHRIEDS D A T = XN, Box RBLENOIRNTT 5 Z ENEEND, 2 AMIIC




T D ROFFED —Dl%, RN L ENETRT L ThHo, BEDINV—=F (KR
FESERZE) 13, ZORHEICER U, BEEHEIE I Lo TYREAERRNLZEBELT D 2 L8,
FEWABLOTDORDOPBADEMEOERIZKE S FEL TS TRL TS, £I T,
WD, A IRE U7z G iR 2 AR S IR A S 1L TV 22 WIS IS U IME R AL TEA

A 5X8-16 (4 Gy)

DAPI

FISH

DAPI

FISH

K4 #HiEL SEREBEOFRLEIL A, 5X8-16 MM, R U'B, 3X8-2 MMFIZHFEFET 5 4Gy
i Lice F S EBYEK L FISHETRH L, SHTERAKDORERL Y RAYLAK L DG
REBEORR-TREEERENALNS, BRNOKMEIL, TORFEZ2ESMBORESE (%)
R,

L. QR REERZETDNE I akiat Lz, TOTFZX 4 1R LTz,

ZORER, BIE LAVWRAKRZEA SN M TIE, LEROMEERFITaBIES
N o723, 4Gy O X BEIT < Lo REak e B A S Mg Tid, 30%LL Lol T
R IC A RE R A BE S, RARORLEDECLTND I ERbhroT, &
SI2, TOMEIT, R sk S U RBIRICDIZ > THEFF SN D 2 E3bo Tz, 1K
SRIE, RN LEEFET L EaRA LT,

ERDOHEITN—FCEERZE) X, Ak 20 45 £ TOMFIEAIE T, GRS %I
XN N AL, FORKEMOFEONL AKX — <A Ty MBI L . o,
N /BN (R, BB A b L RA)OEWC L S 4m L7228k & LTtk BT
NROLENDZEEHLMIL, REKEFIENBNRAOE B THERLIEITHDL ET
L CT&T, v~ VT H T —FISHIEIC X Dl f@ir 2B 2705 & BAALICEE S TN
HYR T, Y EE R Ch{ Bk EE bt Th D Z ERbhoTz, I T,

|



B 21 HEFEITIT, YR EBE L D5 & &1272 DA NIER O RRTR & et R B b 25 & i =
AR OV TIHEEZ B Z o7,

Wk 20 FEE £ TORERIZ, T AT BIOY 7T 0 2 7 OfEGER I, LeefkiEEo R
LZEMDIRE & 72 %08, RFEE TR GIER T2 REAERO R ZEDIRFIZILR > T
WZ EEHRICR L, T AT OBERTIL, REKRORERAEEZS ISR L, “BF
RO ERMET 203, T OB ZFi- -y ifiX, UIN-FEa 2R 2 T udEFTE T,
%2 <0%, BEMHTH Y, POEKREBIEORKICITZR B2, £ 2T, Rk 21 £, Hd
RO OREE R 08 & D X5 7 TR BB b 2 5 & L Z ¢ 2 IS &2 B CHF
BhERBIIoln,

ZORER, BHBRBA B X OREEBEERZEOVTNOAIRIC L > T, FEOED R
DRERED A~5 (FRREOSHE THEIND Z EBNbholz, AT, ZOHZIL, @F
DITXNVF—FELIESTI hary R THLIRIRT D EFNI &4 L - TERT M
JONERIL T P h L, DN, TOIRET P AANRERE S L 72> THEITL TS Z &2V
STy TP RYTICET DR —FEAI - TEASNDBILT D H L NEHEC
AL, Xy CRBIZE > THRILMEIEND Z EnbhoTe,

