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FAYLe Ao mwgHe], AGAATEE THLE 1999 39 24269, W
Washington DC|A] OECD$ ICH guideline®] International Harmonizations <%t
IWGTP International workshopol 4|, XX E 3l H7I7IHE, o€ &9, Transgenic
system, thymidine kinase forward gene mutation, single cell gel electrophoresis, DNA
binding/adduct assay &< FAZ 3 7} AHE v A3, BAE FE/Z =HFH
o] #7kg v Atk fEo] OECD guideline for the testing of chemicals®] W% #} ICH

S 3#sta, 53] dA19 OECD9 Expert Committeed| A =9 =31 31, 23 A
AAFELS FAlo7 33| International harmonization il v+ o8] A X FHAA
leveld] IR H A4 H7F 4T ¢ Yo}yl DNA microarray 7]1&S o]&3 H7]
¢l Toxicogenomics AT 5, HZ9 FAZI AL F-&3t SFFa=4, AF
o, oJoF ¥R =22 =8 EE FTFEZY AFY FEE AT FUHHA AL FH
S APl Fue qlo A9 - Bgste]of gt

27 &3] 549719 OECD guideline®2 H 2+ OECD guidelines for the
testing of chemicals= HAX=E9 =47 ¥Rl AAg 3 AAss ANAFE T8
guideline® 2 A °o|oFF, 3stEd 59 W7t Fo ANAM7E Ha o o]¢h e

OECD guideline®] W 53 NS 98 Expert Commiitteed| X == =
Draft document= %/}JEE w24 H3lEe= SAYZE e 528 gors] Haxt gk
th. OECD guideline®] - 53] #xA8 29 ol AP FAFAsHY o o

w&3 HEks & 5 Qo

A MEL SAF7E B w574 HHEs AFHee F2 topic® ZAE cell
levelel 1 ¢] DNA strand breakageE ® A& 4 U= Single Cell Gel Electrophoresis
(SCGE assay) ¥ Comet Assay T ICHO|A @Ale] WA in vitro G A o] FA
S HAE 5O =2 Harmonizations 3l )+ Mouse Lymphoma thymidine kinase
gene Assay s°| Uth ICH= "=, EU, 90| A= (tripartite) A= 3t 2F =9
Aok Iyl AleFeabe] AtAlRl AFHITE T o] Hol AMOlA AHEEE o okE
MRS 9% Ay GG AFHE B TYE guidelineS THE0] Al 731, H]
& o= APsax she gEE AAEAG. Al 18] ICH 3o 19919 11¢€ ¥ X =-9f
Hadol A oF 12007 °] F7bstal ECH A3 Fodd, 4B, v=9 ECHAL 5o 34

[z

3 A F o)z AZEAT. 2 o]FE A23] ICHE 199393 10€ W= Floridaol A v
o] FDA%Z# To] =43t ¢F 1600w o] #AASo] FAste] o4& 7HAW = A
¢l HarmonizationS 3l gt o]9F £& ICHO| 3 FAZFC WE oy, 2 71X
e etHle WE EI Zo] Ao & 74°1E‘r HE 7=, EU, 9829 A=
(tripartite) & FFHO=Z 7 uygtolX e HFo Ao A3 = EUAAN= O



European  Commission-European  Union (EU), (@ European Federation of
Pharmaceutical Industries Associations (EFPIA)7} #reddtal, dE oA += @O Ministry of
Health and Welfare, Japan (MHW), (@ Japan Pharmaceutical Manufacturers
Association (JPMA) 18]al #]Fo|A= O US Food and Drug Administration (FDA),
(QPharmaceutical Research and Manufacturers of America (PhRMA)7} F4eo] =il 3]
i1 observerZ X4+ WHO, EFTA (European Free Trade Area), CanadaZ T/d% o] Slth
i ICHS 719 <Qdeh, oi} A #3 FAARZ LFALIE Fol &4 FHAZY
B ome] 9498 T3 AHHoT eAYe) 154 Y= o] gom, tolrh ARl
HarmonizationS 93] 719193 (Expert Working Group)E ¢ 25832 o] 2+
Algel &3 guidelines #Hdstal Al o] A= dFHo = 67fdol 184 7HHst= A
o =2 5o} gt} o] Expert Working Group®] HE7lE2 AY Ee AW A o
dosta la O HAEVFES Aok I Eokilnt =4 dY TS qAlFeR: o
obF= AT T Foke HETIEe] FHE olFa Ak 19959 YokohamaolA €¥
ICH32] Safety Symposiume®] ] < AEEd HITY EAYES
(Molecular Biology)®] =44 XRE i#ste, I AFH}EZA B2 Biotech 2FFE9]
7

[‘-{U_l

U

SdE TYd T U= HAES AAENA] Safety Studies for Biotechnological Products

o #3¥ Harmonization Z¥7} WEF 3, 254 &S Male Fertility Studies in
Reproductive Toxicology, 18|31 H2 T4lo] £ A (Carcinogenicity Study)

o] 3t Harmonization, 53] Use of Two Rodent Species &, T+ & A¥ TE&E A&
of #3 Eurlk A LHEAIEI Bt mES F fle AFHAAE Genetic
Toxicityll #3 A7wHolgt st ICH3d A= d&o] F50] H o] Genetic Toxicity
of #3 Standard Battery Test® T=3tal 7|9 1A AFHAN Bysto
Molecular Biology <A77I¥<S 7hvlgt AFHHY U3 O0= Mouse Lymphoma
Thymidine Kinase (TK) Gene Assay°ll ™3 Harmonization 172 3E Dr. Sofuni7} &
#3715 st Th volrt et BEad AFHH O E Transgenic Animal®] AREE @
of ARHI =& & F AUAH Ede] o W 713 S wrig AdFsh] kel
OECDE H %3 o8 54 guidelinedl ] L AZ ] SAHNIHELS ofF Wz, &
H3l7E Jogg R o 53 98 v OECD 7ol weEl OECD Guidelines
for the Testing of Chemicals® @A H4l HEHo| o3t W2 Wiyt 72k A3 o
3, 2A=Adstel XHo) wel, Bk e FUEEA te Holt HIZddle EAES
A 7ol AEE MEE ZAAFERC AEEH ol it ®FE3I} FPEol ICH
(International Conference on Harmonization of Technical Requirements for the

Resistration of Pharmaceuticals for Human Use)9} OECD & TASZ o|Fo|xa §)

N



o AAle 1A kA H7E 71l diSke] International Harmonization®©] ©]5©]
Jou}, ICH = &, JRd AFHOE A FHE oAy A A7<s7|HS

THleka o] #9sttt. ofd wek & A"l = W] counterpart® A
= ot JRdE fJaid HrIHS g™t slel A5 By
ozl tigh 3l A7 Zles A Bttty 535 A2 &
A543 & (Molecular Toxicology)® A7 o] &3 = WA DNA
AAE FE3HA E3%E DNA damageE cell levelollA] 44 JFH oz Aite] 7ts
gt single cell gel electrophoresis, =3t X5 &8sl DNA &S EH5=
AEzY EH5E AAdA 54T 4 3= thymidine kinase gene forward mutation
assayY} Jac I genes target® = JI'HE Stratagene® Big Blue®} Jac Z genes target
S =2 JE Hazelton®] MutaMouse ¢ o] Jac I Y Jac Z F+3AE target geneS =
7NE Transgenic mutagenesis system 59 €82 o2 3EH WA oF ¢

