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SUMMARY
(4 & 8 ¢ &)

I. Project Title

Development of Radiation Biological Dosimetry

II. Objectives and Importance of the Project

Recently there has been increase in number of nuclear power plants and
radiation-related facilities in Korea because of little energy sources in Korea. So
there are increases in interest of general population to radiation hazard because
accidental radiation exposure would frequently be occurred in the radiation-related
facilities such as Chernobyl “melt down®, Tokaimura accident in Japan. However,
there were not effective biodosimetries to estimate early dose prediction of victims
in case of radiation disaster before this project. We must make the exact
biodosimetry to estimate the absorbed dose of the irradiated victims (sometimes
retrospectively) for Radiation Emergency Medical Preparedness and Assistance
Network against Radiation Hazard. Therefore, we have been studying the
development of more useful biodosimetry for many years in Korea Institute of
Radiological & Medical Sciences (KIRAMS) under the support of Ministry of Science
and Technology. The purpose of the present investigation was to determine the
quantitative system of the exposed dose as (sometimes retrospectively) biological
dosimetry to establish the triage that we can divide victims according to the
absorbed dose. The exact quantitative method to estimate the damages of the
internal organ and radiosensitive tissues remains ill-defined yet. Especially, despite
of increasing the use of atomic power because of not being an adequate another

energy sources that is much more clean fuel yet, there didn’t prepare the triage



and the medical management and care system of victims against radiation hazard,
but only establish the administrative measure in Korea.

Therefore, we should need to establish the useful (sometimes retrospective)
biological dosimetry for radiation injury of the irradiated victims for a comfortable
life of people and establishment of technical foundation of national atomic energy.
There is no medical management and care system according to the irradiated dose,
and no establishment of biological dosimetry by which we can estimate the
relationship between the pattern of clinical sign or the degree of cell damage and
the exposed dose. Accordingly, there is also an urgent need to establish
systematically biodosimetry to evaluate the medical phenomena of radiation damages
and dose evaluation of victims by observing a variety of morphological and
molecular biological changes in the human radiosensitive cells and organs. This
study was carried out to determine the quantitative system in radiation biological
dosimetry to establish the triage which we can evaluate the predicted dose and

degree of radiation injury in the case of radiation accident.

III. Scope and Contents of the Project
1. Development of radiation biological dosimetry

1) Development of cytogenetic parameters for radiation biclogical dosimetry

We established not only the quantitative analysis and standardization of
parameter such as chromosome dicentric assay, micronuclei assay, premature
chromosome condensation assay, and translocation (FISH) assay which were the
significant relationship between dose and cell damages to evaluate the absorbed

dose as correct as possible using lymphocytes.

2) Development of new radiation biological indicators

We tried to develope the new techniques such as the bioartificial skin biosensor



assay, the P21 biosensor assay, the yH2AX assay, the cluster DNA damage
analysis assay, and ecobiodosimetry assay system to use for radiation biological

dosimetric indicators.

IV. Results

1. Development of radiation biological dosimetry
1) Development of cytogenetic parameters for radiation biological dosimetry

We established the dose-response relationship and standardization of
chromosome dicentric assay, micronuclei assay, premature chromosome
condensation assay, translocation (FISH) assay. For the dose-response study in
chromosome dicentric assay, the induced chromosome dicentrics were observed
all doses, and the numerical changes according to doses. In dose-response
curves fit linear-quadratic form Y = 0.0023 + 0.0169D + 0.0672D% R® = 0.9997,
Y is the number of dicentrics per lymphocyte, D is exposed dose (Gy). For the
dose-response study in micronuclei assay, the induced micronuclei were
observed all doses, and the numerical changes according to doses. In
dose-response curves fit linear-quadratic form Y = 0.0343 + 0.1129D +
0.0504D% R® = 0.9976, Y is the number of micronucleus per lymphocyte, D is
exposed dose (Gy). For the dose-response study in translocation assay, the
induced translocations were observed all doses, and the numerical changes
according to doses. In dose-response curves fit linear-quadratic form Y = -
0.001 + 0.1099D + 0.0501D% R* = 0.9952, Y is the number of translocation per
lymphocyte, D is exposed dose (Gy). For the dose-response study in Okadaic
acid PCC assay, the induced PCCs were observed all doses, and the numerical
changes according to doses. In dose-response curves fit linear-quadratic form
Average: Y = 46 + (1.113+0.510D + (0.372+0.07DD? , R2;0.987, Y is the
number of PCC ring per lymphocyte, D is exposed dose (Gy).
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2) Development of new radiation biological indicators for biodosimetry
(1) Biochemical indicators for biodosimetry
(a) The bioartificial skin biosensor assay
The bioartificial skin biosensor assay was effective and well-directed
technique for biodosimetry under 2 Gy and optimal period is before 24
hours after exposure.
(b) The P21 biosensor assay
The P21 biosensor assay was effective and well-directed technique for
biodosimetry under 2 Gy and optimal period is before 48 hours after
exposure.
() yH2AX assay

y H2AX assay was not proper biodosimetry assay.

2. Cytogenetic dosimetry for radiation exposure using animal

No significant difference was found in the counts between Nuclear power
plant and control area. The peak of binucleated cell formation was found at a
concentration of 2 %PHA and 4 ug/ml Cyt-B. The MN frequencies in unexposed
lymphocytes were not significantly different from donor to donor. There was a
significant relationship between the frequency of induced MN and dose of
gamma-rays. Regression analyses of the data showed that a linear-quadratic
model (y = aD + bD? + ¢ ; where D is dose in Gy and y is the number of MN
per CB cell) gave an excellent fit. When analysed by linear-quadratic model the
line of best fit was Cattle: y = 0.1016D + 0.0118D* + 0.0147, Goat: y = 0.1353D
+ 0.004322D% + 0.00867, Pig: y = 0.0183D + 0.0124D* + 0.0133. The incidence was
expressed as the number of micronuclei per 1000 binucleated lymphocytes. The
incidences in Wolsong, Uljin, Younggwang and control area were 9.87, 8.90, 9.20

and 9.60(1st experiment), 9.30(2nd experiment), respectively. An estimated MN
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rates were calculated by best fitting linear-quadratic model based on the
radiation-induced MN data over the range from 0 Gy to 4 Gy from the goat
lymphocytes with in vitro irradiation. According to the dose response relationship,
mean incidences of micronuclei of the cattle bred in the nuclear power plant
(Wolsong, Uljin and Younggwang) and control area were equivalent to the results
obtained by in vitro radiation exposure of gamma-rays at doses of -4.78 cGy,
-5.71 cGy, -5.46 cGy and -5.05 cGy(lst experiment), -5.35 cGy(2nd experiment)
exposure, respectively. The incidence was expressed as the number of
micronuclei per 1000 binucleated lymphocytes. The incidences in Wolsong, Uljin
and control area were 9.60, 6.83 and 9.88, respectively. According to the dose
response relationship, mean incidences of micronuclei of the goat bred in the
nuclear power plant (Wolsong, Uljin) and control area were equivalent to the
results obtained by in vitro radiation exposure of gamma-rays at doses of 0.68
cGy, -139 cGy and 0.89 cGy exposure, respectively. The incidence was
expressed as the number of micronuclei per 1000 binucleated lymphocytes. The
incidences in Younggwang and control area were 10.60 and 11.60, respectively.
According to the dose response relationship, mean incidences of micronuclei of
the cattle bred in the nuclear power plant (Younggwang) and control area were
equivalent to the results obtained by in vitro radiation exposure of gamma-rays
at doses of -16.63 cGy and -13.21 cGy exposure, respectively. There were no
significant differences in MN frequencies and hematological values in animals

between nuclear power plant and control area.

V. Plan and Proposal of Application

We must use the exact biodosimetry to estimate the absorbed dose of the
irradiated victims retrospectively for Radiation Emergency Medical Preparedness and

Assistance Network against Radiation Hazard because there were not effective
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biodosimetries to estimate early dose prediction of victims in case of radiation

disaster.

& It can be used Dbasic data of radiation-induced cancer and malformation
through predicting degree of human hazard.

@ Developed indicators will be needed to determine the quantitative system of the
exposed dose rapidly as retrospectively biological dosimetry to establish the
triage that we can divide victims according to the absorbed dose for saving
people from radiation accident by Radiation medical Preparedness.

& This data should give scientific results in cytogenetics, radio-biology,
radio-pathology, and radiotherapeutics, especially development of radioprotective
drugs, and mechanical research of radiosensitive cells and be used as good
indicators.

& 1t will be applied establishment of medical services for radiation accident in
special hospital of treating irradiated victim s and basic data for education and
public information against radiation hazard.

& 1t should be applied indicators of human injury and degree of cell damage of
victims in radiation-related international conference, and to evaluate differences
of radiosensitivity between races or regions as the end point.

& The results of these studies demonstrate that using cytogenetic biomarkers
ofradiation exposure in cattle, goat and pig lymphocytes for environmental
biodosimetry represents a useful methodology for conducting exposure
assessments for organisms inhabiting radionuclide-contaminated environments,
and would provide genetically relevant measurement endpoints for ecological
risk assessments.

€ Our radiobiological study confirmed that the cytogenetic response obtained in
blood from cattle, goat and pig can be utilized for application in environmental

studies.
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M1 & AFMERH el e

Ald aTALe] 22, Way 2 A9

& FuSte dvAde BA=R 2005d A HEHI AE 20718 LAY TR0 A
AsteE AdAFHAYA A 0%l & AV HEC AExd dAAT 2 dE
Tokaimura *¥Abs FEALS 22 £]9 IAbd Asf 2 P4l vl w2 4

& =3 PAA BE UYY BFoE As AR, ATE B R AAIA S A
FAQe AHgol FAST 7] MBS WAM HIE AT L PAAA] BAADI

& olo) W PAM NETHAY MEUFe v FBY T F A= AL B
A erom, @7} w4 AR AAE H2ol SoA 2
ZFA02 oA A& 1 dE AR YL
=8 FRANAE B Aol AW FRAFE Aol AEBAY AFE A
S AERE AF 28 AT L PAH A ¢ B A= DD A
AA GF B7E 71E AL F2 AAGYRFANAT AARY ATE FIHT A%
& obF A G v AR AA FE L PAY AR 4 BAY AR e B}
Nee obd AAHNCE $¥HA 2 4Fo|BE uehd Tolkuio} WEAust A=
= QRIS TS BY WEAT A ASBA A WNBHge) Be A A
B8 A= 438 FF% L SHEYY FPLA) A8I1Ee AEstdor
& =3 A Ostm U AN AE & BRAY T THF P AZATAGY g
WA o SBA AN AR B3 W7 J1E R OPAN AR EE Wk N1EE AL
E R aTHAE F99 IRHA ABT AR UKl g BAwsas I
A4 7&7)e] FPol AT YT 712 F Ug RO ARHI) YR WA
MI7HA AN AR HPHolor T WaHo) AL
¢ IYEE E AT A B PAM Axe] oiE 3 dAY dBoz A g3
AP AYFAR, PAAAE G B 2 PAYEALL AE B 5¢ 5
PAH HEAF AZ3 QA B AEE WA £ Ax WEY AL R P
G 24 Bl FF WA AFsAel Yt AZBA WY WE AA TH Bas
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o, PAR A g A Am Be Huh D B4 AA A Bobel o183 & e
A A7z wud

FEL F9 B4 EASE o9 A4 FASA] 9FL BoBE AFS 9
o) ABRAS FHUTE BHAA A A FAR W ohyzt Az of
& FAAA e AT & Qo T BA FAH B RobdA w
22808 5 9% (1617

292, B ATGAE & ARNY L HAE HPoR FA4H L AEd B
AT Y7o A Y vrae FPse] AR VAR, 1 2 4F)
S dzAGe) Jolg BRIGOH nod A AL AGHes 42H PA
A NE AF-g FAYe) HEse] FHNFL FIHAS

3 2884 $4 oyl T2H ol HUs: B F4 S4¢ 3
hebetl el o83 glom =3 GMA ol 4 Bk R4o] Folsty A

kol AHA cgfdde AHE AY:  glel, HIel  Cytokinesis-Block
Micronucleus (CBMN)E4 o] /=AM 1 &840 oS Foidz d=v
(Fenech,1993) £3] CBMN2 M2 Rd JAAE At MEH <o) FA9
de 71 Axhs #FE F e Mol gl A WA EIIE AXdA9
SHE A3 Y & 3(Sgura et al, 1997)

CBMN 42 43 9o Zdlo] AAF AHXHYH HolXTt 43 EF A A<
HAY bud 2 F Mo Feo] AAHoA olFd FAA FAHHAE
nucleoplasmic Bridge (NPB)E 37 4% & &= FHE& AYY, bude PAHA
o o3 FAA Hdo] dojur &4 HH F FEF B AR Qs
FHHI AZro] Ade] met o)A Hold U9 Ao g WAy Ruy
© 2 % (Shimizu et al,, 1998, Mitchell and Norman, 1987) &3} 4o = th& 7]
Ao g2 AAFHALH, Crott (200D budet NPB= £33 o

o)A folic acid deficiencyel BE3A A FEA 9 EFRGA L HAZE3tY budy
TR FFo] OF BETFH ARIZANE 4T $ Atk R usdS(Crott
et al, 2001

€ ©ebA interphase FISHZIW 3 A3 EA S BHld PHE o] 43te] budy



AR AR F ER FAAY FZ 2 ddozRE HoX U bud7t &AFA
o NdslE ARE AH ANY F AF

Ao 8 @AA weh8q24)ol EASIY ugmA o] #Adt= c-myc AR
ZZ9 FISH 71¥ <& 53 FAFez A budr} c-myc #34 %2 BEH A
F2AM9 Z47ts4e ASsty B budrt £2¥E FA4s 02 7]HUA

ARE Tl Y2E AESLAH AFAZA bude] BEES HET Havh 3

ofN

rlr

o

t

g NPBE F719 Tdlo] Moz AR A o]Fd ¥AZ FAHAAL 3
o B® (Fenech, 1997, Crott, 2001) YWtz o= NPBE 437 o] #ZFH | o
= A AHOZ NPB7} o] 5 gAAz FAs = AdAsn gley o
7AA 1] tid AF7F vBEy] dEC M2 JETH HFARAY BEAHS
A% davt AF

T, 238 AZELY

Ir

A 27 A G B @47 ddd dAA
o o& FAHEY HIZde 54 FAY FFoF YAHEHE budd o3 A
HolRE AeE FAHT AT &3 FAPo AT AFT 1AL oHF7A &
A2 G+

b o] ola] FAE &ML PAMFo|Y AN wet I AHTE FH
FEH7] B AFEHo] WaAe o3 fEEHe A &3S Brkse d
ol 9l WHoz dARFojgon WA Atzd 9% &g BRI FHYA
(Zwingmann et al., 1998 ;Fucic et al, 2000) =& X &(Thierens et al, 1996)l
9% =22 RUEPsE AE%H NER E8Y 5 dFol B3 HA E
(Vral et al., 1997)

gy A FEZ o] oA QAT A HQd 4
T, g RSP 2F] J)Ye FAA ] BEE Pl o 4=
= Roz d3A gon WA % 4¥ FAAANA BEY B Ad
A AAYE TFRHE ARG Ao o dMA ddo] © wol Z1H%
T Aol B Hi 1S (Vral et al, 1997)
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& TbA FAAG o3 QA £4S FUIE W 2R EAEE F83] fAAE
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Weld joints, pipes, tanks, nuclear facilities®] A Wk Fopol FApst= Hl 93
AN ZEASLS YA BE 2EAE F M AT =