Fio, POEEOEEECTMAD 5 6, Ytk BB bIE, O RE M L 7= i
MRS, SR TIERe “HORTIBICRE D2 N borolz, TOTFHEKERN 5
L L=,

XAFYvo7iEs

MR

X5 REFREEEZFETIRE, MROSFEZIPLENERZZEZRALL, BEIX, 2
BORMER _BERR LBEHEDO otz (), BERBNZ SOQAE X, S0 E
DHORELZFHETD, 208, EHOBZEZT (bR) CEHBRICOBRSh I ELHEERIC
KIERRBEATOARENEL ., HBEIIBCEA2HEERFE ., LrLrL, ZHLEMETH- T
HHLERZWMIIBEL, SREFEZT L. —HOREBEROBREICEEOMHETIMNET S
(meroteric attachment)Z & IZ X > T, SHEFICWMVBINIREENHET S (). T0HAE.
BEEROKELREBLE) Z &2, REERELIREE 5,



W, ORI, FUENL o THIMEDERISE Z 0 . FICIE, ZEo ok
DR DD IUGE - TR LA LiBE 2 0 L >0l 24T 5 (K5 A) .
ZH LTALUEMEE, WITh bR CBEEHREFFLAEFTE S, —J7, ZfH L EoHL
BEFOMAIL, W, ZoREEZ, (Ks5HR) ZoHe, Ak 2 EOMi
WL SN D REERIEHRA 2 L EOMIL THERL S ND Z EIZ2 5 DT, filx ORI
RSN D BEERICKELRRENET H2MENELS, FEAEOEE, BIEHTHS &
Ezohd (M5Hd) o UL, Fxix, AF, {2 EOROMEER ST/ TH
DRI L, ZNONTMICHEED Z L TEMRATII R SR EEZ &, —A.
EH RSN EX D 2 2R L, L, SR &, kT fmnsl
NEEE D &, AR S IEONZ KL, EOFEN A OBFIRICHES TS (Ao
TV v 7FES) BRNEBEEICEZ Y, ZoRaMRIE, s E < E ST, DO
WCED R S, MR SsE T, BUNETERRICEN S Z L35 72(K 2 /), ZoHE, Y
BRI KRB OB TFORET 3T VA Thb bR aRo BE(bAE Z 32, Bl
WO KIE 72 RIITE Z 02 < FRITAFT D AlgetEn @, #2327 %, DNA & HE
D HBEEZ T CERENRFICRE->TYH, TOFEETH S DNA BNEFICE-NTOIE
RAHZHAETED, POKROEALRBREEZ X OND, 1o T, HEBEE FICHERT N
L&, BERNPIEFTFEMICEILZZIT 2512 b, Ml 38128 < ATREME I3 BRIT
BnEB2 65, FFE, Fxr OFETE, BEHRBRCEBERERICLHAEBHA ML
A%, AR ORIBANEESE 7 2 VB A EEREO 4~5 (FIZHN S 523, A L L7
Fa DML E N TCHE Lo F FHEFF STV D 7 — R T L A E 720,

Z D% L, DNA HETIEa # U ” 715 (FMRHEE) 235l & 4L 720 Yeta (R
ENET DRENIFAET D 2 &AM U, AEATBR R A B) 2 BRIAR STk 2 23 81T 72
[DNAHBEZER & LRWEBNARBEBGFIET S EW IO ELMEEZFEN T 55D T
H5D,

BESIEE : YO0 THEZCEZRERFEONT(100%).