A EFARE ofF &olatA Al ¥ F Ae Wlg IR dFVIHeE FH)
AR5E F4 S 2 International Harmomzatlonﬂ_]_ ARl 7H7ke- Fefol guidelined &
AE 7hsAde] wig- & AT ZIRelt AT Yoyt €9 3 HeE, TS FolA &
a1 AT 4 = supravital in vivo micronucleus assay, Tl Wolrt  in wvitro
cytokinesis blocking micronucleus assay”} 7%= ¢} International Harmonization %3l
Atk ArIHe 2 Sug = Wi FAF &4 ATEA AT AT A=
Transgenic fish®= ¥|= NIEHS®| Dr. BurkhartE® F4HS= 7N AHHH A3, 1830
AR o] FA B} o] 7hs3k FISH (fluorescence in situ hybridization), PCRS ©]-§
gk PRINS (primed in situ hybridization) 5 ¥}, microarray 7]%S ©]-&3 DNA chip 1}
©}7} Protein chip 59 toxicogenomics, pharmacogenomics A7 & &8 Ugts 134
A AT A o7 wheE] gajste] RE Y HUE Ve gy 9 Bl F93)
of steje}t AledEH

A7E, B Aol sRsta it AR G4 W7k NED AnE 28
1,8 AT A AT ARE FACE 2AtIA S, WA HFIBASS

A FgRE 9 FA Q] A guidelined} 3}3HEA S o3t fralld = HZol &
A7 Ha Jde FHETEE, Yoyl Human Genome Project ¢4 Fol i<
microarray 7]%S ©]-&3% functional Genomics®] DNA chip, Protein chip 5ol tg &
Ne TAHLE 2AAQA AF71H0A Byt JAEE Fald B7F 7% e &4k F3te
=4 ARgol WE A SR yolrl IR =7b A Bl o)ukA] &hazt

oo
o



I. Mouse Lymphoma L5178Y k' s (thymidine kinase) Gene
forward mutation Assay (MOLY)
I-1. A&

Mouse lymphoma tk gene assay (MOLY)= mouse lymphoma MXZFE ©]&3t in vitro
mutagenicityE A7k AIFHOEZHR 1 F8&A0] Clivesol 93l 19729 o2 &
MEANL, 25 AEF /g AdEe] B 55 AA URErE Hold fA=gA
FHoz gFEI i, A ICHE FHLE in vitro A 3N S AT F%
toolZA] international Harmonization %31 = AW otk (Clive et al, 1987).

[-2. MOLYS] 71E 4

o] MOLYY] 7122 ¢l €8]+ mouse lymphoma L5178Y £/-3.7.2C cell line< ©] &3}
o, 11 G4A Wol heterozygoteZ FEA|3H= thymidine kinase gene(/K/)e] &
homozygote 2 2] mutation= AL F A= AFAAS Adoh

MOLY®H ¢ ¥2]< thymidine kinase®] % &ol 3t} thymidine kinase= DNA®S] A gt
A AFAZ B8 3 thymidine monophosphate(TMP)E ¥H=7]191¢ thymidine®] A4
slo] #ofdte SAEA AXE WelA TMPE @At #8E Fig 194 EAA= npe}
Zo] de novo synthesis®} salvage pathwaysoll st F 7}x] A= 93] FAHE 4 2

=

ju]

Salvage Pathway De novo Synthesis
Thymidine

ATP dUMP

ADF /

TMP DHF MTX inhibition

N 5Nlofmethylene THF

DNA
Fig. 1. Biosynthetic pathway of thymidine monophosphate

TK : thymidine kinase, TMP : thymidine monophosphate, DHFR : dihydrofolate reductase,
TS : thymidylate synthase, dUMP : deoxyuridine monophosphate, DHF : dihydrofolate,
N°, N"-methylene THF : N°, N'""-methylenetetrahydrofolate, MTX : methotrexate



MOLY¥ de novo synthesisoll ¢8| A Wk TMPS dH4dste] 4ES 4 & 4 mutant
ANEE B3 F pathwayE Ete] TMPES AT 4 e & M EZRH detection
e AFAAS Adoh webd ojd AP E A mutagenicityS H7sl7] 93 BAF
< Al&s7] Aol L5178Y celldll de novo synthesisE A3l 5t =5 methotrexate (MTX)E
AYsFoan Adsddeld s 42 5 Ut /9 homozygotest HET 5
== 3lo] k9] heterozygoteVHS HEF F EAPS AAFTL  L5178Y k7 AEF
o ANFEAS AYFoEZM & homozygotesE EAWHoI7 HEH  ATE
trifluorothymidine (TFT)E HlGHo] Aoz x e s ojxith AxzuoA TFT= &l
gt 7122 ARE-E o] 14Fs}E o] TFT-monophosphate (TFTMP)E A Ad3HAI =1L o] Ab=
< Az AES Welste] AAStES FEIH(Fig. 2). mWeb EAWol7 FEHAR
& t#” heterozygotesES AWESEA £l thymidine kinaseE T F+ fle &k
homozygotest= de novo synthesisol| 93l TMPE 3H/dstw AJE31A E ot

Pyrimidines Nucleotides
Thymidine TK ——— &  Thymidine
Monophosphate

Ty
N e

Trifluorothymidine —— — TK —— » Lethal Nucleotide

Fig. 2. The enzymatic role of thymidine kinase.

I-3. MOLYS] %A

MOLY+ tk genell ] H+= thk genes EZE3I= 11" chromosomeUl ol A EAY 3= 4
< H9Y {74 HEtE 4T F duE AHES AdH F, V1S HoldEN TR
gl o]&Holeusl= HE o} =
frameshift mutation 52| s} &
AL, EFFEAEE o] &3 XA ol ZAIFol A FFEANAM Y large scale®] T3
4, 2 oldwre AT & Advke d ®HEll, MOLY® 7 7HA] 25 & AT + &

- /\]@‘ﬁ% Al BHebd 4 o= ZAeoltd (Gorelick, 1995 Toyokuni
= -

Aol AP Ames test’} point mutation,

P
= Ruis
£ 5719 base AR A fAHMONE ANT F



AAA AA Y deletion, TS thk geneS X FHA AEF SOl YA F=E

k" cellss Q4T &

I-4. MOLY®] &8~
MOLYE fd#wo

_4—|—‘

A

T

o) gdel uwpet L5178Y k" AEe] Al oiH F 74A Fe
T Atk =, tk gene WH9] small scale®] W3} e = B4
|= large colony mutantsE @/d3}A =1L, tk gened 7 AAA 111
9] large scale?] £749 Afode AFdE JFS vAAFO slow growthZ I
small colony mutantsE ¥FA3}Al Hth (Applegate et al, 1990; Moore et al, 1985). &}
A B FElEA gk MOLYS| 3l Z o] tigh mutant types Aol ot 37

fFalEHd o] 3= mutationd] 543& o= 4 A} (Fig. 3.).

o] mutant types =

Aol AAS Ho

A B
tk tiki  TFT Resistant
(Normal Growth)
Intragenic G G
mutatio:
A B A B
) . Multi-locus ) l .
tk locus tk tk deletion tk itk TFT resistant
—> :
(tk") i (Slow Growth)
G G G i G
TET A B
Sensitive O\
Recombiant
tk tiki  TFT Resistant
(Normal or Slow
G G Growth)

Fig. 3. Genetic mutations in thymidine kinase gene and 11 chromosome, and growth
patterns of L5178Y #k */~ cells.