A dEd Az Q3 HAFEREFC YolM BT oy

radiographer (industrial radiographer)®] &3, JAH o]/ge] ¥Ix=7}
o] froe Eoda By Hu glenz AMF A A
ZAEL RUHY & & JE 45 A AL ool vt sl

rir

oo

=3 48 949 s whole FAAUAA = F4H FAAAE FRY o
a8e] 7o) o8 FRIVE SFROU JaAAET 277 h2x GRS o
Boto] Ade] THEE ATt 7] W) £AF A ojw T AT Bl
e stetats o]l BrbsEAS

a8y AZ =99 interphase FISH HPiol &EAS FAld F33pd &3
W 238 53 AAAF A 5 Qv] gEd EHeFEL =25 et
G SAGARY &4e sobe & o] B QA ol FAT AMAe] BE
do) e AW W 43 W 3 24 53 2L 48 FYAANA owF /-
o] X3 dertE 4A FAY 4 AL (Eino et al, 1994, Norppa et al,
1993)

rr

& kA AR 3} pan-centromeric probeE AHE-3F FISHZ1' & W33t  whole

4

chromosomeell ¢j3] FAHE 2¥x GAA HH 3 FHD LS

centromeric signal &%-o wal RO EN WAL o3 A 239 74

& sobga SAd AAFAAHQ A8 A AHHA FARAA o7 FFR

< H7ME F de B 88% + e

AFANNE NZ$ FAE 2o AX F287 AX2A budsh NPB| &4

4L gostgoed, & AFdiE AY FZFo PAAS AR F DNA
ANED, & AXL F7] F Gl7]o) DNA EA B 38 FAA
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chromatin®} integrityS #A3+=t) B Q3% &4 ADP-ribosyl transferase®] %t
€& 9Ast= 3-Aminobenzamide (3-AB)$} DNA polymerase o} &= A|sh=
Cytosine Arabinoside(Ara C) 18} S7]o] DNA EA = 3E G A
ribonucleotide reductase®} Z-8-& A3} HydroxyureaHU)E 54 HZF7]d
A g T FF g Z1de] Z4r] & DNA 3 E53H3 A Al o3 43 &
bud¢} NPB 2 Wixo] Wslg gAgozyn T4 tad 71de sobste Y&
A AFARA ] BFAEE AS3A s

183, c-myc LSl probeE o]83% FISH71H S AdEA 3 yPgo=Z A bude
A AR F c-myc AR FZ 9 glozRE Fojx UL budrt 428
Aol 7l9ste FEE Y FAFe2A bud’t BF FHA FFY AETH
AFEANO FLI5AHL AZ3T bud/l 238-¢ A= &

BE st N2 AESH AFAZA budd B8RS AFstnA s
AFHR oz AMF YA wEd vivy FEAES dFLE AMF WA
Aol 9% 9 wo wzstA Hrreky] Ysi &% 247 pan-centromeric probe
£ A3 FISH71H-& W33t whole chromosomeol] <ol A€ Az G4
A Ao o3 AP AW TEAFoRA WA os] FAdR £ Fd
< Fotgta FAO] AALAAZEA A%S A7 AFAHQL YA oY IFT

& BHY 5+ PHeRAY BYES AFHud AR

1

> A A itk AEHRJA 95 AAY TFHFES AT AL AF 8AY
¥ AF AFS dFF F Qe VESH AF SAYY 47 A2 A
Zo g 1A A gk G Aol wEA d8

> AAH LA AAZ melt-downolvt A AF FEAIL, HFI[HA A
A, g ABE HAY FHELY FAFEFAY Ede=
T8 WA FHELY L 9AaL, 53] U
YA A FALAEY HAFFFIY A2 AT FRIY AN =
EAaz dEE A AEE 45T F Je N AFSEH



I BETH AFESAEY 2F3 sy 2

AABA7)| Tl A & REMPAN (radiation emergency medical preparedness
and assistance)®] networke] $AEol A= &AW, ¥ #-E EoF
= g FAY Az PPl n2HL e B AFHAA H
F7HAQl A¢e] wAREWA 7 dAF A AAEE FTPEAR
AN EAE S Ads i FEEAY A I F/dF] BE FAA <
A A A= dSHY AFIrE AL 2 Yol FAF Fad A
gaAde] g d=e S0l AESH IR ZFA T Aol i 7
Z Agdd ZAT IJF A9 HHT §F AXNY /Mol ¥8

PAATZ Fzle] AL XNEE S BAEF(riage)s JF BA9
3 Ao XN8EE g Fasiy, FAde YA s8R 2 AR
#FE FAREY AL ANAF Zo o HEHH AFSHY FdH =
FAA s ZEE Wik AA A HriE Z9Y] AU EeHd #
YAA] He

FAA 9 ZzLY] AAZE FEAZS 3 B WA FAZFA, WA A
S84 2 FAAE U FHEAE §F cohort FHLE AZA FAYA
AL 7o B

A Aol e AEH = AAe FHES AT WA AE B
AP DF JFS Q3T F e AETH AF F
Z2e] 259 §713Q WA PerEge 8
FAR AFe] A L9 PAXAZ oz HAHE AAFHE FHFATL
2} olu] B AT AF AR WA ZA, free radical scavenger, 4
F3A 2 2Q/FA T FAAiy &7 AT, AZTHF BE F
oA BF, AUed A AT AEE AT AGAY EF H 7
Fol AFsE T YA v EAA S EESI| e

)
Hd
\d
—r—l

ol

—

o
oL
o
R
=y
)
2
flo
1)



> U FH FR R R AGFAR S P 22 BS9S] AR
NF 240 08 AF 4F 4F S50 e L A
=

o o3 LASE AA FAE sersts] st HTHFH) M-
b TAAG g AAGH TR BAYRGRH o2 WMoz @ o3y w7

Azb B ORAN HESAe] FHzAY AA FPoE AAH

> 9l FH FT W AN AIFAA S PN B BelB 5 HRGF
HNF Zgel 9 AE dF 4F 250) 7bsd AL 7))
Zof o% AA A3 AP B AAE 4% WA ¥ 2 AA &
> 37] BA Aol Ba® ABSH U Y AL B AANAE A
2z Yo} AY FES o83k MX 2ol W BA3e] PAM B
sl we gs BAY Y T4 AAYeE vetstel AEAFTHY ABA
A77 B8

AL Baye AA - HUH =9

b AAY oA e g APTRe FrFH WEE Ty AAPIUY A%
Hel 34 4% AP0 AAY fAo Bad AdAY s ALy g
o} 9d A3 e BAM RS A A&En e YAT £ Yk I
e FP} olo] Wad 9Br|&e Hge] WH oz Wahxolop 3

> mebd A Wy 3 P BE EARY EEAZAY AE




Hol AT AR 53 AAHLE o7 o]d it AAARJ] th-gHtol
FY5o] QA forpz AFIRY iz Hujo {FdAdeE WeEd
A Fadde] AAE Ao 7oA AY
> AAY WAL T oPAA FE AGAY AE Aqe] diF T 2H AA Y e
> ERH A9 2 FF AT7E 5 AN AET A7 A4 g 3 54 29
AEY 478 F43 A7 98 13 day uF
> AT Ve =YdH e 99 flol AAF R WAL A W AAE TH
&to] WA &de st B A& U 843 AlF

J2
i

s
rr

2

AFAE Ban| A3 - F2h8 2

> FUE AEHR dF 2
o AF SR ALl )

A§F Bayol A

2l

-
2

£ AR AR B T VHEE FAND AY

b AZ eA, ARG A2F 2

15 Sl EFASE FAAEY ARADH F3 ZAE St PAM HEoE

1 ol gae] /178 8ol AFHo2 BT 5 gl FUY APFA

3 HaE AAY ol fo] 8¢ F AL

b AR ol MM Fue 373 BUHY L 29 B0 B =AY B 3
AE A% A8 AT

bR HEAe) AEE AT P AR J)EANEe] B AFAYNS F7HH
Ao BT 4Ry 4 due] B =ue] ANEE FAAY Y BT
o WaA

b 2 AAEBA Y BB ol dirty weapond o148 WAV e
s B3 @ Aol e FASA DAY & Y= 7<) Mol Y o B
oy
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M o2& e Jsie s

A1A 09 At 283 A7A 2 -9 EAE |
Fol 4] AAHe 9

& Bl 7 A9 xEH PAY FUALS AU LPoE dojut P
AE Aze) AT A A SHE BY BAss 4E4E 2 ArstE
TE FUAHOE obf sz AT WA Y= Holn, PAH WEo) we
AE, 370 L AN PAH DR B Agd dF A7 A% AxF
S

& A2 PAM gF BAWol Hdw Wete] A)We EAABHH o 75
of A FAE Bt ASF 5 gk AR AFSHY AL A7 9ol
HE ol 2YHT QAT Tt A3 ATIIHNA AAA Aol o
WELH AP wol Mnd us) ATHL UL

& el QA Feel AF 487t FRA G FueldE B4 A Fo 2
Ashe AL AWEY FUE AR AEe £4E & 5 U o] YR
Folol, @A WED Yrise] ATE F2 AEFE o] 8F ARV Ao B
oF AA Agol BE FAN YL

r2

kl

& P e AE YESH AT A EAMESH L A 9%
A7l AEH FHA = DNA 5¢ ol §% PAH BEHA JAe B45

£ 98 /b 33WES AEEZ DU parametersl ARHS YA 2o
PAA T Epe) sl A&sta ekabA A Aol AEE 42T
Ao YESD HF ZPPL o1y 29H] YN 2L

& AZ SE T YRNAE Avkel HHREB@ATER, 2T g

RERER 2 78 d2) g8 0 PAN J2GaTaE FHOE HE 9

4
32
rr

B G Wolsh fAA Wk Fol BR ATE BE A2 SR )
@ AT AT glon, 53 B FRY B A sl U WY
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Zo) Qod, JEA T4 AAYS A7 AAS 2322 Joy, PN E
A ol std o] FPAAN AR SAE 7 AEE o] AFEA UL

& 299 WAA Ao dinlsted wl=<9] Oak Ridge 74, =& SCPRI &
M HAFAe PG XNzl izt N5 Aol gdow, M AUEeE ©e
o] AA Ao oiug FAEL 1 YA vt obF ol W3t ol

& A FHLAe ol f Zule} A& YAFHAFY Aol S8k o &
oo WAL W Z AtzmAte] Uit $F AEUlYe Yo dag WAL AZA
of g BESHH ME AFE 45T F e AENFH AF SHYL dAH 9
slo] AT HE I QF AT 8T F de AR Y

& SUoles A 207] AR JhEel ot A LA FE gEsta U=
Z71d ANUAZFAAZ Rol Az dAATe FAGE Abae] A 7HEA o
3oz B A7 AE7A A7 AL AESH WA AFAF =
ME o] &3te B WA IHEZFAEY EF (triage)dS FHL Je T
o glony, E3 dxHsUA dojd WAY FHEALE B AR A §oA
o %z A URTE AFH B3NS A AFHAFE A s EU=
o] I Z g HAS AAs Y =% 1 A

& 2 dAFHAE IAEAVT FH3dtx 3+ Dicentric assay, translocation assay,

a]

oX

micronucleus assay, prematurely condensed chromosome assay 53 #Z<&
parameterE& o]g3lo] WAL B Eo| wE MNE, 7] R AR AFAFE
d2 ARsr) 94T BAreye 9 5 A7 fton, on A7 ¥
A=l AETH AFEFAY FEL AT £ =23 doH, dA
AR 3] Z A3 e i8] custom serviceE 3SR o™, Rk HFE W
AN B ZE AFe A% AFse BESE Yot 4 ER dFFsta S
& IFEAL 54 G492 DNA probecll EAAA A AL FAL +
& FISH7|¥  Pinkel 5(1986)°] <] 7d=d o] FISH 7] &84 o
3 AT77 FietA o]FojA 1 S (Natarajan et al, 1994, Baucinger et al.,
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1993)

& B3] FAAEC g HEAIE F Qe FISH/ ML 7] 2 F7] 9448 o
Aog F£PHH E3J) 717 A FISHZ/ W& F2 o)A 7} HthHbreakage)S
AZE 5 dvh B dFFA A= interphase FISH el 4 =3
SA7INS Aeete 29 z3E JANE FAsRon, B4 AR oF
A JaAe R e AR 2 43 U EF FH 5 HuF wE3 44
g3 ARE €& 7 dve A1 S AU UF

& Vral 519972 F=Z7l 01 - 2Gy 74X 9] A ZF A S 24 5 &9 2

&
e
2
o
e

o)
o] NixE A F7He WY, signalgs TS AL gz HlE A9 Z
o7k RASE Mol WA A o8 FuHE LWL dREo] A
Ao 7103t Zes HASE

€ Krysgio (200D $&Ha3F F ¢EAE o= 43I pancentromeric
probeE ©] &g FISHZ7IH & W3t BAg Ao 4 Wes 2T H 29
7} 1R A2 centromere signal& X33 4o NIz fiFETol vl ¥ A
o2 yehy signalol EFHA G2 &£ o] WA gk Fd3 BHEEE &
Al F&aty WAHe R AT oo HFPE dEFsted 78 ARR A
£ & gz RIS

¢ CBMN 4 A #35E& bude %79 budding 840l ME BdAHNA FA
HA %7 dE] Aoy A AAE FFLE NFHoAE dHETUE BL
= A eiMaller and Streffer, 1994) Montero5(1997)2 binucleated A3z el A
a¥3 Hledd FE AL JAT FHo ddF] Jv FRE DA o
€ chromatin budgtx W™ A= o] FERE £ Wwrl S8 HHF
02 7MY B

@ Serrano-Garcia®} Montero-Montoya(2001)i= Ab&e] FZFo] A3 {ibste
colcemid ¥ mytomicin CZ in vitro A &3 A3} &3} chromatin bud’l vl &

o2 $uEgE AL BuEAon buds ZEW gened A P WYL B
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3l7] st AETH NEEA L3t AFsitty AAFHIL AP Ho] A
A Aot g BRI Ao KA FFA AR 7IUE F o=
AYH FA AAHAFS Mitchell and Norman,1987, Crott et al, 2001,
Serrano-Garcia and Montero-Montoya, 2001)

T3 Shimizu §(1998, 200002 YAHZE Ao =2 433 interphase FISHE <3
3 A3 bud ¥ 423 ol double minutes(DMs)E &elgto 24 bude} DMse}e]
RS ANSE oY o] 59 F&FH A 7IH tig 7= mET
T = PA AF Y AESH AAARA FISHZ/IH S ol &stde Q7
3] &8O AIRHOE o]Fojxa Jow E3| interphase FISH 71H3 43
A& HPste PESHE AFAEA &&stna st A7 & Q74 ol

t AESA 93 UE

rr

SRR

E% CBMNY 329 gened 34 2 AL BBy A Y2 AE2A
AAE budst oY FAAS FHYHoIAE NPBl th AFE Tl ok
ol A Wske

AA) e FASH Frhe g ABHH YL olgete] T8, AT,
AZe) 78 ¢ A 5990 FFHo A U A% £E9 7154
2 FAste ZojE, AZFATH B4 gdold YZTE F2 ASHE Az

7R ol

2, ¥ud Fygo] 4, FAHAAE EEstA o FE A|FHI &olst
o E3] WAA I Zo) gk WESA A=A w oz o] AMRFET gon,
e AAA BAM) wste MANAAE GAA Fabel B 5VE o)

U 7l glol® EA40] vla3 H-9¢m @r|tel F3E F+ U+

n Ao AgaAd el A a3 == free radicaldl] 21§ Q2 A2] centromere
9] XA (acentric fragment), 7§ ©]’+2] centromere &4, kinetochore®] A& =
= BEAY & T g AxEE A FH(main nucleus)ol]l EFHA x|
FHHE AR d¥HA Y&

TEe TR YA ATy AESH AF 53
& ¥ ecobiodosimetry & Z&3te 37 WAAY FEF FTo #H AEKH

o
do
L
i
2
il
S
QO:{!
_OIL
2
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D77 AEHo o & Ao g AtRE.