3.1.3 PO KEBINENABECRETHREICETIHE GRHEKZEHEY)

T BRIE DS AT, PR BB LN EERERZ R L TWD 2 -2, Bide
NETD ERERNBABE Z RS 50O0MIPMETIZR, T2 T, b MEAKD T A7
TV —ZMBAICER L. 2O SER L2/ Mg %2 IEE s maEsSE AT
AN BB 2Bk D7 EOFRILEEZRME L, BABERR L e B BEKE
FRT=, ZORFZETIE, ERE Mg, ER e NEOREB/IMEMAIETEA L, EH
AT DY, BA ISR O 72 DI LB 2R KA PE R R T2 A L, S oo e
ERZXBI LTz, M 6 2%, 8 FYAMRAEA L CTER L g afino etk sz ~ v F 7
T —E YL TR LT R LD, =R L7z 8 HFYEKD H B 1 RIZEA
PERIZEEND XA~ A ¥ UTMEER T DNEAET D ERbD, Bk =fE Rl
T I 1 DB In T RBURELR DNA 7 L AJETHT L7z & 2 A A L7 8 BRI
FET DG+ ORBEET, Y Oi) 2 KRoMiaIcs T 2 BBEEDB X E 1.3 fFi28nL 7=,
UL, B Z L2, LS OREBIRORBLEIT, KEE T AR MIRICE T 2B E
D T0~80%ITIE T LTz, WOIRDNRT U ANENT D Z LIZk o T, EiaFDIFEN
TUANELTHZ LT, EETORBIRENRKRELS LTI EEZERL TS, X
T, “MEHRET 2R BEOREOENT, BETOIWENRERDLZ ENbhrolc, 2oL
BN ET AT, AFEETITRHATE R o720, ROEBOENZ AT I v
JICEBIERBEBUCHET 2 L 2EWR L TEY ., KIEH SHen b2 OiEisss ) v
O ENTVRWEBEBEH(=E Y = 3T v )28 s F B OfF & L CThid T




BERBERTHD, D, JEEREELICL > T, BEFOEEE (BREHR) 20T
5 Z L7 AR AT D BREN ) & 72> T % ATREPEIZ RV,

. . & ' ¥
1 2 3 4 5
i‘ /" - - - b -’ © Y a ~ » - - "
6 7 8 9 10 11 12
“A .t a e o Ey P - - - ’s .

13 14 15 16 17 18

X6 M/ EMeEEC LV IERINE 8 BREAKO=ZAFEBECLE NROBERE O VT I T
—HOCR AL (M-FISH) IZ X 5T 6l. ARAI~NY FORTARBRIRERABShIEHEFICEAShE
BELBEETRTRA~A VTR EBTHFET 5,

E =] TC

¢g§§§ FUKESULERE
# HEIFKREFHIREREDER
#6 L HE35-1 (TPDN42.7)
#1 BARTERTZTHD LR

EEIK OB

.8 MREMEEE DR
HROABEROLER
U S B{EH2ANT A —H R DT HED L5

HE35(Neo8)-1 (TPDN:43.0)

T Lce FRIRTRRELLCEELE, AR, & MERBRIAERMRIC 8 BRERK
EEALLEK, RohiciasfigiE ke BEL L -MREOER (AT).
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BESIEE : YPOO0THREZCEEZET IRELEOLN(100%).

3.1.4 A\MERIES GRHEIKRZE, KRB KE, RIFKE)

AFEEOFERIL, Fox 23 8177 1FEDNAENZEFEE TE2RDARKBNGEET D] &0
IMEEMEFHNIE LN E 2R LTS, 20O &%, HEHHRFEN AT DNA 15 % i
e LTHEIND & T HBEFO R ERE RIS R Z & TN T b0 Th b,

[1] 207z, Foxix, FEF 21 FEICE, FRC, FRARZ R E R B T O0VFERRELE
U TR A L, JE DNA #HIEZ R & L2 BN AR OFEEZRBMSE 5 2 &
(ZJE L L, DNA 152 IR & 3 2 R A ARSI U THEEE ST 2 BETE O i RRBA
LSO PRSI D L R LT,

[2] 224 Z FERR AL [E N A O T R A 2 B O P 22 S U S8, Z OB O HEE &
DOt « i 8 U2 R a2 BE IR Uiz, ek 21 I, LSS 2
4 (RIR KA, & BB 8 4 (AR, KBRS 22 LTz,

[3] SERE 21 4FE & 5] X 58 X U RS B DR WV 2 EE > ANM & BT 5 72 O I E K
e R SERZED /1 LT, A 1 BIOBEE CIRMBEBRED L Ea—r I —%2H
L7z, ZOLEa—tEIF—TClk, ZEBIOFEDOKF|REE 2 408 HY L, K
FHRAEMFETIHER SN TWAET—<ICONT L Ea—Z28D, £ A 1 BREFEFRE DO &
ZHIUTHEE 30 FEE DRt A 3 2722 ) R THEM L7228 U EW 26T D IR IR
HIik DRI T2,

3.2 A MERAEFLEMYIMHOREEEEINCR L, )
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