MOLY+= #Ae) soft agar Bl Aol A mutant cell®] clone®+ W' (agar assay)©] ©]-&

Hojgko ), Cole(1986) Tl &3l 96-microwellS ©]-&3F cloning ™ (microtiter assay)©]

N o] (Clements, 1990) 3 ol|= microtiter assay W ol we} =33} St}



MOLYY Z#A 2+ UKEMS (United Kingdom Environmental Mutagen Society)ol 4]
Guideline (Robinson et al, 1990)& A A5kl =], microtiter assay®l $1o1* UKEMS
Guidelines vlE&Co =2 3 FA A software package’} @] Hazleton AbollA 7iEH
Mutant V2340 2 AlF&o] fF&31A o] &5 o] dow SAFA=HE] A 3 F

Aol F8&8tA Asds ledzt AHRETh

II. Single cell gel electrophoresis assay (comet assay)

I-1. A&

Aol glol oj| gstEAd o] L2 & A& HIsA At FFs) st AL ¢
HEZ0) digh 1zte] AESHH wgy gstEA 54 olsst=t 8% dojgt &
& Atk 53] "R o A Yoy SH4EHELS 5F7|He] FE3] wEel 247
o] NZFFEAA DNA £45 242 & & Ae 71E€S MEste AL a3 FAo3l
I AF7A o] Ao o& FEEE DNA E45S X807 93 =gozxn B

flo
re
-

WSl A S

SCGE(single cell gel electrophoresis) assay, 9% comet assayt #|+ Ostling and
Johanson(1984)°ll 9|8 Z}7+e] A EFFol A8 DNAERS AR 817] fstd =9
H microgel electrophoresis®}™ 2= N.P. Singh(1988)°l ¢J3] Xt} ®173tA damages
A Sd Qe WHeE HAET o9 o] ME leveldl A2l DNA damages
=4 & 4 U= single cell gel electrophoresis(Singh, N.P., 1988)= ®'™HZ <1 WHeol 3lo]

A s Fog O EAAEE A B 5 Ao AlEA FH B3 assays A4
= ™

2
= g8 2ola dom HTd= OECD guideline® 2 EY3}7] 938 International
workshop 7N H= &8 HE7F=°] 744 <] Harmonizations X3 Fof 3Th
II-2. SCGE assay & ¥d

A3 3 Qhol EAJst= DNAT supercoiled¥] o] tightstAl 2o dth. o 7]¢] high salt
2 lysis 34 AW daudo] wAurtA wHo] 3 s AYHA o] DNAS
X %3+ nucleoid”7t Bt} oW &2 supercoiled”t 2+3}E open loop FEE°| YH ]
higher order 7+%5 ©|Fi A o} o|w nucleoid Well strand breakage’} U= 7
¥ alkalidef ol Al DNA @71%8°] Z2¥W4 DNA 7h=to] M& Z2 5 o] moleculed]
FZ Eo] MR FYA HUA FER7F ¥ E o] supercoiling FE|7F &3tEHA A7}



© 2 DNA®S X7} relax¥ il 550] QFE =EHo| HA7|FEA 5 FHoZ o|FH
of T2 HE FAHE taile] FENE BYSZH gel electrophoresisell ofal HA 7
AE 4 Ath(Mckelvey-Martin VJ. et al, 1993). Z3lE 4 AEE 92 F3& e

[e]
head ## 3 tail24 YEIUA Hi &S wbx] 2 AlEs ¢dsk JE|2 head

U= I
kS HolA "ol A EAd 93 SAAEE taild FF AT = DNAYY #Ho] Q)
o B4 A EZY AxY FFH wt AFA taile] Zol7t AE 29 vt 5

74gell whe} S7kE = Aeo] ofya JdAAo7EA IFHE 1 o) JAFHA 7]
o tailol EAsh= DNA F& S4sh= Ao 3|8 &4< S4sh= de 2o A3

WRielgtar & & AAY ool we} tiRE AdPAdodM= data £4 Al computer

i
M
1%
p‘h
£
R
=
N
N
olr
rok
Q.
QO

=
il
X
3]
=
o
O
Z
>
(@)

o

=]

T
=1
i
B
%
pL

software°l| 4] image
+ parameterZ tail momentE TE AF&3}3l 9O H tail lengthe} ¥ 7|8kl Ut
I1-3. SCGE assay9 33

SCGE+ Nucleoid sedimentation(Cook, P.R. and 1. A. Brazell, 1976)% halo assay
(Rotti J. L. and W. D. wright, 1987) %2 ©& WHES #83to] alkalined & =
o] Fo2M TY 7lg DNAEAS Ho BEs

_H
2

Eo] FAX AAZ nucleoid
sedimentation ©]i} alkaline elutionWhg W73 WH O 2 449] strand breakageES
gl = F e Aoz #HrhEa u olAZA dTrE viE= pHYE 4% Bf=
double strand breakageE, alkali?dl 7-%-T single strand breakage ¢ A4S A &
F A=l B2 EZE] 5200081 % double strand breakageX U= single strand
breakageE '&3l7] Wl DNAEAGS A=t alkali o 3-97F B vz W
olgl= Bz} o} (Singh, N.P. et al,1988) A d 2o w} -3 WS A s}
of gttt AFAA L data EA7HA] shFol €9 F o] e, E4S dLAEFE
ANA o] 7hsstEE AL sampled] YOoEE HF o] JhedtH FFAAe] o) =
o= AY F0 & F Avk= oAy FHol Atk

O-4. SCGE¢] °]&3 #8754

Comet assayw WFE A|ZF o] 2tASHA MESFFAA dataE BS 5 o] DNAE

>

BE 28+ = =2 el subpopulationo] A Aoy WIZEE S5 &
A, HL Fo ATA A5 DNASAS 7R eted 978te] 10°dalton &

0.1 DNA breakageE ## & & v ¢ F&3 ZFHS 7R Atk Cell cycle
o=

positiono] FFS WA L= Ao o] asynchronous® W ¢E Az HE715F

_10_



52

Stal A EF7] stageZt FLE 27 {1 primary Al EME HE7Hsst AHlE 9
ME tE short term testo] 87 H= ARG EX Aodes A4S AY H=2 2 9L
comet assayE 3 DNAG3E & =&E0] A8 Al=S FAHSE FA8A S7H
i1 ) tH(Fairbairn D. W. et al., 1995).

ol¢} o] & SCGE assay= -3l A&8HA thddt A8ES 7FAaL =HlE DNA
& AFE cell leveldlX A & 4 o] w9 F&3 d7 e A wds &
Aolal @A in vivo comet assay’} EE] A|EEFo] WHEEFI U0, in vivo DNA damage

Z4o% 99 A1gd Aoz Amgh

II. in vivo Acridine Orange Supravital Staining Micronucleus Assay

with Mouse Peripheral Reticulocytes

m-1. A &
ERHEEQY  mouseE  ©]&F  AHAFY =F o} <34 2 & 4 (polychromatic
erythrocytes, PCE)E ©]&-3t 43 A] & (micronucleus assay)®] 1975 Schmidel] <J3) 7l

o] 29 olF, setE AT WoldAS WAE m vivo NBWOR AAAHC
2 geEo] o7 Yo
M2 £8A8e] g

cANEe AAFY BB Fo FAUE WFHA AAHHERD

o}
B>
&

3

2
(micronuclei)®] & A|EZ3}= cytogenetic AFHEZA 43 (micronuclei), Fig.
14 B 5 %0l §99 HYT LAEZVE FAAGETE rgeto 2 o] 27
< T3 098 AEFY SHRNEZA WHoldAdS BB AT. 2y AA 33 A

73 sholMel Giemsa FAlo] % Ade]l M, BHAE AT We) WAYE, =
=

ru

iul

_

Aol ol EFAE A B2EAS o] & AFRe] 1980 MacGregor

o A9 #7F A4 AFR 71EY Giemsa GHAHOZE
A e ol E e AREHA XeAo. a8y
< Hayashis(1990)c &J3] T3 A o] /42 E T (reticulocyte) & targetO = 3}

LA
%)
“

o

acridine orangeZ ¥ FFM = A A| A2 (Supravital Staining Method)©] A7) = a1

_11_



ol Alg@Hge MEE V&Y ZFH GAEHE T Giemsa AME T AP0l A
Ha e o 7HA EAdS B F, Al A 22 daA Rz A 8