& Br1edee oy
> FAA Ao gE ATE FRAE B X 3Ae HES BA
ATY, AU, FYRAY SollA AH] wolo] tet YA Hom A

T3 A AT, B A AR Aot GG AN 2 Z8A
9 FMENFSE AAFCS AF3] AT F U= Yo FYPHo| glonw
multi-casualties AFLE TRIE 5 e A&7} FHo HE 7)Aokt &
NE:L

b Pabdel AESE NFSPEL Sake Babdel o3 wek 2 1y Ao
A& AR AME 27 e PAM PsAe) olg BASt WA T
ZAe AFHAHU NE dHo] LY W N2H AT A8/} vrF A
3

b oSold Bu ® AE3E A=Y parametero] i FAA AT
Hg4e naAe Asist A7 34 & usty PA HZ A
A E Waoh AN A8 FBAY NE B JrE L AN AA B
Frlol T4 & FAA V2 9o 422 o4 M5

P BA A BE EBEol: MY FAAET ofU HYE Ay Fo= w
AHE AF Yo AN HZ Fxe FFsA Y 5 = ARE B
MLSAATE FAC] E B2 AAE B4 F o] sHA 9 factorsE
LY 287} wHg

> ARAe] o DNA 2 AR olge Tae) sbsdAT WA HE AP

of ate ek % et AA A B NEe] I FHF AsE WA gl

2

BnA

o

> FAZA ATE Aol ostd, P HEo] s MEH Rl =W
AAL A BHe TE FARY b7 Fol A HA AW, A

ol 3¢ 5% HEYA JE Ay 24P U PAMNBOE AA WHE 5
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of A 83 biomarkerd] FEE E3ld ZAIA T ofA fRE I A
ZF AFE, A, AFZAD 2 AJF 59 Fol ©E A% HJF
Fag 249 FHEEA HAHAA Fol olE WS ¥ A AdH= F
AEs ¢ gorg Xed #§330 247F 13® parameterS AT HA
dtd AA FFeA o)& Thed WHoeE AFFI 9 BEISHY Iy
Aol Aol e WA BESA AEAF SRS o & I8y
9Z 7hsAdol e AR A 2 G353 TdEd £ 04
o AAHLE mobd o] glo] A FE A diF Is diF
o3& 444
P B9 wAbA o) E = 9ol xHT YE I AHAAM Anel A}
A HAZAF SAY FPol AdPHojof AAHLE WA X #Y E
3w A8 AAE 758 7 UL 3R A7E
o] WA B F o2 A% WA HEZAY UAAHE NESL FH B
T 435S AT FAAHAAY ol A
5l FF FIHE AVIFQ AEAA AAFH AL
A&A 0 3 YT + Y& I7F AR 8d A8 AE e FFAA #
Tk ol ndR s B3 AEA AT B3R AFT AFY. dE€ A
AASI e HHARBRESHAR NRSSY AAZE 2 2do] €
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A2 A AFZAHA7 S - 9 TlsD @A AR S AA

& A Roke] AATE AEATE AAST U FEel PAM HESH MY

7} 71€<l dicentric assay, micronuclei assay, translocation assay, PCC assay &9

& FUANE B ATYWo] AEA 7129 BN ARTH AP e B
33 gle dFolmz B AFHAZ AUs AT BFe) ANE A £
AN Yoty FAHY & dom, ASHoE Ty FY Rorel ATASA
z 71ee A5 AYY

@ PAH Fobe] HAFAME YA Aslo] B EAYEAH ATE 53 de

Jo

k

Bo parameter® WA MESH AFEP] LA B AT} &
P LE QAT £ AR ostdo] st Y= WA AERH HFyrle
MEAA 712 Aolst A9 Qo esly FE 71 BollAE YA Yx

A4

& A AE A ] tiA Yol tisiAe dE NIRSS AR BESHH A#FS
I 2 Afole Tokaimura -2y FEALE HZd &3] AU A
Fol dF T34 22 4A Aol FRIAR FuelME oFF & At
BAZ ko] Atgho] tiuHld A7 AES 58 9 multi-casualties AHLE T
T e AEIT FHo =8E JISAolt & AFgolngE FdAMEs B A7
AE w3, FH H19 7S BRI e 45 WAL FH
TAANAE ALz TY FY £k 7R EE 7les AT
4
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M3 dAfdrd S W

AlA AN FPHE

L Add A 9Z A7 37« 834 ZE & 29 g3

7t EAA o] (DO o3 HARA HZXT d&7E BgA HAE ¢ 29 39
- A 2 YA AR AR 200104 40T A Y] dxEA(G A}
T3 2mDeS AT F, Z+Z} 15ml conical tubed)) 2ml® BF3ch AN =

A= A #F&3.6Gy/ming! Gammacell 3000 Elan (Nordion international INC.) **'Cs
sourcel A MM MEFE 0.11cGy/min®l LDI - KCCH 137914 1, 3, 5, 10
rad, 0.25, 0.5, 0.75, 1, 2, 4, 8 Gy & Z}Zt =A & 37° CEolA 3AIZE wl
(CO, incubaton)gtt} |

- AX wjeF: Z+Z+9] conical tubeoll FCS 20%, kanamycin 60 xg/mlE E33}=
RPMI 1640 ¥jA] 8mls} PHA-m form lml (3xg/mbDE 73+ ¥, 37% incubatorel
A 4647 S wjFRTh Al wlFE AEEEA] 464130 ARG Fo)l colcemid
200 £1 - 500 1 (10 e g/mD)& 713t

- Harvesting: ¥ieFd AEZE 1500 rpmell A 108 < YARHEE 2000 rpmel
A 58 F A de Agel wet Wl Mg 0.075M KCl £9 (HP ¥
4, g 3T FE&GNA HY AE o]4F A) 8mlE /YL FI =43
71 &, AEEH A, ol E £33 EEUY ITE FEA 2087 wEEA
713, 4o 2 AV A4E AN (ZAo] acetic acid : methanol = 1 : 391
|, colddel #§2)S 2ml¥ conical tubeo] HH3 719& ot spsch 24
3 9, oflE AU EE F oA 2z 2083 X 1500 rpmol| A
1085 94 2898 & 459L =418 ot WAk 212 conical tubed]]
IARZAE 10ml 71g &, =43 ¢, oldlE MY &8 181 conical tube
del Mol ARZ WMol FH w7tz IAHAL Wi, A EdE AAE
2-31 o Qe

rok

=

- 17 -



- Spreading: 7} RZe o] Aozl A E AL 1500 rpmol A 1085 ¥4 3
ot RS HHe] o wel -3t conical tubests] B 9, olElZ
pipetting= &t 15 FFAZITh BE 800 ulolA 1000 u1& &

EANZT

- @4 4 % Giemsa 8H(ZF5 48 ml + Giemsa 2 mDo A 10837F A3 & 5

¢ SR #7F washingdtth, dEo) AriA @A B2 2413 By
shol= S EVE AAR F, AdAx ANY. GF BEL Y3l &go)
Eo] canadian balsag& F W€ "oEY I coverslipE etk FolidE
sample SE% ¥ 1A NS Jig ¥, 20C WEael d+ 2#A 7Hs3i

- 24 E AA, 4 BARS F=AEl A 500 -1000782] metaphase’FERS) AL

Ao

& ©]% @d(dicentric, tricentric, ring, fragments, dots)& Roli AE F, o]

€ ‘Q?ﬂ«l T R I FE countdth. A, YA F w2 o)y FMAE

IR e R o)A &, WA Fo] W dicentric chromosome

ring chromosome®] X E Yehfls 2 A3 AA, 0, 0.1, 0.25, 0.5,

0.75, 1, 2 Gyo] A= @& Qdr, Ydrg 73}

Ydr, Qdr& T3t 4L o3 2.

Ydr=dicentric chromosome®] <=+ring chromosome®} </counted metaphase
P F

Qdr=dicentric chromosome®] <=+ring chromosome®} <=/dicentric

chromosome+ring chromosomeg 7} dx7

L}, Micronuclei (MN)oll 2§ WALY S ZM e o27)e g4 4 2 vd 33
- Sampling and irradiation: 3|%& *]&]¥ peripheral blood 10ml(Sodium Heparin
142Units/10ml )& G4 A o ia) FUF MFoz A F 37Co) 3 h F¢
AsFuo] 8 gtel] B3t
- Cell culture: 2ml ¢} ¥l medium 8ml(containing FBS 20%, kanamycin 60pg/ml
in  RPMI 1640) ¢} PHA(p-form) 5pg/ml( mouse: conconavalin A 2.5 ~ 3ug/

_18_



m)E Yol 37C UiFulolElolA 44 h F<F w3 & cytochalasin B(3pg/ml
AVsta vUA A wlFAIZE 68772 h FQF vkt

ass

- Harvesting: 1500 rpmolA 10 min =+ 2000rpme 4] 5 mins <t centrifugedt &
of AZAg Auy] AAs 37CAA mlE] warming-up A1 0.075M KCl
hypotonic solution€ 2ml @i & ALE3|A up&down AT 1 ©5 5Snl
hypotonic solution< FXol wpbd W3 MA 2 & MEES 37C9 water bath

of ¥i 20mingt WA @Th o w AE A ¢ A AES AUA

12 7PEA &EY. Centrifuge©l

o

fixative(Methanol : Acetic acid=3:1) Iml &

I 2000rpmoll A 5Sminzt ST FERS AweEl AASH, fixative 10ml S

i
2

r
o

glok 3}, pelleto] WAL ASole A tubeE EEIA pelleto]
A== 3. ol AFAFE 27 3H WEITH

N
X

Y=t} o] o fixative solutiong HH3] 7] &2 pellete] H71A &

13
<

- Spreading: AEL cetrifuges]A 2000rpm , 5 mindE ET @ fixative
solutiong 1 2mAE A7MAZ He Hsl& AHEs] up&downAlZItk. 65C <
waterbathel] rackg Y3 I 99 slide® &2 humidified condition® THE=T}.

FAgoz 100 150uRF=e MEZL FHa dlideslol A3 TG oF 0% F

o, €Bl=S AYL, Ad A=A,

- Staining: 4% Giemsa’s stain solution °l 8 min¥<¢t G4 £ SlideE 6 minF<t

o %13 YA Slide® AWA kimwipesZ E718 AAT H, A|QA=R AA

Canadian balsam-g ©]&3&| A coverslideE €=t

- 24 9 Micronucleus(e]3l MNolgt R2712 dth)s AE Al 18€ 3719
AAA dR7L HolA HAH et QUi Ao, 7JEHS R binucleate
Ao JE MNTHE countdta, A#Fo] ¥&FE MN9 & F71d4H.

& AA 100070l cell€ A3, I F MNs/cell with MNs3} MNs/total
scoredE AF&3|A e SD9} Meanghs +3Htt.

cell

t}. Okadaic acid-PCC(premature chromosome condensation)& o] &% WA = 43
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Ao}, 15ml conical tubeol] 4ml® ztz BEFFh WAMA zAlgRS GA1R)
oldHI FTYUT WHOoE 1, 2 4, 6, 8 16 GyE =A ¥ 37C CO.
incubatorel A 3413} wjoFgeh.
A i< ZH2+e] conical tubedll FCS 20%, kanamycin 60g/mlE Z3}3t= RPMI
1640 #jA) 8ml¥} PHA-m form 1lml (3g/mDE 7}3F ¥, 37C incubatorol Al 474
T FQF wiFd Fol okadaic acid® 500nMeo] E Al (A#E 25g9) RPMIH|=|
620 ul& 7} ¥, 100 «1& Z+Z+ 743l 500nM) 7}13beh.
Harvesting: w8 AZE 1500 rpmoll A 10E-5<¢F QAR (EE 2000 rpmol] A
D F Aede Ade o #f A4 0.075M KCL £ (9%,
= FE3AA HAR Fg o] 4F ) smE JHS 3 =43 13
T, A" 9, olE £x3 EET 31C FLANA 08T wHSA ),
Feor AW AAF 1AHY (FAo] acetic acid : methanol = 1 : 391 &,
cold’d el FAD)& 2ml¥ conical tubee] HH3J) 79L& wgd 713k =245 9,
olfE MU EE ¥ AF2oA 2 2083 WA 3H1500 rpmol A 10852
Z¥Z}; conical tubeo] TH Y-S

10ml 7hek &, 2413 9, ohel= Ay
@ o) & wrbx mANE Wu, Y Belshs AL 2734 o w2
.

|

Spreading: A RZ o] oA A= RHPL 1500 rpmolA 10854 AA
223t 1Y Y& pellete] ol wEl =As}be], conical tubedte]l ¥ 9, o}
= pipettingS 3] BT AT BE 800 4104 1000 1€ &Tol=
of REAANT FAME 65° C £840 $ sefolso] BEe I, 90z F
of F2dA Ad A=zAUY a8z A4YPL v 80% ethanold] M EL
gtholed E2F ¥ Ad AxAG

HA: 4 % Giemsa €R(FH5 48 ml + Giemsa 2 mDoll A 1087 FA38F 3

o
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BEL FR5 @b washing®th A5l 4714 %A BEE =N B9

o) canadian balsag F W& WO EH I coverslipg BT HoluE
sampleS FE% o AR E 71 F, 20C WFel I+ B bt