Hol APH AFL Bakol YU

m1cronucleus

MN- inducing agent
nucleus
Stem Cell

! O Bone Marrow
- | polychromatic normochromatic
Q er thpocytes Q erythrocytes

—i’ ’QQ@E’@ O
v @ OQ@Q o QO@

Peripheral Blood @

micronucleated
ticulocyte g @ @
Sig ©

Fig. 4. Micronucleus formation in erythropoiesis

W}

B2 PANATE PG v UTEA ALBAC) B AEH RNA
ghaFell of&) Fig. 5041} o] acridine orange 333 @Al Type [, 11, III, IV 47}

FHZ 722 & At ol E£3AAAN o] 2AFHUAY] wel FEAHA HL2 A

_12_



Type 11 Type 11T Type IV Mature
Reticulocyte erythrocyte

Fig. 5. The types of reticulocyte in erythropoiesis

2P AS o] &3t supravital stainingol] &3+ LA H-2 Type I, 11, 1] FAFHIFE
AgstH, olg F AHS Tt B2 € (micronucleated reticulocyte)®] WEE 7l

G5t Cochran Armitage®{oll 23t FAALUE Folde H7ISh
m4. 23AAH9 ZH
71EY =5 98- EFE 538 Giemsa EMHY TAAELS AWHd, RNA
H, A2 92 P4E A5 Fol AT} FASA @GAo] Hol FEo] oHu=
AT #FAvn FHAQ zpol7t ke Aot B3 dAF =Y HEIEREH IFE
A7) Hal FES Tasortt dvke A, = olE Q) FLZF JHA el MY AIRE
o W& AA 23 FEAIZFY] Ao Erbsditts Ao
gy, ExE Y] BFAHE A9 acridine orange FFF A Aloddl=, &3} artifacts
o] #Ho] EH3itte & FHS Add. DNA A#< &L acridine orange?} 233}

™ 520nm 9] FE=Ao] FFg walal, RNAS AFSHA =W 590nme] A3

WA ET. 3 Giemsa @A &dMI FARSHA Al = ATy
mucopolysaccharides &2 A4 @5 LA FozH Ldate] 2ol & Wil

= EHste Aol A
xRS o] &g A AAMHY & & FFHOZAE cell population©] A3}l
TR Aol FEo]l Ha w=v, T3 dPsES =U%HA fa €95 wEHo=w

=

- = -1
A 4 Q7] GEol, UYL e A Bur 5L AA Ui HF xd

m-5. AAHH E87154
ZAA AL HIYFES Zo|A Y 4o JAwkS "o 7 7] Wi g2
A

S48l eheliAl Be) A¥W FAse] T 5 Arke FHLS Adh 5 @A



gt transgenic mouseE ©]&% =4 FHVA Ao} B AIAIF WeYo] JhEdithe

Aoltt. olx4d 71&9 S5 dAAE T2 Giemsa fAol o3 AP GHE

International Harmonization©] ©]Fo]X|a It}

IV. Cytokinesis-block method for the analysis of micronuclei

1. A&

In vitro mutagen/carcinogen-screening A @WH-S 2 FYE o] Qlo] dbFo=w L&
3 A¥s 4= F Utk

STES AHET AT Blaste] Ho &2 7|3to] A8 HE old AldHES HluH
A& ARs Awsiy ZAHez Agsivdar & F U g2 7Ikte] 28 FHE in
vitro mammalian cytogenetic assayE 7}&-t], @A 0] A|@Ho] da o] &= ojx1
A TH(Preston et al., 1981; Thompson, 1986; Ishidate et al., 1988). < ¥ Azl G|
oS FAStE EfrsE AE wiFdM AMEE AIE 7S St EHAT7] AT
=83 t}. °]E % Mutagens®} carcinogensol|l 9]3l of7|=oj2= FMA| o]

3N

g J1ee g
9487 9% in vio 23 ABYE oA F3 Fo shtolth x

o
BEA o) of7|H= AAA ¢ spindle dysfuctiond] BH7HE $g 2143813, A
=
=

Mutagenic carcinogens®] 23 @A o]FS FHAst7] Ag &
bone marrow assayollA FHLSA EHEHIL AFEHIA St} (Heddle et al, 1983;
9 A AHEH=

)
Lo
Jo
ki
¢
5
S
S

Ashby, 1986). In wvivo bone marrow micronucleus assay<] =
agent £ tAMHEC] 3 bone marrowol] EEdE AL old 4 Utk (Heddle et
al., 1983). MldE AEXE AMEste AP AE7F AFRERY APHoz ¢ n=24 =
2571 W&o oHd FAss AT F At a2y 2<E IV e AE
(interphase cell)*| A<= in vitro mammalian micronucleus assay s °©]&3st= A7+ A=
M= M2 ¢l (Heddle et al., 1983; Lasne et al., 1984; Dunn et al.,, 1987). Fenech
and Morley (1985)= in wvitro &% APHPOEHA  human lymphocytedi] A
cytokinesis-block WS &y A .

3. 99
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ofo
ol

2

!
cytokinesis& block oA UFolzl o FIE A¥Ested 7|2E Fia Uth

183 439
AL 123 B Fdo] HFo = binucleated cellEZ2FE 21T 4= Qlth(Wakata
and Sasaki, 1987). @A|7}A] V79 Chinese hamster lung cell lineS ©] &3k A|@Ho] &
Aol gdof o] cell lineS HIYEo=ZH EWI locus mutation, sister-chromatid

exchange 12]31 chromosomal aberration®] 40712 g2 ALgEo4z|a 9l

o] WL actin® polymerization®| A Z-&3t= cytochalasin B (CYB)E ©]

Cytochalasin BE 1 AA17} G44A] o] 3S st ghow, o] &2

o

(Bradley et al., 1981, Hsie and Schenley, 1983; Kaina, 1985; Lake et al., 1982; Latt et

al,, 1981; Lasne et al., 1984; Nishi et al, 1984). V79 Chinese hamster cell line®|A] in

vitro 23] Al@® o] ti$ cytokinesis-block method?] &H-2 Y3t cell linedlA #4

HojA = e 33 HEAE (genetic endpoint) 55 Bl Ho =S = 3o
LS

w, G| o] spmdle dysfunc’aong o7l Eds Al
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Chemical treatment Binucleates Daughter cells

l

A
— —

al

—>

Micronucleus
: \
— — —

Cytokinesis—-block '

OJOKCRICY

Fig 1. Schematic diagram illustrating the origin of
micronuclei from acentric fragment and laggin Wwhole
chromosome in a dividing cell (A) and the origin of
nucleoplasmic bridges from dicentric bridges in a
binucleated cell (B).
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cytological end-point scored ] ‘ genotoxicity end-point scored ]

1) chromosome greakge/loss
l[: 2) excision-repaired lesions in
ARA-C -treated cultures

(1) MN in BN cells

1) aneuploidy due to chromosome loss
>
2) aneuploidy due to unequal distribution
of chromosomes in BN cells

(2) distribution of chromosome-specific
centromeric probes in BN cells

@ |:> dicentric bridges?

(3) nucleoplasmic bridges in BN cells
@ @ [l: 1) mitogenic responser or cytostatic effect
@ 2) HPRT variants identified as

multinucleated cells in cultures
with 6-TG

(4) ratios of mononucleate binucleate and

multinucleated cells

Fig 2. A schematic diagram illustrating the wvarious end-points

that can be scored using the cytokinesis-block technique.



4. 43 Wy

V79 cell line seeding for 24 hrs

7

Chemical # &

V.