-~ B2 W AR, 50070 AlZF PCC cell, PCC ringd] ¢3d&L B3 &
A, Zt FAPA ARl A 5070¢] PCC cell® PCC ring 2 count@oh. A&, 0
- 16 GyollA PCC ring <ol @& &#FWg34e 73

2t v A Y D EZ 8] Ax FH5H Frirle Bed AE 3 2d &Y

(1) Slide M A 2}: Sample slide #2442 DC assay #F 3 5L+, 1 o|F HAH L
o231 2o} WA sample slided 50T dry overn ol A 24175 A XA 7] 2 slide
£ PBSOlA 5%t A A% 3 70%,90%,100% alcohol oA z+zt 583 A& 3kal
alcohole] o go} Z Wi7}lx] zA 74 Z=AZ1t). Rnase A(100pg/ml/2X SSC) 100l &
slideoll % 2]3ked 37C moist chambero] A4 1A]3F ¥F-8- A7l & 2 X SSColl A4 5&3¢
33 Al =53 PBS oAl 553+ A2 &t} pepsin(0.005%/10mM HCDell 4 37C ol
A 1083 ¥E-3-A1Z1 & PBSo A 587t 23] A& Sl 50mM MgCly/PBSel| 4] 5&-2t
A A% ok 11. 1% formaldehyde/PBS/MgClLoll 1083t A& st & PBSof| A} 533t
23] M &3t 70%,90%,100% alcohol oA 5%+ HlA & % alcoholo] TF &o} Z&
W7tA A Azxgo

(2) Probe denaturation and competition

- paint for specific chromosomes: -20C ol A A=o] & probeet HBE 7o

T AedA 5B WAT ¥ 42C water bathollA 12837F whEAZITH

sample mixtureE vortexstx spin down A]Zl ¥ 17) slide @ chromosome
paints 3pl ¢} HB 12ul & 419 65C oA 108, 37C oA 1AIRE ¥h-gAI T,

- Pan-centromeric probe(CP): CP9} HBE Aulo] o5& AF2olA 583 WA
% 37C oA 78 wkgAZItH 17 slided CP3ul ¢ HB 17u1& 4o 85T ol

A 10837t ¥hg A7
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- Prehybridization of slides: slideo} 100ul 70% formamide/2X SSC/50mM PBE 7}t
33 80C Hot plate oA 587 WkgAzith wgo] B¢ F Ay Arhe
70%,90%, 100% alcoholel & 5337+ A23F % alcoholo] dol Z& wW74A &2
AN A AAAXAIZIT

- Hybridization: ¥+-$o] 4 paintse} CPE % 410 spin down 34 25u 4
slideo) Bo)E&TE Cow Gumo 2 sealingdte] 37°C moist chamberoll Al 2443t
W3- Al Th

(3) Amplification step: ZA2HA Cow Gumg A A dFa 2X SSCo A 5&-3t A A &}
I 50% formamide/2X SSColl Al 58-3F 33] A& gt} 0.1X SSCell A 583t 33] A%

3 0.05% Tween/4X SSColl A 5837+ A& gt} Solution A 100u & &3t 37C
moist chamberell 4] 30%3} ¥H-$-A) 71t} 0.05% Tween/dX SSColl A} 5837t 23] A
3 ¥ 1st layer 100pE A3l 37C moist chamberel A 3083t ¥H&-Al7]aL
0.05% Tween/4X SSColl A 583t 23] A& %tt}. 2nd layer 100 & A &3t 37C
moist chamberoll A 3083t ¥H-&-A12] 3 0.05% Tween/4X SSColl A 5&7t 23] A3
gt} 3rd layer 100 2 A @lsled 37C moist chamberoll A 3083t ¥gAIZ F
0.05% Tween/4X SSCellA 583t 23] A2 gt} Ist layer 100u & A gste] 37C
moist chamberol] 4] 30%27F ¥H8-A17) 2 2nd layere} 3rd layer 33 -& k¥ o] Hb&

3 % 70%,90%,100% alcohol ol A 583+ A& &t alcohole] o dof 2 w7bA] =t

d A=Ak DAPI 254 & A3ty 1 wWUFo =R sealingste] B2 7HA] B

g, |

@ ## 2 A 29

% dwn7 (NKON, Biophot)& ©]&3}e triple band filtere! D/F/TXRD

(DAPI/FICT/Texase Red, Chroma Technology Corp. 61002)& A+83t FITC,

biotin, DAPIE FAlol #&3IAT

i

ot

uf, AN Z o AESH HFAZA FISH 719E& &837] A% 854 47
(D) &9 sgiols BEAA
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N
=
o
<
r>~
N
>
N,
b

Of¢

A &gkl
A73E Age dxdAS A8 HAx} 7F4E7)(LINAC, Vnrian 6/10002 <= 6MV
xA1-2 1Gy, 2Gy 2 3Gy ZAHdose rate: 2.00Gy/min)3} . WA o] FAME &
¥ Imol G171 DNA £438 A4AA 3-AB € Ara CE 27 2 x 10°M
2 5 x 10°M9] 52 3/ Hsn JagFERo 2N AASHT o F
Phytohemagglutinin(PHA) % 10% $-ejo} o] =g RPMIs|A] 9ml 3 5% CO2
7V FREHE 31C F27]odA 44417 w3 & cytochalasin BE A3 th3 28
AZE F7F g 3 4" BAY sefol=E AAdT. =3 G271 DNA &43 %
AAAQ HUE #j% 4143 Fo) 5 x 1079 =2 34T YT § das3¢
dog A W AAH3}IL cytochalasin B PHAS AH#lg 5 37C &-&7]0lA 244
b F7 iR te 48 B4 sHol=E AR

) vlg 2] FAAS] &8 gtolz A4
© 47 WA 2000858 20019 74A] Ao FARFHeR 2o HE A

SE2ToE AARIYT AMFE ZEAE HERT LA

AR =eo] HA ¢ ZEAE UH S 2T ARsAT. 4%, =F
A, F9, &5, 1Y, F 587 T2 FRe AE A A #3 H0eH
T FE AT Y 93 A AJAY AF 7158 T AT

Q@ Mz WY 2 28N ggtols A 4 AFNEARZREH 22 €9 ImlE
MHste] 10% SElo} AT phytohemagglutinin  (PHA-M), BrdU zglxm
penicillin 2 steptomycine] A7} RPMI # %] 9mlol] ¥ 15% CO2 7} &7
37°C viF71oNA 48AIZE v & F ENA STol=g AT 23 €
gol=9] g HiFriolA 44X wjFg F cytochalasin BE A #star 37C
G271 A 28X 71 W gRE Fol e8tol=E AT

(2) FISH (fluorescence in situ hybridization)

B Ao Spectrum Orange’}t EXE c-myc AR LSI probe(Vysis)<}t

I
Iy

3

Spectrum Green¢] X ¥ pancentromeric probe (Cambio)E ©]-83}o] interphase
FISHE <333t}
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@ 48 Slide #4): &#8)" £glo]=E 2 x SSC(Sodium chloride, Sodium
citrate)&H o} 37ColA 1584 28 X3 F 29 70%, 85%, 100%
Ethanol seriesell Al Ztzt 284 2434 & AXNESE vt @8 s2ol=c
73+1Co) A 583t 70% formamide / 2 X SSC & <folA A (Denaturation)
2l 3 -20C 9 70%, 85%, 100% ethanolol A Z+ 284 AX F AF2odA A=
St
@ DNA probe #4Hl]: Spectrum OrangeZ ¥ A|® c-myc %A DNA probe
(Vysis) 1plo] CEP hybridization buffer 7ul € 2y FF/F5o 4o ¥&
hybridization mix& T A"HAA 73£1CAA 5B WHAAD &,
hybridizationA]717]  A7bA  45-50C <] slide warmerol] ®jxjstdch =3
Pan-centromeric probe 1ul ¢} buffer 11.5uE 85ul oA 1083 H|AAZ F,
WA A)Z] probeE 43 &elo]l=o) hybridizationA] Z .
€) Hybridization: |8 &gtol=o probeE 10w E H3AS X
50mm cover glass®] 7Fa4A}g]el rubber cement(BORDEN)E A &3l TEF
e geE 3 8 $Ho] $AHE AAHumidity box)el ol FE3]
hybridization® =2 42C 9] wj9F7]ol A 16A1ZH5<F X5t F T
@ AH: &8to]=E 7u] Rubber cement® ZA~UA AAsT Selol=g
72C9 04 x SSC(AMRESCO)e| 5% HHAE ¥ Auo, 2 X
SSC(AMRESCO)el 50ul 0.5% NP-408 ¥ £ g7} 287 AFsido
1 ©g, slide® 22l DAPI 1(4,6-diamidino-2-phenylindole, Vysis)= thz
o A (counterstain) 3+ &, -20C oA B33}t £ Pancentromeric probes
o] &8 FISHS] 7A$, &eto]=% 7] Rubber cement® ZA~HA A5z
E8ol=F 37CY 2XSSC(AMRESCO)oA 583t g o 50%
fomarmide/2xsscoll 37C Smin 7+ @20 37C <9 2XSSC(AMRESCO)A 5&
2 A% BPe AT olF eelss AZAAL amplfication kit
(Cambio)& AH&-3td FZAIZ th3 DAPI 1 2 tix G0

Q) #&F ¢ A #9

o
:

P

ok
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4)

¥4 FnZANIKON, Biophot)® ©]83a] triple band filterd] D/F/TXRD
(DAPI/FICT/Texase Red, Chroma Technology Corp. 61002)Z+ Spectrum Orage,
Green ¥ DAPIE &Alol &3t ew, UV-2A filter(NIKON, DM400)2 = DAPIZ
e A=

43 bud @ NPB =A4hy

£ AFdA &= Fenech (2000) 93 A¢td ER/7VIE Wt £3& £43%7A0
& F Mo ;AL AJd A EBinucleated cells)e] A& F

ANHog e Avjoln & o FAE MG FEHAA Ok =t @A
s B o] AddFH N AwhE EAUYG LR st £He & 9| 1/30]59
712 B g3 FRE= A Btz g ¥d dAH L3A
Y HolAW 43 EF Al AHUW bude Fenech (2000)0 <3 AA| 7€
of At A3ttt Bude] 2T A& MNF HS8HA R o] 33 2
Aoz AZAHY YAY bude AFET ¢ 7k Hog2 dFHANE AL &
Moz Atk =3 F /e o] dZAFH A olFd AT FAH
A& NPBE Fenech(2000) o] #f/7]&o] wat F74¢] & o] & 3 X729 1/4
olsle] Aoz AZAHY Qe ASLUE EAYLez Ik c-myc FAATE
EAstE 8 A Ao 3k oAl o7k HIbe] 7|E2 Sgura et

@ BAAEES] A t' 7<)
T 3o gAE Qo) 2719 signald = ThE DAHX Q] 2719 signal : 2+2
Q@ olF4 M=
T sl WA E Qo 3709 signald? E ThE DA E Qto] 1709 signal : 3+1
- Bhbe] A E Qo 4709 signaldt = ThE FAE Qo] 0719 signal : 4+0
- 3] A E Qe 2709 signald = T2 TA|E Qrol] 1719 signald 43
W 1709) signal : (2+D)+1
T 3] TAE Qb 3709} signalzt = OhE BAEZ kel 0709 signald 43
W 1709 signal @ (3+0)+1

_25_



- e GAE kel 1719 signal#t = THE GAE kel 1709 signald} A
Wl 2709 signal : (1+1)+2
- 3he] DAE gholl 2709 signal# = OE A E kel 0719 signald A3
W 270 9] signal : (2+0)+2
6 TAEH

SPSS 10.0 E4)3} 7<)} SAS & o] &5le] A8, o]4A, bud I NPB W=} A8l
) signal W15 %k-dk-g BAL AG e /PR EAF o AT A

d A9 &4 38 AYAE Agste vebd 439 vlals Mann-Whitneys
o] &3t BAEATE EF signald X FEE AHMNCHF signalE EFH3HA]
t= 43 (MNC-) ¥1%9] Ast= Mann-Whitney S ©o]-£3le BE43l9oy =&
F, 2RAF e Ao NnEs A9 ¢ FE /AL B4R

A

2. 2L AZ AF 45 7|e ML
7t sty 9 E qF A+ Jle AL
(D A7 (B3 9%F) biosensor § Y

raft culturedt Abgte] {3 A A WAL Meko] wlE biosensor ¢ P53%
A zA5F 07 @3t WA =&E IR FAZHFE SAY 5 3
= AN QESA HENGE 2We et A 3B keratinocyted]
raft culture= $4A3) AZ3E R 2o wmeglon], AZsE i
BiCs y-raysE Z=AMG 3 bz 4 A3 24 A Fo) 2E ARG Hdlo 3
Z Hd#o] o biosensor ¢! P53¢] &3 WIEE JEHv|AHFHoE #FIA

i‘_\f_‘,

o). biosensorq) P53¢] @2 Az or dAE AP, HEE
(hematoxylin/eosin) Y& WzFo2 YT

(2) P21 biosensor ¥
b WA ZAE AR ZANE Human blood lymphocyte® ez AF&
3.6Gy/min¢] Gammacell 3000 Elan (Nordion international INC) ™Cs
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sourceo| Al A e MzFE 0.11cGy/min®l LDI - KCCH 137914 0.01,
0.03, 0.1, 0.3, 1, 2, 4 Gy & Z+7 AT

(b ©d 32 lymphocyteE PBSE washingslirl cell lysis buffer(1% NP 40,
10mM tris-Cl pH 7.4, 150 mM NaCl, ImM EDTA)E ImlH7}st &, o4
B3l EAch @143t 549 ALE Ay A&l 2mM phenylmethyl-
sulfonylfluoride (PMSF)¢} 1mM Sodium orthovanadateE ¥4 F7Vshal,
4CoN A 2087 Astd MEE §3AZ F 12,000rpm, 4CoA 2083
dH3 & F5dEe Ao

(th @984 %9 =A: BCAMHE ol&3ly o5 Zo] #5& FH8IA
o} Zhzhe] izl 298 10ul & BCA(bicinchoninic acid) : 4% CuSOy4 = 49 :

2 Z33 solution 2mle] H7}sted 37ColA 30E3E ¥Eg-AIZ)

{

—

% 562nm

NN FFEE ZAHFAY. FEE bovine serum albumne 2 wjg] &H
standard curve$} Blw et F4bsl .