Treatment of chemicals
& cytochalasin B (3 ug/ml) for 22 hrs

+59
Treatment of chemicals & S9 mixture for 2
hrs
Washing with PBS

Incubation for 20 hrs

v

Harvesting, slide preparation

v

Staining

10% gimesa stain solution for 7 mins

v

Counting of micronucleated binucleate cells

Classified into 1, 2, and greater than 2 micronucleated binucleate cells
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Fig. 3. Normal binucleate cells

Fig. 4. Micronucleated binucleate cells
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V. Transgenic Mutagenesis Assay

V1. A &

Transgenic animal model At419] genomeWjol] &JF FHAAE FAAA A WA
o] EAWoOIE AT & A=EF AFHYS™ A mutation assay systemOZ 7}
@o] o] &5 & AL Big Blue™ mouse (Stratagene) ¢+ Mutamouse (Hazleton) ©]
t}. °]E mouse model> #A|3}7] HEstal 431 7] o] Jac I gened} Jac Z genes
target® 2 3}l lambda shuttle vectorE 7FAIAL loiA A )l o8 ZAANMY in
vivo mutationE3 S 7F53tA AT 7 compound®] target geneo] A& mutational
spectrume B F=d & 93 st Atk o] A target genedll A4 mutationdl] w}
£ reporter gene @7} sequence analysisE 7}s3HAl 3l F+ transgenic mutagenesis
assay= M| #Adl= Ao2 AARAE EF geneo WIS} in wviverl A9 &&=
E & mutation, cancer'® A mechanism< ©]3e & JAEZ = 71F JIHFH AP}
7IRs styet & 5 3l
V-2 4 g
a. Transgenic animal & cell line®] A%}

Transgenic animal-> Z}41¢] genome®] 2|5 DNA fragment(transgenic vector)E 2t

i 9o Big Blue mouse= lambda//ac/ shuttle vectorE microinjection® =

integrationA] 7]= 7]&°l 23| StratageneAloll Al 7= ATt Cell lined A= A

g2 gtk @A J/IE transgenic cell lineS 2+ Big Blue cell line(Stratagene)©]

Ao o] cell line?l= Big Blue moused] A4H A} FLI vector7t E3FH | 3

ot E3 pSV2Neo plasmidE lambda shuttle vector®} 374  calcium phosphate

cotransfection®™ &2  cotransfectA| A AZEov= Az wigE A FAAA

G418(geneticin)= ©]-&3t] selectd+ ST}

b. lambda shuttle vector & Jac I gene

lambda / Jacl shuttle vector(ALIZ)+= sizeZ7} ©F 45.5kbo]l™ cos siteZ7} U+ YFY
cosmido|t}. 7} shuttle vectorv= mutagenesis®] targeto = Z+-&-3l= Jacdl genes 71A|

3 Aok Jacl gene(¢F 1080bp)> Lac repressor proteins codingdh genel Z A, 3

-galactosidases codingdt= Jac Z gene® transcriptions JA|st= A &S srh. o}

A Jacl gene®ll mutation®] YU, B-galactosidase”} T &= o] X-gal &4 A| blue

dyeE ¥AstAl ®Eoh. transgenic Big Blue mutaion assayst ©|&|¢t Jac I gene¥} Jac

Z gene®| 54 H¥E Fi Aot

c. Assay & Detection system

AFEZS A8 HAZE FlA moused| FH3tal ATty 2O ZHEH DNAE
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w2l gtt}. Cell line®] 7%+ compound*#] ¥ cell& harvestste] DNAE E&l 3ttt
2 gt genomic DNA®] shuttle vectorell U= cos siteE Q1A|3te] o] E9E 4
31 packagingX] 7] = transpack extractE 3 7}8HH infectious phage particle] %%
=

lambda headZ package® phage™ a-complementation®+= host E. coli*l| infection
Al71aL X-gale] Z3F4E indicator agart] Ao platingdtd G A g & mutantE
detect® < UA ot

Mutant frequency+ mutant?] blue plaque$} nonmutant$! colorless plaque® F 3
9} blue plaque 9] Hl&=Z YeRdT
V-3 % ¥
a. Test compound*] €]

Animal

Test compound®] #HF HeA=, A5, FolFs 2AHsr & Yoz ATy
o e 27, =EH4Zd AT target tissueE AEEtA, Wdh=

=
proliferation rate®} compound®] cytotoxicityE 1123} expression timeS 27§+t

rir

Big Blue rat cell line

10% fetal calf serum¥} 200xg/ml geneticin, 50units/ml penicillin, 50ug/ml
streptomycin®| 37} DMEMHIAE AF8-31al 37C, 5% COY %7319 incubatorol
A w 3-4dvith Aljel ettt AR HE AAH test compounde] FEE AR &
celle] 30-40% confluencyE YWEIWH= f A2 dtt. x2]7F & PBSE washingd}al cell
o] confluentd}Al A& w744 culturegt}.

b. Genomic DNA isolation

AZFE B 3 Yl 23S EY3te DNAE 83t cell line?l A$E cell
scrapingd}®] harvest 3+ & DNA isolations G383t} (-70TColA €A77 BE 7hs
3o

Genomic DNA isolation proteinase K digestion, phenol/chloroform extraction,
ethanol precipitations zt#]| = st} Fget. 7S LA A= oA 74A W
o} kitAbES F3l #21d 4 Uth
c. in vitro packaging & plating

23k DNAE AHFd F HAFEY DNAE  transpack  packaging

Animal®] 739 test compound®] #2] ¥ DNA replication®] dojd & Y= FE3H
el
=

extract(Stratagene)®} &7  incubation(30C)3}o]  shuttle vectorE recovery$tt.

I
Packaging©. = <l #FAJHE  infectious phage stocks SCS-8 E cofi host celld
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infectionA] 7] i1 chromogenic substrate X-gal®] 2% top agarg cell-phage®} &§ 3}
o] bottom agar(25x25 cm’assay tray)platec]] St}

Top agar’} =A™ plateE S5 o] 37C incubator® A incubation*] 71T

oF 8A]zto] AUWH plaque’t WEY7] AlZEHH, 16~24h Wl plaquesS Al o]
mutatnt frequencyE 474 o}

d. Lambda plaqued] &

Plateo| A blue plaqueE pickingdt ¥ plaqued] TGS EEE 93 replatingS A

Skiass

Picking¥t plaqueE SM buffer(chloroform®3H)Z @EA|Z]l & 35143} host celld
infectionA] 7] 3L plating?+t}. g+ plateo] #74 49| plaque’t A HES sFa QAFH-<
of & plaquese°] flv & F2¥ mutant plaque® top agarf-ERHS 8 3lWTh
TE bufferoll 2] plaqueE F7F3stal boilingdle] phage DNA7} &5 =5 3o
e. Mutant plaque®] DNA sequence analysis

A H = Jac I genedl WE primere} Z E& phage DNAE templateZ 3}
PCR(polymerase chain reaction)& AA|$tth. PCRF3 F productdFE 71953t

3ol AtE HA=A FR1g & DNAE purifydt ALY, phageZFH A Jac 1 genes
excision, 23} sequencing$ttt. FHISE DNAE sequence analysis$tth. FHLol=
automated fluorescent DNA sequencers R %02 o]8-3ir}.

IV-4. Transgenic mutagenesis assay system®] F3 3 &

Transgenic animal transgene®] EA7} AEH R AA IS FA FoE=R
nontransgenic mouse$} A9l FY3g ¥HE-S YEhATh wetA ofH compound”t =S}
+ target gene® mutationdTE F3l endogenous genedlAY TS ¢ F St
Chemical®] & 50]A43S &obd 4 glom & 2] 7}A endpointe} HEo] H7t
T AHHE in vivod A W o] 7hs). S germ cellS AHEE 79 heritable effect
E ST § A3, safety testingol] 83 FEY F£E Folv YU/} HEZ vEH7}
o[ 7|3t} Jac I genes target®Z S+ ¢ detection®] ©S 4 il(background
whiteF oA blueE detect) TFE target geneoll HISI Z7|7F fom=z FAlo] §o|gh
Aol Yok, ESE direct acting mutagen® 79+ animalg ©|&3A RH=
transgenic cell lineS A}F8-3}4 mutational spectrum< T H3l= Ao 7bE3ich o
system-2 chemical®] effectE mutational spectrum©. 2 B3 & QOB Z  chemical
carcinogenesis®ll 3= 54 geneo] 99| o3& 7lestAl T

FAROE FHQ0 FI7HMFE)9F @2 <1 ¥ 7Hmutational spectrum)”} &A] o W2 A o]
Fod F e HolA =A HrbEs o] WL mutagenesis?d T ¥ ol gt DNA
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repair, in vivo carcinogenecity7 5 T3 5482 AT &8&F F

AE53Ad7HHZ o] Transgenic systems ® 83t Battery tests 3t 3]

a slel, AAl in vivo B3 A@AE BlIE, 7 5 55T F A= 78T toolE
=z

A wEAZ O] HA Bt AR e Qo Aelstee M.
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[WWF List of Known & Suspected Hormone Disruptors]
Pollutants with Widespread Distribution Reported to have Reprouctive and
Endocrine-Disrupting Effects

Persistent Organohalogens Dioxins/furans Octachlorostyrene
PCBs Hexachlorobenzene
PBBs pentachlorophenol
Pesticides
2,4,5-T DBCP h-epoxide oxychlordane
24-D DDT kelthane permethrin
alachlor DDT metabolites kepone synthetic pyrethroids
aldicarb dicofol malathion toxaphene
amitrole dieldrin mancozeb transnonachlor
atrazine endosulfan maneb tributyltin oxide
benomyl esfenvalerate methomy]l trifluralin
beta-HCH ethylparathion methoxychlor vinclozolin
carbaryl fenvalerate metribuzin zineb
chlordane lindane mirex ziram
cypermethrin heptachlor nitrofen

Penta-to Nonyl-Phenols
Bisphenol A

Phthalates

Diethylhexyl phthalate (DEHP) Di-hexyl phthalate (DHP)
butyl benzyl phthalate (BBP) Di-propyl phthalate (DprP)
Di-n-butyl phthalate (DBP) Dicyclohexyl phthalate (DCHP)
Di-n-pentyl phthalate (DPP) Diethyl phthalate (DEP)

Styrene dimers and trimers
Benzo(a)pyrene
Pollutants with Widespread Distribution Reported to Bind to Hormone
Receptors and therefore Suspected to have Reproductive and Endocrine-disrupting
Effects
2,4-dichlorophenol Diethylhexyl adipate

Benzophenone N-butyl benzene
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[ILLINOIS EPA ENDOCRINE DISRUPTORS STRATEGY]

Preliminary List of Chemicals Associated with Endocrine System Effects in Animals

and Humans (*) or In Vitro (+)

Known Probable Suspect

Atrazine Alachlor Aldicarb

Chlordanes Aldrin Butyl Benzyl Phthalate
Chlordecone (Kepone) (¥) Amitrole (Aminotriazole) tert-Butylhydroxyanisole (+)
DDD Benomyl p-sec-Butylphenol (+)

DDE Bisphenol A(+) p-tert-Butylphenol (+)
DDT Cadmium (¥) Carbaryl

1,2-Dibromo-3 2,4-D Cypermethrin
Chloropropane (*) Di(2-Ethylhexyl)Phthalate 2,4-Dichlropheno (+)
Dicofol (Kelthane) Endrin Dicyclohexyl Phthalate
Dieldrin Heptachlor Di(2-Ethylhexyl)Adipate (+)
Diethylstilbestrol (DES)(*) Hepatchlor Epoxide Di-n-butyl Pthalate (+)
Dioxins (2,3,7,8-) Hexachlorobenzene Di-n-hexyl Phthalate

Endosulfans p-Hexachlorocyclohexane Di-n-pentyl Phthalate
Furans (2,3,7,8-) Lead (*) Di-n-propyl Phthalate
Lindane Mancozeb Esfenvalerate
Methoxychlor Maneb Fenvalerate
p-Nonylphenol Mercury (*) Malathion
PCBs Methyl Parathion Methomyl
Toxaphene Metiram Metribuzin
Tributyl Tin Mirex Nitrofen
p-Octylphenol Octachlorostryene
Parathion PAHS
Pentachloro phenol p-iso-Pentylphenol (+)
Polybrominated Biphenylsp-tert-Pentylphenol (+)
(PBBs) Permethrin
Styrene (*, +) Update Ziram
2,45-T
Trifluralin
Vinclozolin
Zineb
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Plasticizer

butylbenzyl phthalate (BBP)
di-nbutyl phthalate(DBP)
dicyclohexyl phthalate (DCHP)
diethyl phthalate (DEP)
di(2-ethylhexyl) phthalate(DEHP)

diethylhexyl adipate(DEHA)
dihexyl phthalate (DHP)
di-n-pentyl phthalate(DPP)
dipropyl phthalate(DprP)

Pesticides

alachlor (Lasso) (AlZAl)

aldicarb (&%)

aldrin (&ZA|, AT A)

amitrole (% ZA)

atrazine, aminotriazol (A ZA)
azadirachtin (&% Al)

benomyl (& A)

carbendazim (2 Al)

cabaryl (A, &5 A)
chlorodanes (% Al)

chlodecon (A5A])
chlorpropham (%] ZA])
clofentezine (AZA])

cyanazine (A ZA)

cypermethrin (%] ZA])

24-D (AIZA)

DDE (2%5A)

DDD (&% Al)

DDT (AH5A)
1,2-dibromo-3-chloropropane (A% A)
dichlorovos (&% A, A Al)
dicofol(kelthane) (&5 A, 2 A)
dieldrin (&5, At Al)
diflubenzuron (%% Al)
endosulfan (%% #)

endrin (&% A)

esfenvalerate (2% A))

ethylene dibromide (% A))
ethylenebisdithiocarbamate (2 A)
(mancozeb, maneb, metiram, zineb)
ethylene thiourea(ETU) (A A)
fenoxycarb (&ZAl)

fenvalerate (%3Al)
fluazifop-butyl (AZA)
heptachlor (2% A])

heptachlor epoxide (%%Al)

hexaconazole (2 Al)
beta-hexachlorocyclohexane (%t A])
ioxynil (#Z=A])

iprodione (&t Al)

kepone, chlorodecon

lindane (3 Al)

linuron (A ZA])

malathion (2541, 2 A)
methomyl (&%A)

methoxychlor (&%Al, A A)
methyl parathion (2% #l)
metribuzin (% ZA)

mirex (&5 A, A Al)

molinate (A ZA])

nitrofen (A2 A))

oryzalin (A ZA))

oxychlordane (&%, & A)
oxydemeton-methyl (3% A])
parathion(ethyl phrathion) (3% #l)
pendimethalin (] 2 A))
pentachloronitrobenzene(PCNB) (&t A))
pentachlorophenol (2t Al)
permethrin (335A)

phenylphenol (& A)
procymidone (2fA])

pronamide (] ZA)

pyrimidine carbionol family (35 A])
simazine (%)

toxaphene, camphechlor (2F#])
hexachlorobenzene (% #l)
trans-nonachlor (2% A))

tributyltin compound (4 Al)
trfluralin (A 2 A)
vinclozoline(dicarboximides) (&t A)
ziram (AT A)
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Chemical Substances in Plastics

alkylphenol ethoxylates
nonylphenol ethoxylates
octylphenol ethoxylates
bisphenol A

alkylphenol

2-octylphenol
4-nonylphenol
4-octylphenol
p-octylphenol, octylphenol

4-propylphenol
4-sec-butylphenol
4-n-butylphenol
2-t-butylphenol
3-t-butylphenol
4-t-pentylphenol
4-t-octylphenol

styrene dimers and trimers

Chemical Substances in Industry and Environmental Pollutnas

alkyphenol ethoxylates
PCBs/aloclor
benzophenone
benzo(a)pryene
6-bromonaphtol-2
chlorobenzenes
chlorphenate
dibromoacetic acid