(th) Western Blot Analysis: SDS-PAGEE 33 F gelide wHzas
nitrocellulose membraneo] 100mVE overnight transfers}th. Transferz}
Ey¢ membraneE 3% ponceaudl] 1083 AL, FHFE 3W A HZ
% blocking buffer(5% FBS, 0.2% Triton X-100, in PBS)E 1A|ZF 72l A
EE9F urSA AT Primary antibody solutioneZ 1AIZF  F<t
incubationdt ¥, o]Z blocking buffer2 33 A& ¥ horse radish
conjugate(HRP) secondary antibody solutiqngi 1217t &<t incubationd} 3
t}. oA blocking buffer2 3¥ A2 % membranee] ECL solutiong 37}
o] wgAzl F X-ray 8o =F AA @A TP BFE FASI

E3A ¥E o4 Al3F 71/ - Ecobiodosimetry (37 WA A ESHFH)
AF A B AdFAE &, 44 2 HA FHe FZFA CBAESY F4
Al

& BASL 2, ALY R



AAE WFoE FA5H L AZD FAANG YZTFoNA A 129 S
gotel €7, 94 2 IFAAL DAL U2AG xolg DI} ¥

48 W4 JEE AYAOR 22D PAM NE dg-urg FHd Hgs

=
=

4

A B3 7 AE e E gttt

D a4
AAHAL (SR, 494 2 d3 43598 AY e EL, AHSE 2
AR dAstd A8E AAS L, 74 FE TS YeE g
A HEZF nLad SHPE A 89t HH AF-9A S 22, Y §
9 HEZFH VLS st WA 3 9 F F=E Hrisiy A
21 B R R L A 5 =

(2 7N &

b 89 4 #F
AU FEY xS dn o] HrbE vacutainero] HHIH FEDE
754 7](Hemavet 850+, CDC Technologies Inc., USA)E A&, #d+, I

! dago JHE AAEE dE2 BAM3Gn. #¥Fs FUYEF, 55T, &

T, TR, ST, HEFE A SHE 7 2 NESS JEIoH,
Y= FAYT, hemoglobin, hematocrit 58 4+&3st4 ).

(W) AddAx g v
NEH A A & -T2 22317 Y5ty FFAE Y A4
379 &, AL 2 A TIPS AR, €4, 21 2 9
WA QAT 2 km oW AFS FUHe) A& oA
o] dde AFHs A AY A% FE AYL
o2 FHEIAH ALAAELAAG F) 2 SAAAHRAR6F) WY ASF
AN AHEFA AALE A - 24) 2 A F& (YGBF) A A 1-2
Aol Ehe At LA AL AL AFTEH dE2AY AS AYLSF
AIToE AU IFLAYE AL FH A HAQF 2 A e

(R 2}
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A AR A 10F)A-24DY BAE AFs Y 4d AF A AT dix
Y A% HA AIAFoz AL3AUTH Histopaque-1077 kit (Sigma Chemical
Co)E |83ty FZTFE B3] HBSS (Sigma Chemical Co)ell FAIgE F
15% heat inactivated fetal bovine serum (Hyclone Co.), L-glutamine (Sigma
Chemical Co.), 2-mercaptoethanol (Sigma Chemical Co.)¥ &AAZF H7tH=
RPMI1640 (Gibco BRL) wWjA|o| FHFAHT. HEZF+= multi-well tissue culture
plate (Falcon, Becton Dickinson)& At&3te A mid 5 X 10°49 w2
37°C, 5% COp wiFrlelAd  wjekstdch wiA mig 1% R 2%9
phytohaemagglutinin (PHA, Sigma Chemical Co.)< H7}shal 2, 4, 6 T+ 12 g
9] cytochalasin B (Cyt-B, Aldrich Chemical Co)E 713t & o|HAEE 47|
A% AAFEE Foeth

(oh) A A
AN A 24 3 AF-EESA S £E37] Y3k, £EE dE4E B
¥ polystylene tube(Falcon, Becton Dickinson)oll #F3te] PHARZE A 1, 2,
4 Gy9] ®Co ZmAHL 1,000 cGy/min® AM#HEL&=E 13] A} (Gammacell 3000
Elan, Nordion International Co., Canada)3}$th.

(8}) Cytokinesis-blocked method
Cyt-B¥ dimethylsulphoxide(Sigma Chemical Co.)ol mlg 2mge] Yo= dAS
ko] -70 °Coll AP o APL 5o dojz HALHFE HEsto] MY
44N 3T H7bekR T AN F T2AZ AEE FEIRLH
cytocentrifuge® o]&3td AL IFESE TEI HUx F Diff Quk
kit(International Reagents Corp.)& ©]-&3} %4‘%}9&5}.

(mh) " FA

nlzse S 1000w wge) @nAoz BAstgon FdoA Bl
|

Weol whksh Lo ol LI FAgol Fao uiste] WahA %L AL M

A5t th data®4S Graph PAD In Plot programg AH8-3H4T.

&
lo
fu
B
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A2d A7 A3

B A7gAe e S SZ2820 AU FFAFE S JFE 45T
F dE OFP BAA BESE AT SARS s s, A
Pl e FAAAA A dF vy 15 AA FHE AT WYL AR
T FEH glow, AAGF g A YL 2RAHQ] FEoIH YRR 2
AFFAE F09 HFAHA AEA AR ouA ] i EGZ it 9 AR
g 771 Byo] AdY 4TS 712 § A& A= AgHo Boe WA
Atael] the BA iAo dBo 2 y)Ee FE AL AETH AFSHUA A
2L AN QESH JF AF SHS AT AZNEE Tt A AFAHF
d&a AA Al F=E B Qe e AT 2 P4 9 g4 o
AL FHFo2A FF WA JPeAol A JFEAY WG JABAA FH0) L

° £

g Aow Bege B ATE FASAT

|

L 7P $AM NE A% 4274 8594 AE 2 2d 39

7}, @A) ol A (conventional chromosome dicentric assay)ell &8 =AY 324
F &r& e84 AE 2 24 3§ 7|29 g9E A A3A4F S
Fol X IAEAC A Ba3ta Qe TAMY A Z 82 A FrAFe 7H8 Z &5
A &8 5 A= WA-E conventional chromosome dicentric assay
A dFAe] rEA O 2 A data® FE F A+ ALEY e
22 3te ddeln AZFsle] s dalM BdAde FET 2
< FHE AEIAT
Average: Y = 0.0023 + 0.0169D + 0.0672D% R* = 0.9997
Low: Y = 0.0055 + 0.0189D + 0.0757D% R* = 0.9987
High: Y = -0.0009 + 0.0148D + 0.0586D% R* = 0.9984

(&, Y= 93+ 1l 4 DC o]az, De I EZAZFHGy)olHh
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U, w43 BAW (micronuclei assay)oll &§ wrAMA 1 E

DC assay Standard y = 0.0672x2 + 0.0169x + 0.0023
R? = 0.9997
0.40
0.30 - SOOI
jow: y = 0.0757x2 + 0.0189x + 0.0055
R2 = 0.9987

>
[6]
§ 0.20 -
3
o2
o
w

0.10 e

high: y = 0.0586x? + 0.0148x — 0.0009
R2 = 0.9984
000 E L I ¢ ! |
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2
Dose (Gy)

||

2

F 37l 858 HE
2 2d S5 71E9] 968 WA AF4%F S S A IF 8 @
o] AW FeAEFE MR BAESA 438 5 e YA conventional
chromosome dicentric assay 3} 37 283t W& A7t Yol datag 4&

A= Hoz SHE A RAvle] vtEH o2 HEA3) datas 9L 5 YE 159

2

JN

i
rir
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713 NS o s Aoy, AR 2o FFE wiAsHy] HlM =
dicentric assay ¢} 37 283 zio] WA Woly A Fste] 7&d ths)
A B3-S HES A5 e 22 FA & st

Average: Y = 0.0343 + 0.1120D + 0.0504D% R? = 0.9976

Low: Y = 0.0493 + 0.1166D + 0.0612D% R® = 0.9923

High: Y = 0.0192 + 0.1092D + 0.0395D% R? = 0.9954

(&, Y= da7 /] 2 MN o)1, DE JEZXFHGy)elth)

B
MN assay Standard
0.600 y = 0.0504x2 + 0.1129x + 0.0343
R? = 0.9976
0.500 B ;
0.400 | o o g
. low: y = 0.0612x" + 0.1166x + 0.0493
> R? = 0.9923
(6]
B 0.300 [ e e
o
9 high: y = 0.0395x% + 0.1092x + 0.0192
(I 0.200 2-0.9954 ..
0.100 b oot e
0.000 ‘ '
0 0.5 1 15 2 2.5
Dose (Gy)
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o}. Okadaic acid PCC Wl 93 HAM] A Z 1% d&7l< 84 JAE 9 24 &4

AZEEE ol &3k WA IZAG dZ7) el doldE PAM 2o T

ZHcell fusion)&o] wi-$- 7] wiEe] A 2F 2] FF3 AT AFS A=
sted tgae EAFe] e Aoz vebygtth I8y Okadaic acid PCC W&
o] &3 HENTF AZFr|ed WA FAFHF mE ABHSEATE Al
o]Edte] FrlsteE AFoE AFEFHOH, AF-wE A AN y = 46 +
(1.113+0.5100D + (0.372+0.07DD* , R*=0.987 2 vielyich. mebrd 71EAE &

At MTF=AWI vlw Jrhste] B A} okadaic acid PCCHE 71&29 AX
FAstE A AESE AZ2AF SAUS FA AEE A 9 Z A
AW AE FLAFE AR £ AREZE o8 7 ALE AFHUG

i
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Frequencies of PCC rings/cell

I !

)
0 : 5 10 15 20

Dose(Gy)

L mhy A A HZFAe AT FHeH Yrivie 88 A8 82 24 &Y

7129 32 YA AFAF SN SolA @Al AZg &3¢ A T
AFE 718 AE3A 428 4 = W< conventional chromosome dicentric
assay= WA AAF AZ@AAAE AHEE F s AE FATH FrlEcln
2 JAEAVY ARE 3 e HAE §43H4 H7171€< translocation (FISH) #4-&
AHE3ofgt itk EF o] el T AXF AF AL 4 AZAAE FA

o BAG F YE TlEoln, YA BAY AZFS 2] ANAE ol

O

a9 Vel data & stable translocationg &AFSHE Ho) kx| B U &
9 7l&

+ S8E @7AT] MEHoR P dataF EE T U= A=
z 2 3 7o s AP J&d dA B§BEE HER 2

A7)
>
)
o
e
fo
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Average: Y = - 0.001 + 0.1099D + 0.0501D% R® = 0.9952

Low: Y = 0.0017 + 0.1335D + 0.0674D°, R* = 0.9961

High: Y = - 0.0019 + 0.0864D + 0.0328D7% RZ%2 = 0.9916

(&, Y= ¢33 17) & stable translocation Fo]i, D & FHGy)elth

y = 0.0501x% + 0.1099x — 0.001
FISH stable standard curve R? = 0.9952
060 r
Low: y = 0.0674x> + 0.1335x + 0.0017
0.50 R? =0.9961
0.40
oy
S 0.30 r High: y = 0.0328x2 + 0.0864x — 0.0019
o R? = 0.9916
o
w 020 r
0.10
Om : i L i
0 05 1 1.5 2 25
Dose (Gy)
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of BAN S Z o) YETH AFAZA FISH 78S 28317 93 A I+
AR 22 93] f-E5+= genomic instabilitys o] MEA 2 Fo) o) AF
HoyAx 9o HZ AMEH L 93 Cytokinesis Block Micronucleus (CBMN) £
Aol &84do] F7HE 3 Jled CBMNS AEF E49 AAAEZ Agste Azd ¢
of FHe dAe 7HY AEsHE AEFE £ glo] A WA Bl AToMY AEE
A3 ZAHY & e A-o] AkSgura et al,, 1997). E3 CBMN 242 43

l

)

1o

oo g8 AAHA LHHY Bo|A T &3 7 A ALHYA bud € o)FY ¢
A2t 4504+ Nucleoplasmic Bridge (NPB)E 34 B4 & & #AHL A

dr}.

it o2 LMY L WA 9@ ANA Aoy FAA BRG] 7
ATtz ded gt a3y FZ Add d4x49¢ homologous regiono) Al
recombination #3o] APl wep EF FAz} FEHY o] FEFH fAA
(acentric and atelomeric DNA)7} &) ¥to 2 w9 A WA buds FAsIH A
ol Addl wek bude 28 FHIUE 2urt A mEAM buds FEH
genee] P4 P AP L #As}y] A AEHH AR2A L3170 Ao
B O Yoprt &g g0l dMA ddoly g BRI Yol fAA FE 9
AME 7198 # dde A& gnished old did A¥H FA7 AAFH T
Mitchell 3} Norman(1987)= #AtAel 93] =9 FZT o)A 4o A7hd wa}
S7Htime dependent increase)dld &< RP L 48412 WiYHL wrRTE 7247
HgPe o A3 Wiert 2oy bude) F$E 484 MFHS | 7243 WS
e G2 A4 BEHAS. F budst AEF7)) whgt B P oA yeh &
doz FAHHLZ RIHHT. =3I buds AY PZFE HIRE  chicken
fibroblast, Chinese hamster cells 3 Z& o8 ANEZFAA FZHYoH
Serrano-Garcia®t Montero-Montoya(2001)= Abgre] gxfo) A3E 3=

AR

colcemid ¥ mytomicin CE in vitro X&)% A% 4233} chromatin buds} vl &3

o2 fitdgE AL Rustgon E3 FUA9 ulE9A 18] Taenia soline
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cysticerci o] ZH4d HAY AN E £A7 budst vHFLE FLEEE Bt
Aot Crott $(2001)+= bud®t NPBE 433 tjEo] AZ "dZ 7 A folic acid
deficiency® A& ARX2A Y HEFAEE AFHT £ IF Aoz FAA
Fol mel bud 5 NPBY HI=rp ¥-whgH 02 Friste] whe} A =& A2
+ AESH AEE ANT F g3 A

£ @A HZ 79 in vitro AEjellA 1, 2 € 3Gy WA A & 4F
DNA &43EA4E4, 3-Aminobenzamide(3-AB)9} Cytosine Arabinoside(Ara C)
123 G27]¢] DNA B4 9 38 5149 A robonucleotide reductase} 2H4-& <
A3t HydroxyureaHU)E EA MEF7]o] Mg oh-& 43, bud € NPBE &4
3 A3}, PAd el w289 WEst fo3tAl $718HA 3 DNA £33 5 A&
Ao oM E 43| Ara ¢, 3-AB, HUE L8 &34 713kt =3 budy A
< Ara C¥t HEFPE A budd ¥IEr} S84 275908 HUS 23 A
T AL SR Y frostA ¥%kerw 3-ABA A A4 WHIUF |
NPBe] 7ol Ara C¢ 3-ABE AL 7ot NPBY W=7}t f-oJ3A 371
HAerw HUA gsiAe ot F7hstdl oy f93tA gttt