2 4-dichloropehnol
4,4’-dihydroxybiphenyl
4-dodecylphenol
hexadhlorobenzene
tributyltin compound

para-nitrotoluene
nonylphenol
octachlorstyrene
tributyltin compound
para-nitrotoluene
nonylphenol
octachlorostyrene
PBB
pentachlorophenol
TCDF, PCDF, furan
TCDD, PCDD, dioxin
tributyltin oxide

Heavy Metals

cadmium mercury

lead

Synthetic Estrogen

centchroman hexestrol

estradiol 2-hydroxyestradiol
ethynylestradiol tamoxifen
DES(diethylstylbestrol) raloxifene
Foodstuff and Food Additives

BHA (butylated hydroxyanisole) enterolactone

equol

Hormon-mimicking Substances Naturally Present in Platns

Phytoestrogens
coumestrol
formonoetin

daidzein
biocheanin A
genistein
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se|uzte] E2a|AZ FHEE S5 L ALSAE - 1
¥ S (4138), MAESEIEER (178), FMME == tAE (98)
o - - M= |5 A
= g8 & o ™M u S () =) | (=)
32 nitrofen H| Z=H| 7ol (R=S2), s2H(SX '81)
33 toxaphene AL H| woll(FX '91), SAU(FAl '82)
34 trifluralin SE] ol (Rl 2h), S2HSH)
35 vinclozolin Abrt | SAUH(SH 2 2
36 zineb AT Z2HFAl '90)
37 ziram ATH| 7l (m==)
38 Octachlorostyrene d o':'q_.?_'/ij,ljt.o r&e]
39 DDT metabolites DDTS| CHAtE
40 heptachlor epoxide heptachlor2| CHAlL=
41 oxychlordane E22cCte| thAlE
: A,
42|  SIAIZZ =8 (HCB) oosMs 2 Mz A gle =2
43 ofolE g HEH an ™ sotz e ots 23)
44 olEz}zl H| Z=H HZE LA gle =2
45 kepone MEH M= Al gle =2
46 synthetic pyrethroids AMEH HM=.FedAH gle 22
47 methoxychlor AMEH HMzEFedAH gle 22
48 mirex MEH Mz A gle =2
49 permethrin AEH SeHH=.FUAE gle 27)
50 trans-nonachlor MEH HzEsedAH gle 22
nonyl- 5,728 | 4,972
51 Penta-to-Nonyl-Phenols HHEMK R octyl- 35
tert-octyl 6
52 Bisphenol A HEEXAE 28,885(33,479|61287
53 |di-ethylhexylphthalate (DEHP)| Z2tAEJtAK| 171617 92986
54|  di-hexylphthalate (DHP) E2tAE TR
55| butylbenzylphthalate (BBP) | Z2tAEIT}AH| 1,749 [1,832
56| di-propylphthalate (DprP) E2AETIAA
57| di-n-butylphthalate (DBP) EERIAETtAH| 2,300 | 91 |4,495
58|dicyclohexylphthalate (DCHP)| Z2fAEJAK| 1 1
59| di-n-pentylphthalate (DPP) E2tAE TR
60| di-ethylphthalate (DEP) E2tAE TR
61 styrene dimers = 'E“Ii,'o' Polystyene| 2,941 | 490 |18879
62 styrene trimers olHE =
63 benzo(a)pyrene He|=EMMME
64 2,4-dichlorophenol 27|
65 Diethylhexyladipate = ES =P | 3,724 1,372
olrEEHUE
66 Venxophenone FESTIE
67 N-butylbenzene %_;%iljg:é
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W) AAH vFay

el gejzael grrol FstEded BAZ o5 AF EE AL, 4
S iAel WAL 9ge 2ulr AAE Beanz Jee &tk 9w #
ANAE & 4 5ol 2HREL YAshE JGAE JUF B4 gu 1 Y3
of BAeha gle Agolth WEWA gAEdz A4 delW BAS oldolE B
o ol sigtzase] YRHA BN 0T F AE FsAo] AH] gome
olslpe AAH wFanE melste] oz Rl AF, 44 F RE WA
Fo Ze AT we A7} o] FolAo} el AT
53 %713

ol&3std A # BAH da

o
= =
ARGE Fad =059 Biztsjast MR

E-screen assay

1. A&

3140 &A= environmental chemicalE o] AA NS WHERV] Ao ZHE5te] A
E Aol Al breast cancer, testicular cancer ¥ reproductive systemol] TAIE YO A
Ak o] AR A7EA] g EAE oF7] A171aL ATk ©]¢F 2 environmental
chemical& W23 7FHSIA screening 3 =2 9] estrogenicityE BHé] 1A} dh=
=go] Al&E ok Estrogen adult female®] genital track, mammary gland
oF e A7 W Fd3td menstrual cycle, pregnancy, lactation?} #-2
A2 750 T8 AE LS Uehdg. HAEZSFFoA A= cell proliferationd}
female secondary sex organ®] hypertrophyE ZXIAI71H cell type-specific
protein®] AdH ERIE FEAITGL BAHAG (1). ©]

estrogen receptor®}9] HHE-S FallA YojiH estrogen receptore= 7]Eo EH I

gt estrogenic effect=

AHAQD receptorQl estrogen receptor alpha (ERa) ©]€o 19961d estrogen

receptor beta (ERB)E LA ATt (2-3). E-screen assay™ environmental chemical
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9] estrogenicityE in vitro WHOZ HIlst= WHOZ A Sotos ol JNEIIHLoH
chemical®] MCEF-7 cell (Bus cell)®] H|X]+= cell proliferative effectE parameter=
3t chemical®] estrogenicityE H7}she WO Z A estrogen-induced  gene
expression®l| 7]%3t assay WHol™ cloned MCF-7 Bus cell & AF8-3te] A3 st
4-7). A4 FEdfidl MCF-7  cell2 estrogen receptors 7FAil glom
estrogen-like chemical 7ol &l Az F2o] ZFZXET= AMAo] &4HA Yo
Pedraza®] ®ilo| 93t ofg] MCF-7 MX & 714 91348 Bl AXZE Sotos
©] cloning¥ MCF-7 Bus cells ©]21T+ (8). E-screen assay®ll ©]&lA alkylphenolt,
antioxidants, polychlorinated biphenyl, pesticides, bisphenol-A, plasticizers ©]
MCF-cell proliferations S7HA7]= ASZ ¥ AT (4). In vitro assay”’} A A
ol A chemical® metabolism, plasma-protein binding, pharmacokinetics®ll <] %t
e 45 & & §le cell proliferation effect’} B estrogenicityll ¢]gt A