PALAG Ze AEsAHE dodle EFd 93 f = double strand
break(DSB)= 3714 71A9) 28 3Edhy 4#A J+d R HAE homologous
recombination(HRR)ZA dg3olx o] Aeho] AE= of¢ HustA 3 EA 79, F
WA = single strand annealing(SSA)ZA o]+ FZ interstitial deletion& & A 3}A|
55, Al WA= nonhomologous DNA end joiningNHEDS.2 /18] &4g 2ud
(break end)& 2 QAN BE AD H9Y o) base pair substitution 4Y EE
deletion & 2 FE9 W3 E doJ|A drt UNtH R NHEZ} AFFEAA
7% DSB 3 EAEE ¢¥A oy A2 dFdA HRRE 3 E7]H FL31A
#Agh &8A thObe et al, 2002). Takata 5(1998)2 chicken B cell line
DT 402 o] &34 DSBel & 38344 & 4% E A3, NHEI= AMEF7] G17] 9
2833 HRRE =& S71uv G27]o] #o@tta Bustgoh. whabA Ao od
294 L F2 GYA Ao 7]Asy] W&ol NHEJZF G17]o Iy 44
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Ao %o BB A DY W NHEJ: £39) WEd 98¢ 203
4 Ut =3 HRRS F2 7|9} G27lol &A&3t7] wjEo] F4A loss

my o Nd

non-disjunction® #x% 4 = W3A == kinetochore Tl A Fo &S

% glol ol54el Wz YFe A + 9

Bu)
kd
i
o
ok
4
A
2
4N
=z
T
52
rir
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o
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ok
rie
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=3
flo
a2
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B
e
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g Allio 5(2000)> p53 wild type
cell lineg! TK6%}F p53 mutant cell line?! WTK1e] bleomycin®} Ara CE A3tz

chromatid ©]4& R3t< o p53 mutant cellsell A9 Ara C7F SR EAE ol &

Z7HNZA o2 p53-dependent & A3} Ara Cobo dA#PE RAFUT F
p533 HRR 3E71d& zes] & o Ara C7} NHE] 387113 tj&o] HRR 3 &

7170 #oygg HojFn ol Chung 5(2002)¢] Ara Ci= HRR #%F ofuz}
NHE] 3| BT 43S F7] g TAXd o) e Jaaze olsd 94
Ao =g F/MIGE A42 iy dg. wetA Ara Ce NHE] 27 ofyzg
HRR 3 &7 4&F2 Fo0] 238, bud 183 NPBe WIEE 7H4 Bol F7HA7)
T ¥, 3AB& NHEJ 387146 4&& mX 22 budd RlEdE F3¢9 oy
483 NPBY HIEE Z7IA7]2 =& HUE HRR 3E/H dqFozr 47
2 bud®] Wz Fo] Ity FAHY 4 glovt AFE J1AE FAde] HsjA =
o B2 477 et 23y £ dydage oF, bud7t HRR 4 Foll A4
Hol= B33 HUO 9siMe bude] HE7 3A F718kA gt ol oig 4
HogE gy g AEI1F0] cell cyced) g8 ZA FIAFLE YHed B
AFoA HUE seeding ¥ 4143 Hol A2dAt}. o]+ cell cycleo] Azt A
WA AE 150 4TE o 2 Aoz ARsT B4 B2EAE binucleated
celld bude F WA MEIFA &3te AololA olHT AojH S Ad «+ itz
o 28y £ dFNA FAAF g2 Bud 2 NPBY 9IE IA #-93HA $7F
9o Ara CE A3 2% budet NPBY ¥l=7} Z713 vt 3ABE Aze 7
$ NPB9] HITE Zrlslg oy budy WizE F718tA &ttt & budrt Ara Coll

¢
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giHE F7HEU 3ABA YiMe FUHHA E4the AL budy FHHA
homologous rogion recombination(HRR)#A o] #AH & SIokeE A& AARBIL Q)

o

%3 Chung 5(2002)2 Ara Cs} 3AB7} AR el 23]
BIEE /MM S Bt o) NPBY} o) 59 |42 4380 fvie
T oy shte AN EAT 5 gle ted olFddaAE FUT 5 e
Aol A7) el ol THE F A+ A7t APHojof F Aoz AL
FAZE S22 FeA o T TF A APY D T4 APFHJHE E3
Uette d402 #HEAn gt FTYAM A EF @A=EE  double
minutes(DMs)Y} homogeneouly staining region(HSRs) =%+ abnormal banded
regions(ABRs)> FZd ¢AdAd o3 A4=2 ¢HA JtHCollins et al., 1982,
Dalla-Favera et al., 1982). C-myc 3= A7 AHge) 89 FA4 Lot (8q24)9)
EAstel AEY FA3} E3ho 23 TS e AR AT =3} FEA
EAAE o AT HAFHAAY FFEHo HSR Ev ABRE ##Ho] E1 H1
Aot
¥ 979M<E interphase FISHZIH 3 2884 $y-& W g g o] &3t

¢

c-myc #AAe FF& FISH 71¢ §8 §UF =4 bud7t c-myc F34A4 FZ
o A= NELEAY 87eAH e AFetn = budrt £88 FAse = o

€ 71AAA AR5 75 HEE AEEH MAFARA bude E44E AE3A
AT Aol o3t A gl wet bud € 4 Qb c-myc FAAY REE
FAsHA 7 AT HA G 93 =9 bud 2 &9 WEE uyE ¥ 9
bude} &3¢te] c-myc FAAY signald] WEE 13% WHe 2 A FEHAC
ek AR e fEE AFE FZ T budd AL c-myc HAAY FEH
Aol AL AoE Asd

3 & AFEAANNE AASA Fkot F of 374 o]} FaAE £33}
=A% A3 shte oA 3 Ex 449 FHA

signal& Role A7t 2, 48T 2594 B2 ol c-myc gened F

o

U

P

o

+ 2} (hyperdiploidy)



Fo2 d4qHod 4 oy APAY 2 F F, spotolyt EAA probes] B 5ol
AgolAY 944 Ade 7HsA = AthEastmond et al,,1995). WA A4 o
A &322 A7t A gar] Qi GAH dF, & 44 FHY b
AE oy B A7 A8 GAA probers Adg 1T F flokes ATHA o
AT & A7E Foto YA A3 Hdd fFAEEE Wriet] st A
budsh NPB 42 WA HEA] JES AFAZA AT Add 88 + A&

< AT dEtA FANY FF L HA, M gt FAEHY ARt 2t
ABZ 714899 FISH 713 48 $4& 1 #4840 FUT AR 7|diHH,
bud ¥ nucleoplasmic bridge (NPB) GA] WAMA ZALe] A2g AESH AFAZ
Aol Z87tsAol T & AR /Y 4 Uk

AL 2 AR A2 DNAS AgHog dusly] fEe] FAA 9
g dde F4A dHbreakage)o]l EAA I, AAAAME, ALY o
&% 53 22 AE F4 SAE dste ALE F dgx ok HA ) o3
BAE &L TAAZFIY AL gt 1 Ay} FElo] FREHY] gEd &
AEHo] YA ZAE AT AESH AFAZAN G488 F Lo B3 Ha Qo

32

A
I FEY AATHHY 299 7L AAF e BRE g o) FHHE A
o2 dHA glon Vral 5(1997)& HZ T4 0.1 - 2Gy 7HA ¢ A F WA S =
A F 48 BA3 FISH 718+ B8t #33 243 centromeric signalg %
SHA @ & WsE FA F/I3F ¥, signald T} 482 gizFo v
A9 Fol7t AAUSL B A At o8] fEEE AL gRRo] HA
A Ao 7108 Aeg2 Budgth =8 Krysgio $(2001) $3wFE & ¢
#2-E o2 4383 pancentromeric probeE ©]43 FISH7| & W aste] &4

l

& A3 A8 NsE g2 207t YA centromere signal& X33 48
G HlEE iz vig) ¥ Aoz ek signalo] T3 A @& Ado] WAN
of g fFAF B S sl F435h0 LA A3 ] AEAES 9
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Z3e 788 AXE AT § o3 BRIdgT ol &FEAF FISH/HE
A ol gat] WA o3 HAA FejE AT W signalo] e &S
SAY 497 A8 EAPECE 289 £ ioe AL YrEn

uetd B AFdMe Hgd Ay FAAR 2883 dzT 249E dide=
Cytokinesis block micronucleus(CBMN) # ¢l pan-centromeric probeE AH&3h
FISH 71 & Z¥steo] whole chromosomesl o3 FAH Az FAA dHe o
ol FAE AMS FEToEA A s FAHE 239 /LS FAFH FA
of AALEA AHS AT AHARJ HA A o FEFTE HIIE YL
A EHBAE AFHAeH ol& A M YA x2d WA &Y FAAE
o] AETH RUEHPLZAM F8A4S FUsta

£ AT A g3t ol WA =E8 uigd #d8 FAdAEA
centromere signalg Egdt= AFMNCHRIEY Folrt A& #EAFNLY
signale TE3A| @2 AHMNC-)Y UIsE ExTol vg) F9 34A S7HstaH.
o= Vral 5(1997)3 Krysgio 5(2001)8] A+ A} o} fASGoH AFHEA A
& MNC-TH tid o2 fgsfopA et Ao 93 F=d &Fnks 77k}

Y5 YU AL L 5 AU EF 2T @5 BE AWNEE BN 23

Nl

&

F Az A 98 94Y 299 S19e G447 A o
W 28847 FISHEE $A ol §3ko] FAHel 3 A4A
HUE 2R AE signalel gl AUV ZHT A7 3R BAPPOEA
AAge] PAdel £28 22ASH U ATHH =YY PPoz B4
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Atk A& & F UAh

At Aol A ZARE 3 DNA 438 A3jA2 3-ABs} Ara C ¥ HU
£ Helsle] buds} NPBS} MSE 248 2% 453 493 bud 2 NPBY WE:
£ 1,29 329 13 2k 144 3Gy7hA e FAFo] F71etel wet 43, budst
NPBY W=+ $AHCE R3tA F7+3t5Hp<0.001).

A A 3 DNA €4 318 A4, Ara C, 3-AB ¥ HUE A% 4%, =
T AFolA BAAT 2AR Ao wE 289 W=7 74 A FHEIL
(p<0.001), Ara C, 3AB, 18]3 HU o2 Jepsth £ bud®] 29 Ara C¥ A
e B Ert Fo3HA FUHERem 3-ABSE HUC dsiA= ozt F7tst
Aot fro8kA ¢hgkth. NPBe] 7%l Ara C9} 3-ABE A& Aot ¥s
7V welstA F7tE e HUA SJsiAe 4z Fr7hstdl o frelskA gt

c-myc fAAE o2 A FISH £38& SA/d #4319 c-myc
A7 X ste 8W A 9 o|FA & AR A g 2T, 1Gy, 2Gy B 3GyelA
7z} 0.05%, 0.50%, 1.20% 2 3.30%<] o]FA-& Yebdom(F 3) A% wat F %
EE fosA Frhte $-utE@AE Rolx gtk BEY E 33 19 294 EE
o} o] shite] ol 3719 signale] e trisomy$t THE @3l 179 signal
o] YehtE= monosomyd A9 3+1, & & o 47]9 signale] BF YERtE

QA 440, &3 o] FAAY signale] EFFHO e A4 2+1+1IMN,
1+1+2MN, 2+0+2MN, 1+1+IMN+IMN 2 1+0+3MN 53 Z-& ojgXo] #EEH L.
o =3 A4 signal <1 47 o)A+ signalg 7FA AE, 2+41+2MN 2 2+2+IMNE
FFHAY. F oFAY Wes TAX T gt F7HRA.2H DNA &4 35 9
AAE A2 A3 FALd g3 AR o4 IEE IA F/Hetded &
3 Ara CE& X2)@ 3% 7H¢ Bol Z7kshdnh. |
E 49)ME budd WEY c-myc AR signalE T3 budd HIEE B

3 Sl AR E bud 5 13% wgke] buddl A signale] FAE Yo o] Yy
FARY =8 bud AT c-myc FAA T2 AFAo] FL& Aoz Hud

ATt WekA FZFAA bud®] YAHAARAA c-myc FAA o] Yol ThE 7)Aol

L N

4
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A AAREHY,
cdlAje} o] WA =&8 YA txTAAY 428 NEE
AT A A9 Hes AYAdA dxeRT 24 Jesten Signals E3
= 433 MNC+9} signale E3ahd e 48 MNC-9 ¥sE B33 2%
MNC+¢] ¥l=&= iz gt 22 1000702 binucleated BN) A E3 6.257)
9 69672 2ol AR oYU MNC-9 ¥ix: fzrd AgdadA 22 1000749
BN AE% 3.62709 15. 14742 AdAA golstAl Z7154thp<0.000).
= F 287 MNC+ € MNC-RIE7} o= AP A =2Fe F8E F 3
A golRy] 8 F =&Y, JT 590 w2 F 183 T 14 =E2FH &Y
Hisote)l HAE A% B A, gz vE) AxE, Fed 281 Ix394 F
283} MNC-9] HlE+= Z7bste] & WEAAE B oy MNC+Y| HizE F7H38HA
Sttt (£6,7,8). & 9 28 1
oA 18 ojgon ZTRUESE 1-54, 6-10yd, 11-159 12lx 16 ooz U
of AME A3, TFEF T HYAEY F 4, MNC 2 MNC- & BEFoM 3
A Zol7k Al et

5]
o
_ﬂ,
uXE
.

b
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Table 1. The frequency of micronucleiMN) in human lymphocytes induced by

radiation
No. of . .
No. of BN cells with different number of MN  Total No.
Dose(Gy) scored
. of MN
BN cells +1 +2 +3 +4 +5 +6 +7

Control 2000 12 0 0 0 0 0 0 12(0.6)

Control +Ara C 2000 17 0 0 0 0 0 0 17(0.9)

Control +3AB 2000 15 0 0 0 0 0 0 15(0.8)

Control +HU 534 5 0 0 0 0 0 0 5(0.9)
1 2000 156 14 2 1 0 0 0 194(9.7)
1+ AraC 2000 248 40 5 1 0 0 0 347(17.4)
1 + 3AB 2000 186 24 1 1 0 0 0 241(12.1)
1+ HU 1668 145 17 3 0 0 0 0 188(11.3)
2 2000 295 36 8 2 0 0 0 399(20.0)
2+ Ara C 2000 523 116 44 6 1 0 0 916(45.8)
2 + 3AB : 2000 352 59 7 0 0 0 0 491(24.6)
2 + HU 1021 175 22 7 0 0 0 0 240(23.5)
3 2000 490 162 38 6 2 0 0 962(48.1)
3+ Ara C 2000 570 260 74 15 2 0 1 1389(69.5)
3 + 3AB 2000 491 210 68 8 3 0 0 1162(58.1)
3 156 66 8 1 1 0 0 321(47.3)

+ HU 678

BN: Binucleated cell
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Table 2. The effect of DNA repair inhibitors on x-ray induced micronuclei, bud and

nucleoplasmic bridge in human lymphocytes in vitro

No. of scored

Dose(Gy)

Total No. of MN  Total No. of bud Total No. of NPB

BN cells (%) (%) (%)
Control 2000 12(0.6) 3(0.15) 0(0.00)
Control +Ara C 2000 17(0.9) 5(0.25) 2(0.10)
Control +3AB 2000 15(0.8) 3(0.15) 0(0.00)
Control +HU 534 5(0.9) 1(0.19) 0(0.00)
1 2000 194(9.7) 14(0.70) 10(0.50)
1+ AraC 2000 347(17.4) 30(1.50) 26(1.30)
1 + 3AB 2000 241(12.1) 12(.60) 18(0.90)
1+ HU 1668 188(11.3) 16(0.96) 9(0.54)
2 2000 399(20.0) 37(1.85) 20(1.00)
2+ Ara C 2000 916(45.8) 57(2.85) 120(6.00)
2 + 3AB 2000 491(24.6) 36(1.80) 32(1.60)
2 + HU 1021 240(23.5) 22(2.15) 17(1.70)
3 2000 962(48.1) 56(2.80) 63(3.40)
3+ Ara C 2000 1389(69.5) 86(4.30) 160(8.00)
3 + 3AB 2000 1162(58.1) 58(2.90) 92(4.60_
3 + HU 678 321(47.3) 22(3.24) 27(4.00)

BN: Binucleated cell
MN: micronuclei

NPB: nucleoplasmic bridge
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Tabel 3. The frequencies of different types of aneuploid binucleated(BN) cells and

micronucleus(MN) with positive c-myc signals in human lymphocytes

exposed to x-radiation

Aneuploid BN cells

No. of  with signal Total
Dose(Gy) scored negative with signal positive MN aneuploidy
BN cells MN (%)
3+0  4+0  1+1+2 2+1+1 2+0+2 1+1+1+1 1+0+3 multi

Control 2000 0 0 0 1 0 0 0 0 1(0.05)
Control +Ara C 2000 0 0 0 0 0 0 0 0 0(0)
Control +3AB 2000 1 0 0 0 0 0 0 0 1(0.05)
Control +HU 534 0 0 0 0 0 0 0 0 0(0)
1 2000 4 0 4 2 0 0 0 0 10(0.5)
1+ AraC 2000 10 0 13 1 0 1 0 1 26(1.3)
1+ 3AB 2000 6 0 6 1 0 0 0 1 14(0.7)
1+ HU 1668 10 0 3 4 1 0 0 0 18(1.1)
2 2000 11 1 7 2 0 0 1 2 24(1.2)
2+ Ara C 2000 16 1 32 5 1 1 0 1 57(2.9)
2 + 3AB 2000 13 1 9 9 0 0 0 0 32(1.6)
2 + HU 1021 13 2 6 2 0 0 0 4 27(2.6)
3 2000 26 1 24 10 0 1 0 3 65(3.3)
3+ Ara C 2000 44 4 80 11 4 1 0 1 145(7.3)
3 + 3AB 2000 36 1 48 13 0 3 1 0 102(5.1)
3 + HU 678 10 2 13 5 0 0 0 1 31(4.6)

BN: Binucleated cell

Multi : the binucleated cell with more than 4 signals
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Table 4. The Frequencies of buds with positive c-myc signals in human

lymphocytes exposed to x-radiation

No. of scored

Total No. of bud

Dose(Gy) Total No. of bud (%) . .
BN cells with signal (%6)
Control 2000 3(0.15) 0(0.00)
Control +Ara C 2000 5(0.25) 0(0.00)
Control +3AB 2000 3(0.15) 0(0.00)
Control +HU 534 1(0.19) 0(0.00)
1 2000 14(0.70) 0(0.00)
1+ Ara C 2000 30(1.50) 3(10.00)
1+ 3AB 2000 12(.60) 1(8.30)
1+ HU 1668 16(0.96) 2(12.50)
2 2000 37(1.85) 1(2.70)
2+ Ara C 2000 57(2.85) 3(5.30)
2 + 3AB 2000 36(1.80) 1(2.80)
2 + HU 1021 22(2.15) 2(9.10)
3 2000 56(2.80) 3(5.40)
3+ Ara C 2000 86(4.30) 5(5.8)
3 + 3AB 2000 58(2.90) 3(5.20)
3 + HU 678 22(3.24) 0(0.00)

BN: Binucleated cell
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Figure 1. Efféct of Ara C, 3AB and HU on x-ray induced micronuclei, bud and

nucleoplasmic bridge in human lymphocytes cultured in vitro
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Figure 2. Effect of Ara C, 3AB and HU on x-ray induced aneuploidy in human

lymphocytes cultured in vitro
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Table 5. The frequencies of micronuclei with or without centromere signal (mean

per 1000 binucleated cells) in the control and exposed workers

MNC+ MNC- total MN
Number
mean S.EM mean S.EM mean S.EM
Control 24 6.25 0.38 3.62 0.33 9.87 0.48
Exposed 14 6.96 0.33 15.14 0.68 2211 0.77
p value 0.325 <0.0001 <0.0001

S.E.M = standard error of the mean

Mann-whitney test was used to determine statistical analysis for exposed and
control

Table 6. The frequencies of micronuclei with or without centromere signal (mean

per 1000 binucleated cells) by cumulative radiation dose

Dose MNC+ MNC- total MN
Number
(mSV) mean SEM mean S.EM mean S.EM
0 24 6.25 0.38 3.62 0.25 9.87 0.48
0<-<60 14 6.64 0.38 14.50 0.84 21.14 0.84
50=-<100 10 7.77 0.56 15.22 1.33 23.00 1.72
100< 4 6.25 1.10 17.25 1.75 23.50 150
p value - 0.115 0.041 0.041

S.EM = standard error of the mean
Kendall's r was calculated on cell bases.
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Table 7. The frequencies of microunuclei with or without centromere signal (mean

per 1000 binucleated cells) by recent 5-year dose

Dose MNGC+ MNC- total MN
Number
(mSV) mean SEM  mean SEM  mean SEM
0 24 6.25 0.38 3.62 0.25 9.87 0.48
0<-<25 11 6.63 0.36 14.09 1.14 20.72 1.16
25<-<50 7 7.00 0.61 14.42 1.17 21.42 1.26
50< 10 7.33 0.73 17.10 0.97 24.50 1.18
p value 0.118 0.043 0.037

S.E.M = standard error of the mean
Kendall's r was calculated on cell bases.

Table 8. The frequencies of micronuclei with or without centromere signal (mean

per 1000 binucleated cells) by recent 1-year dose

Dose MNC+ MNC- total MN
Number
(mSV) mean SEM mean SEM  mean SEM
0 24 6.25 0.38 3.62 0.63 9.87 0.80
0<~<5 20 6.75 031 1455  0.78 2130  0.78
5<<10 4 6.25 085  17.25 137 2350 150
10< 4 9.00 100 1675 205 2575  2.95
p value 0.123 0.039 0.034

S.EM = standard error of the mean
Kendall's r was calculated on cell bases.
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Table 9. The frequencies of micronuclei with or without centromere signal (mean

per 1000 binucleated cells) by duration of work

Duration MNC+ MNC- total MN

of work Number

(years) ‘ mean SEM mean SEM mean SEM

0 24 6.25 0.38 3.62 0.25 9.87 0.48

1-5 11 7.09 0.36 14.18 0.96 21.27 1.01
6-10 10 6.70 0.80 16.50 1.37 23.20 1.71
11-15 5 7.20 0.37 15.40 111 22.60 1.28
> 16 2 7.50 0.49 14.50 2.49 22.00 1.99

p value 0.121 0.135 0.134

S.E.M = standard error of the mean
Kendall’'s r was calculated on cell bases.
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b-1 b-2

Figure 3. Photographs of binucleated cells scored in the CBMN assay. a-1 : a BN
cell with a signal-positive micronucleus. a-2: the same nuclei as shown in
panel a-1 counter-stained with DAPL. b-1 : a BN cell with a
signal-negative micronucleus. b-2: the same nuclei as shown in panel b-1
counter-stained with DAPI.
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Figure 4. The frequencies of centromere signal positive(MNC+) or negative (MNC-)

micronuclei in the control and exposed workers.
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(2) P21 biosensor ¥
Human blood lymphocyte®E thio = P2le] odH S Al IF o Jje=
AT g e A BEEE HAEI] A8 S ddeE dFE 3T Ay
ofefet 22 AAE AUtk TA FE = JE2 ALY e A B
= AES] As 39 9ok 2 AgE o] J&ol A HAF 4= Ve
AHEE T S AR qdEHoAER WE T LANAAE 2GyolstillA FE
A AHEE F e Aoz Yelhgt
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(3) yH2AX assay ®
Human fibroblast®] primary cultureE thid o2 H2AXS] ¢l4+sld <l y H2AXE)
43 & immunocytochemistry® 3ty HZ = J)E2 AL 5 e A
Be4de HED 27 o] 71&e 4dZA dAMAT Aol HAN AEH

HE S 7|2 AL o JIe2 39U

(4) Cluster DNA €4} 24 7&

OB WA ZAbe] 9%k small size DNA o] g3 39l
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- Small size DNAE dose dependent(1Gy, 2Gy, 5Gy, 10Gy)3tA] v -ray ZA} ¥, A
719 %3t Fluor-S Multilmager(Bio- Rad)® <13+ A3} dose 7} Fvigel o}
2} gel fluorescenced] ZE7} ZF7lsldon, 2E M olA dose-dependentdt
AES 4& F AUk =3 Distanceol] W& vlA g Fako] A=A
pBCZ dose dependent(1 Gy, 2 Gy, 5Gy, 10Gy) 8tAl y-ray ol =AM 3, 0.4 %
agarose in Tris-acetate pH 8.0 60V@0V, 6C)E H71¥9&3td Fluor-S
Multilmager (Bio- Rad) & &<1s}Ar}.

Photograph of a pseudocolor display of an image of an ethidium
bromide-stained neutral agarose gel demonstrating the quantitation of 7y
-ray-induced damaged in pBC. T1: 1Gy irradiation, T2: 2 Gy irradiation, T5: 5
Gy irradiation, T10: 10 Gy irradiation, C: control pBC, M: 1kb ladder marker.

" Gel Fluorescence

0 0.2 04 0.6 0.8 1 1.2

Distance

Integrated propile of all lanes from gel in upper Figure.
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(b AP zAbel] 93 T7 DNA o ¥ &<l
- Neutral gele double strand breakage¥t Z43t7] $1% A2 =& strand 9
cluster DNA damageE #Z3}7) 9islA EH EAE AR&afol ot & A3Y
ol = Fpg protein site ¢! oxidized purine € ©]&3}l] set-up 3R T
0.25krad 2 ZA}¥ Bacteriophage T7 DNA cluster damage & unidirectional
pulsed field electrophoresis 2 ¥X4% Az g3 2o Marker o Gel

dispersion function & A4+ & 4 AU

Distance 72 110 155 174 194 219 250
Length (kb) 48.5 40 23.1 9.4 6.6 4.3 2.15

- o]& o]&3}e] T7 DNA cluster®] number average length 7} 47.0745 + 0.3876
kb, Length average length 7} 47.4000 + 0.3500 kb, Median length 7} 47.1761

+ 0.3144kb ¥<& 7 F YA

(th) BA] ZAbel 9]% DNA &34
isolated A DNAZE dose dependent(0Gy, 5Gy, 10Gy)8tAl 7y -ray RAk 5;‘ E9

FE Q4 Ea

i

A#ste @719 53 ¥, Fluor-S Multilmager(Bio- Rad)Z
0§ A7, DNAS &3R5 43t ZelsE Ba9 7|soE 548
e A @ AFFHT © e oz DNAYF ZEAE AL F23A

(@) WA ZAbo] oJg DNA &4 A %3}
Fluor-S Multilmager(Bio-Rad)& A}-&3la A719%F @ AHAEE FHTA7 %
O|FREE IARTIY TZFo 23 £A4AHEY 5435 Y3

- A zAb) 9%t isolated A DNA ¢ 9% 2

T—

isolated A DNAE dose dependent(0Gy, 5Gy, 10Gy)stAl y -rayel] ZAgE &,
oxidized purinesg& EeolHo =z RIX3E Fpg EAE A2 AR F
1.0% agarose in Tris-acetate pH 8.0¢] switch time 1-63%, 11A|ZF 6v/cm,

120° , 14C 2 H719% 3o Fluor-S Multilmager(Bio- Rad)2 FH 379} °l%

[+
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A8 A 299 BERANAA BYPo] Bgs},

AAAG L hzAg A% 2 AGYLE 2 P9 dAgGHEH N 2 7
Aole] frol4 Sl Role gllon WALM ME GF XEJ P 5 g
P FAE o4 9= Aol Utk (Table 1, 2, 3, 4. XA RHL
AL AR Hamo]l S £AE UEY AL JEINAE OEpE £
ALgge] Fxo| WE 25T Hr) So 99 o3 Ao Azbwr)

AuldFe N ATAEE Ad YZ T = 279 8L 7R YZTe FEE
PHA 2% SdToA =4 45593, Cyt-Be HA7lgo] 71842 ANz
Tl W o3 PYxpe $E8e Zrtstgoy 48 AEe §FEEI Cyt-
AA ] MTEAS nelstd FAEEE 4 pg/mle ELT

A d AL ZALY wE mad o] wa) FAHS Fig. 1, Table 5, 6 2 73

Zom HALM Z A W} linear-quadratic modelS A L3t G & FHAL

2 'y = 0.1016D + 0.0118D* + 0.0147,

A 2 &0 vy = 0.1353D + 0.004322D° + 0.00867,

HA :y = 0.0183D + 0.0124D* + 0.0133

(v = CB AX%3 MNY <, D = WA AV Gy)Foh

AA89Ad FA SA9Ad FH @ g3dAd FHTG gR2AE AMS A9 ni
3 dAPL 1000708 MEHREEAGEET F 42 FiF 987/0(E4), 8907 (&
), 92070(33) 2 9607 (3 12D, 93074 (BHE 22hHRem. g 2o mE
AAANA ME F 270 o] 3y madE 71 F9= ¢t (Table 8, 9). A
W 29 mad LRANEE AGH PAH ZAF F AL AR F-nkg A9

st FAXNFL sotslr] 948k, v = aD + bD® + CE D = [-at/(d°
-4b(C-y))] + 2b 2 AZst o AS ZAZ HNE F viadge F
b FANFE AT RES T Lol WAMA v ZAE Y @A
wotom, AAAN FAAFL dAYA AG AAK LA -478 cGy, &
A AMSA 571 cGy, FFLA NG AFSA -546 cGy, NEAYG AF§ oA
-5.05 cGy(1a}) 2 -535 cGy(2ah)4th

44 2 £33 93T dE2X9 AIS S ulad A2 1000742 o]
AAE G 24z FdF 96070, 68370 2 9837 Fom. oA AR BE A
Ao AE F 27H 01”94 1*6“-"— 7+A 75H~ LTt (Table 10). ZA} oA
ZHEH*WH m] 3 &
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Al -1.39 cGy, HEAY ALS Agatda A 089 cGy At

FFLA FHG d2AG ALS HA Y viA" TS 1000008 AEAEE
AGE I F 4z FA 106070 2 111070 Fow. A sixe] BE A A
= Tt (Table 11). 2AF A A9
T AL wAbA g-ukg- Ao i §)ste] F
vpotgt vf A FANGFLE GFEH AY AAFHAANA -16.63 cGy,
AFSH A A -13.21 cGy o
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Table 1. Hematological values in cattle of Wolsong, Uljin nuclear power plant and

control region (mean = S.D.)

Test group Unit Control region Wolsong region Uljin region
Erythrocytes M/ul 7.160.50 7.48+1.30 8.78+1.10
Hemoglobin g/dL 9.83£0.52 10.15+1.21 13.52+1.62
Hematocrit % 29.90+1.96 33.13+3.51 43.02+5.26
Thrombocytes K/ul 240.14+£59.01 226.2+59.99 278.8+41.8
Leukocytes K/ul 8.18+1.89 8.38+2.14 8.70+1.51

Neutrophils Khal 3.37+1.13 3.66+1.58 4.01+1.33
Lymphocytes K/ul 4.49+1.47 3.99+1.12 4.14+0.42
Monocytes K/l 0.25+0.10 0.37x0.12 0.26+£0.14
Eosinophils K/l 0.13%+0.10 0.28+0.15 0.22+0.10
Basophils Khi 0.04+0.03 0.10+0.05 0.07+0.04

Table 2. Hematological values from cattles in the vicinity of Yeonggwang nuclear

power plant and control region (mean =+ S.D.).

Test group Unit Control region Yeonggwang region
Erythrocyte M/ ul 8.26+0.94 8.57+1.34
Hemoglobin g/dL 10.81£0.32 12.30+1.89
Hematocrit % 31.70+2.46 36.40+2.71
Thrombocyte K/ul 340+ 46 39084
Leukocyte K/t 8.97+1.79 9.18+2.16

Neutrophil K/ul 3.17+1.22 2.97+0.94

Lymphocyte K/ul 4.90+1.51 5.24+1.66

Monocyte K/ul 0.75+0.11 0.80+0.25

Eosinophil K/l 0.11+£0.10 0.12x0.08

Basophil K/ul 0.04+0.04 0.05+0.04
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Table 3. Hematological values in goat bred in Wolsong, Uljin nuclear power plant

and control region (mean + S.D.)

Test group Unit Control Wolsong Uljin
Erythrocyte M/l 16.89+0.95 14.65+3.26 14.81+2.62
Hemoglobin g/dL 11.13+0.95 9.98+1.78 7.62+1.16
Hematocrit % 28.64+2.22 26.77+4.81 31.33+6.13
Thrombocyte K/t 452+ 186 300+ 164 1356+342°
Leukocyte K/ ul 15.69+3.69 13.31+2.21 15.33+3.75

Neutrophil K/l 3.75+2.00 3.95+0.98 4.72+1.39
Lymphocyte K/nl 9.55+2.04 7.42+1.48 8.60+2.21
Monocyte K/ nl 2.12+0.67 1.58+0.62 1.73+0.55
Eosinophil K/ul 0.21+0.17 0.26 £0.23 0.19+0.10
Basophil K/ul 0.07+0.05 0.11+0.11 0.09+0.04

*p<0.01 as compared with control group.

Table 4. Hematological values in pig of Yeonggwang nuclear power station and

control region

Test group Unit Control region Yeonggwang region
Erythrocytes
H ) M/ul 7.44+0.18 7.29+1.34
emoglobin
u ) g/dL 11.40+0.27 11.02+0.69
ematocnt % 38.47+1.65 39.97+6.63
Thrombocytes K/ul 246.00+70.89 243.80+76.04
Leukocytes K/ul 14.77£1.30 15.29+3.56
Neutrophils K/ul 6.25+0.96 5.46+1.08
Lymphocytes K/ul 8.18+0.45 10.0242.50
Monocytes K/ul 0.18+0.13 0.25+0.18
Eosinophils K/ul 0.12+0.04 0.23+0.12
P K/ul 0.05+0.04 0.13:0.06
Basophils
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Table 5. Micronuclei (MN) per 500 cytokinesis-blocked lymphocytes following

irradiation of cattle

Experimental | No. of cells Number of micronuclei per cell Total number of

group without MN 1 2 3 4 MN
donor 1

0 cGy 493 7 7
100 cGy 451 43 6 55
200 cGy 392 80 24 4 140
400 cGy 279 173 36 11 1 282
donor 2

0 cGy 492 8 8
100 cGy 452 44 4 52
200 cGy 401 75 19 5 128
400 cGy 282 167 47 12 2 305
donor 3

0 cGy 493 7 7
100 cGy 441 53 6 65
200 cGy 384 89 25 2 145
400 cGy 252 189 41 17 1 326
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Table 6. Micronuclei (MN) per 500 cytckinesis-blocked lymphocytes following

irradiation of goat

Experimental | No. of cells Number of micronuclei per cell Total number
group without MN 1 ) 3 4 of MN
donor 1

0 cGy 496 4 4
100 cGy 437 52 11 74
200 cGy 375 100 21 4 154
400 cGy 274 151 59 15 1 318

| donor 2 ‘

0 cGy 495 5 5
100 cGy 432 61 7 75
200 cGy 380 92 26 2 150
400 cGy 281 143 61 15 310

donor 3

0 cGy 496 4 4
100 cGy 439 50 11 72
200 cGy 389 85 20 6 143
400 cGy 281 155 50 10 4 301
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Table 7. Micronuclei (MN) per 500 cytokinesis-blocked lymphocytes following

irradiation of pig

Experimental | No. of cells Number of micronuclei per cell Total number of
group without MN 1 2 3 4 MN
donor 1
0 cGy 495 5 5
100 cGy 474 22 30
200 cGy 462 32 44
400 cGy 393 80 22 4 1 140
donor 2
0 cGy 493 7 7
100 cGy 479 19 23
200 cGy 459 34 49
400 cGy 392 79 23 143
donor 3
0 cGy 495 5 5
100 cGy 476 21 3 27
200 cGy 461 32 7 46
400 cGy 390 79 25 6 147
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Table 8. Micronucleus frequency in binucleated cells of bovine lymphocytes

from Wolsong, Uljin nuclear power plant region and control region

Number of MN per 1,000 CB cells
Subject
Control region Wolsong region Uljin region

1 10 13 10
2 15
3
4
S 21 11
6 10 7 14
7 10 12 9
8 13 7 4
9 10 11
10 6 8
11 13
12 10
13 11 10
14 8 12
15 12 14

Mean=+S.D 9.60 + 3.91 9.87 + 2.64 8.90 + 3.84
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Table 9. Micronucleus frequency in binucleated cells of bovine lymphocytes

from Younggwang nuclear power plant region and control region

Number of MN per 1,000 CB cells
Subject
Control region Younggwang region
1 10 7
2 7 11
3 8
4 16 11
5 7 10
6 10 6
7 8 13
8 11
9 8 6
10 12 16
Mean+S.D 9.20 + 368 9.30 £ 3.30

Table 10. Micronucleus frequency in binucleated cells of goat
lymphocytes from Wolsong, Uljin nuclear power plant and

control region

Number of MN per 1000 CB cells
Subject
Control Wolsong Uljin

1 6 8 9
2 16 6 5
3 8 12 7
4 5 9 6
5 6 13 6
6 15 8
7 13

8 10

Mean+S.D. 9.88 + 432 960 + 2.88  6.83 = 1.47
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Table 11. Micronucleus frequency in binucleated cells of swine lymphocytes

from Yeonggwang nuclear power station and control region

Number of MN per 1000 CB cells
Subject
Control region Yeonggwang region

1 16 8

2 7 16

3 14 15

4 12

5 8

6 15 13

7 11 14

8 .

9

10 13 16

Mean+S.D. 11.10 + 341 10.60 + 4.77
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€ Ul multi-casualty Alarell tiu]dt 7]<& protocold] EF3} 2o dF o2 IAEA
oA} 34 ZWH IAEA biodosimetry specialist¢! Dr. Darroudi ¢} Dr. HayataZ
A FY d7F 1090 iAo E JAEA AY Workshop (National Training
Course on Biological Radiation Dosimetry)S 7§33}le] Standard Technique
Transfer (E& 7l€ AF)E AL 20049 11€ 49 ~ 11€ 129)

€ Workshop for National Training Course on Biological Radiation Dosimetryell tf gk
IAEA E3olA o AANE L& HEIAS.

TRCH#001  NATIONAL TRASNING,COURSE ON BIOLOGICAL RADIATION DOSIMEfRY

Technical Officer: . Watanabe Naoyuki (NAHU}
Implementation Officer: = Bischoff. Gerard Lucien (TCPA)
Implementation Clerk/Assistant: Voulgaris-Muchar, Jeanstte (TCPA}
Course Director: 'Kang. Chang-Ma
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€ ot2fol Workshop dA& 5353+

National Training Course 2004 on Biological Radiation
Dosimetry Supported by IAEA for Management of Patients

with Radiation Exposures
(Programme: IAEA Ref. C7-ROK-9.045-001)

Purpose: To establish nationally shared protocol of assessment of radiation biodosimetry.
Place: Lab. of Radiation Cytogenetics, KIRAMS, Seoul, Korea
Periods: November 4. (Thu) ~ November 12 .(Fri), 2004.
Participants: Below 10 people from KAERI, KINS, RHRI, SNU
involved in radiation biological dosimetry and physical dosimetry
Lecturers: Dr. Hayata (Japan) & Dr. Darroudi (The Netherlands)
Contact to Dr. Chang-Mo Kang (+82-2-970-1361, kangcm@kcch.re.kr),
Secretary: Gieunn Kim (+82-2-970-1403, gieunn@kcch.re.kr)
Office FAX: +82-2-970-2404

Lectures
1) Role of cytogenetical biodosimetry in the radiation accident: Experience in Tokaimura
criticality accident (Dr. Hayata)
2) General introduction of chromosome aberrations induced by radiation (Dr. Hayata)
3) Protocol for fusion-PCC (Dr. Darroudi)
4) Recent development in the field of cytogenetical radiation dosimetry (Dr. Hayata)
5) Effect of low and high LET radiation on DNA (Dr. Darroudji)
6) Intrinsic DNA damage and DNA repair mechanisms (Dr. Darroudi)
7) Current techniques in radiation mutagenesis (Dr. Darroudi)

Practices
* FISH & fusion-PCC (Dr. Darroudi & Dr. Kang) * Chemical-PCC (Dr. Hayata & Dr. Kang)
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¢ 4 A} 1 2004. 11. 4(F) 09:00 - 12(F) 18:00
® 3 2 g4AG%Y TEAAERARAY 33 BAAASDIATA
®d A
1149 44(%)
A7k el A3 A&
09:00-09:30 |1 Apgt M
o . .
09:30-10:15 |2 Cytogenetic assays to define DNA damage | = o - .
induction by physical and chemical agents
10:15-10:30 |Coffee break
) . (A43¥) Bllod sampling and setting up lymphocytes BAR
10:30-11:10 . .
cultures Firouz Darroudi
ps : :
11:10-12:00 (739]) Chr.on}osome aberrations induced by Isamu Hayata
radiation
12:00-13:30 |Lunch break
7}o . . .
13:30-14:20 (72e]) Rol('e (ff cytogenetlc biodosimetry on the Isamu Hayata
radiation accident
N1 G (A¥) Fusion of interphase human lymphocytes ) )
14:20-18:00 with CHO mitotic cells using PEG Firouz Darroudi

119 54 (&F)

A7 73/ Ag A=
(7+9]) Low and high LET radiation induced
09:00-10:15 chromosomal aberrations: Mechanisms and Firouz Darroudi
Spectra

10:15-10:45 |Coffee break

A 15 (7+9]) Recent development in the field of
10:45-12:00 cytogenetically radiation dosimetry Isamu Hayata
12:00-13:30 |Lunch break |
13:30-14:45 [(A¥) Slide preparation Firouz Darroudi
14:45-15:15 |Coffee break

O (43¥) PHA-stimulated lymphocutes will be treated
15:15-17:30 with Calyculin A to induce PCC Isamu Hayata
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11€ 6¥4(®)

A7 7re)/ A4 A5
o .
09:00-09:15 |2 #) To add Colcemid to cultures set uo for ARE
metaphase analysis on Nov. 4
Ry . . . .
09:15-10:15 (A3) Slide pr-eparatlon of PCC experiment using Isamu Hayata
Calyculin A
10:15-11:00 [(A3) Coffee break with Discussion Isamu Hayata
. ) (A48) Fixation of cultures for metaphase analysis, AL
11:00-12:30 ] ] .
and slide preparations Firouz Darroudi
119 8¢ (R)
A7} el Ad A=
Ao ) . . . ~
09:00-10:15 (x9]) Blologlcalhdommetry using FISH-based Firouz Darroudi
translocation assay
10:15-10:45 |[Coffee break
10:45-12:00 |(7}¢]) DNA repair syndfomes relevant to X-rays Firouz Darroudi
12:00-13:00 [Lunch break
2 - . . . g . 7} = 2
13:00-18:00 (A ¥) Fluorescence in situ hybridisation (FISH) . Age!s .
assay Firouz Darroudi
11€ 94 (3}

PE 2/ A% A%
09:00-10:15 |(7}9]) Lessons learned from Chernobyl catastrophe |Firouz Darroudi
10:15-10:30 |[Coffee break
10:30-12:15 (A238) Staining and analysing preparations made A A

) ) from PCC experiments Firouz Darroudi
12:15-13:00 |Lunch break

. . . . VA 258
13:00-18:00 Discussion Firouz Darroudi
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Lk 29/ 44 A
) . (A38) To continue for FISH assay using Ao N
09:00-12:00 . . .
chromosome and centromere specific probes |Firouz Darroudi
12:00-13:00 {Lunch break
7} 73- 2
. — . PAR- (-
13:00-18:00 ((A¥) FISH assay Firouz Darroudi

119 114(%)

2 ks 7/ 2¥ PR
:00-12:00 |(A G
09:00-12: (23) FISH assay Firouz Darroudi
12:00-13:00 |Lunch break
13:00-18:00 (A38) Cytology scoring (Metaphase/ dicentric A
' ) analysis, PCC in G0/G1 and G2 cells) Firouz Darroudi

11€ 1294(&)

A7 72/ A A E
(7+2)) Modulating effect of inhibitors of DNA repair
09:00-10:15 as a tool to improve radio- and Firouz Darroudi
chemo-therapy treatment
10:15-10:30 [Coffee break
. . (238) Cytology scoring (FISH-based translocation A AN
10:30-12:15 . . .
analysis) Firouz Darroudi
12:15-13:15 {Lunch break
13:15-17:00 |(A3) Scoring discussion of results from practical 3% =
) ) g p Firouz Darroudi
A A
17:00-18:00 |Closing g

Firouz Darroudi
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