AR tE mechanism ¥+ AFHOZ ¢ F= AT o= estrogen

receptor binding assayl} THE transcriptional assayE F3lA A & Qlth
E-screen assayv &< chemical® estrogenicitye #®3tal ¥IZHstAl 7HA kAL

rr

L.
214:3] screening & 4 A= WHo|W agonist®} antagonist®: FEE F AT

A% 23 9o 4 A9e B ¥ B8N A,
2 AYAR 2 Y

1) AZ 2 AE g

2 Aol AE-E= M AEZF+ estrogen-sensitive human breast cancer cell line
Z Soto 5ol 93l cloned® MCF-7 Bus cellsS #<F Htol AFS-31 T vl S 9
3] A}-8-gk vl A= 5% FBS Dulbecco’s modified Eagle’s medium (DMEM)o|™ A
A Aol 5% charcoal dextan treated fetal bovine serum< 333t phenol red

free-DMEM | 2| & A}&-3}9ith

(2 48U

AELHL Soto ol o8 &7iE W (4-7)= T8t 2 A7 9HA HH
3t th. 6-79%F Dulbecco’s modified Eagle’s medium (DMEM) A2 uj sk
MCE-7 AIZ£Z 12 well plated] 3x10* cells/wello] HE2 seeding 3F3Th 24 Al
3 W AE AAS AFEES £F3 5% charcoal dextran® = *|2]¥ FBSE

fr3t= phenol red free-DMEM #JjZ] (CD-DMEM)Z &3t A @ELDS X

et
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gt CD-DMEM medium-> ethanol®l %] chemical stock solutions A8-3}7]
vlZ A Ao CD-DMEM mediuml.z 3 A3l w5o] AML3t¥th. ControlS
CD-DMEM®S- 71813l positive control& 107 M 17B-estradiol S ] 2] 8131 .1
A A &rle HEFEE 05% st 3H3th 37T, 5% CO, incubatord
A] late exponential phaseol] =23}= 144 A|Zto] MTT assays A3 (9).
= MTT [2-(4,5-dimethylthiazol-2-yl-) 2,5-diphenyltetrazolium bromide, Sigma]&
0.1 mg/wello] HE5 Ag|stal 4 AIZF o] vis & wjA]E Wil DMSOE %
of AdE Z2AHS =< U3 ELISA Plate Reader (UVmax, U,S,A)Z 540nmol A

Estrogen receptor binding assay

1.4 &

Estrogen receptor binding assay= V|7 EPA%] EDSTAC®| Tier 1 Screening in
vitro methodol Al AR 3= WH S Z A estrogenic effects®] molecular mechanism
= Wel=d Zas ol A WEA screening & F A= FHS 7HA
3 ot Endocrine disrupting chemicals (EDCs)+= estrogen receptor (ER) nuclear
protein®) specificatAl ZA$3tS] natural estrogens®] &S FTVMAIIIAY AT
g 4 ATk ER+ tissue growth?} differentiation®] ¥ ¥ gene expression = =
3= 66 kDa¥] transcription factor®]™ reproductive, skeletal, cardiovascular 71
23 mammary tumorgs X33 ThYS target tissuedl A ZEFTh (1-2). ER #
T}& steroid hormone-receptors- receptor®] carboxy-terminal hormone binding
domain®l] high affinityE WERH™ slut = 1 ©]%9] endogenous ligandsol] ¢
3 &3ttt Ligand binding receptor® conformation®] W3} dimerization
223 & protein¥] interaction®] W3} F5 Fst= B receptord W3ZIE
7}A€& 4 ATk Hormone-receptor complexs~= THE transcriptional accessory
protein®} 7 = ©@=5OF receptor® DNA binding domains 3] DNA
response elementsol| 233} target gene®] transcriptions & Fv AAZIH
(4-6). ERY competitive inhibitor (antiestrogen; e.g., tamoxifen)< target tissue?]
ER Z8-% block ozH Fuet X8AZ /MEE 7= sttt (7-8). HZol= ER
°] cloning 2™ o= ER%= THE estrogenell Wit affinityE 7FA|™ ligand
binding W4 = o2 HAo=Z 823 Jt} (9). Hormone, DNA 1231 ER 4%
8o Hadel v Aa glom zA o we} estrogenol el thFsiAl Rb-&-gHt
= AL & & A HAG (10). webq EDCs7t ERo| ZA33AY ER-mediated
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gene regulation eventsdll S F= AE FHEINE & U= in vitro screening

WHo]l H a3ty mEkA test compound”} radioactive 17B-estradiolE X &3}
Y E o] &3 competitive estrogen receptor binding assay S 4 H3} o, cello]
L} tissueZ FE crude receptor preparations YFEx T4l ERY DNAE
PCR-amplificationd}] €03l recombinant human ERE ©]&3sto] 7FHs 4%

A Aol 7M5EEE wrSol A
2 43w 2 Uy

1) AFAE

Recombinant human ER+= PanVera®lA U435l Al83td o HAFH7A] -7
0CelA  H®#AsATh  Radioactive 17B-estradiolS  [2,4,6,7-"H]estradiol (88.0
Ci/mmol)& Amersharm (Buckinghamshire, England)ollA] Q3o o]
charcoal, dithiothreitol, bovine serum albumin SigmaZFE 3t A&}
o). Ultima Gold scintillation cocktail Packard BioScience Company©ll A %3}
of ARg-etA

2 7171
Table top centrifuge (GR-6R, Beckman, USA)¥} liquid scintillation counter

(2000CA, Packared Instrumental International Switzerland)E A}-8-3} %t

@) 43U

Estrogen receptor (ER)2 ER® cDNAE PCR-amplification 3l ozl
recombinant human ERE PanVeraol| Al 73t AH&-3t 2™ Binding bufferd]
Z4< 10 mM Tris (pH 7.5), 10% glycerol, 1 mM DTT 18]3 1 mg/ml BSA?]
c}. Estrogen receptor, [2,4,6,7—3H]estradiol (10 nM), &5 test compoundE
microcentrifuge tubedll 23l FHF WHE& o] 200 w7t HEF sHFTh 25TAA 3
AlZE &% incubationAlZl ¥, GF/B glass filter= filtrationd}o]  free
[2,4,6,7-H]estradiol & A A3}t filter paperE scintillation vialol &% ¥ Ultima
Gold scintillation cocktail 4 mlS 7}8}3l  liquid scintillation counterg ©]-8-3}¢
radioactivityS 27481tk Nonspecific bindingg $13141E 10°M 17B-estradiol &
A& T Competitive receptor binding assayE ¢t 44 tixEZE 178

-estradiol #} diethylstilbestrol (DES) & A}8-3tth.
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Rodent 3-day Uterotrophic assay
1. A8

Uterotrophic assayt< estrogen®| ¢]& &% uterus tissue mass 5715 574
O Z A estrogenicityE {FHZA S Z W7tsk= W ol (1). Uterotrophic assay+w
H|= EPAS] EDSTACO]A] Tier 1 Screening in vivo methodo = @AZ3t= W ol
H FF "gold standard" WHolg} dl7]% Sk}, Uterotrophic assayt estrogenicity
£ Hrlsked o] o 7IF ¢ @y AREH ol Wt Iy FARFEY
Aol HEstE o] AA fot AF group He] Aol Q1o =AH
o2 AUHE xFEstelye =8o] M vt (2-4). Hertzs 2 uterotrophic
assay”’} chemical®] estrogen® 2 Z-&3l=A] olAXE H7} 3= WHOEA o]
o]l MEA]l e s ojol st FAASATE (5). 3 estrogenic chemical ©] %

2o metA] oE HHEAS 2SS4 Utk £2 9|2 A breast tissuedl| antiestrogen

,H]HX-]O A5

Q] tamoxifen uterine tissue®| W 3JX= uterotrophic estrogenic agonistZA4] 2t
&3t} mEtA] uterus ©]9Y TE tissued] proliferative effectE SAITH F4
sensitive 3}l informative g+ Ho] & FHo]th (6). Rodent uterotrophic assay <]
FHL ©E in vivo assay¥®H chemical®] plasma-protein binding L2]il

pharmacokinetics®] &3} 3ol Al estrogenicityE A ¥ F U= HolH

metabolismol] ]3] H3}E estrogen?] estrogenic responses H7IE 4 o vt
2 TEY esrtogen-like chemical® in vivo systemol|A] HE3H = U= WS

ot .

2 APAE 2 Wy
1) 2435 E

s

i

2
19 oo
o

EAEHE 53l female Sprague-Dawley ratE Fvfste] 3Y
of A8 AZIF AS 247 AF ztol7t of 10g MAH Fote TE5
. &% 2441TC, AUlFE 55+5%, WIWAIZE 12417,
300-400 Lux94 AHSEAS FA}ET AR (*“’W Seoul)& AH+EA A4

=y

4
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(2 434
1) & € &F4F
Ein

Azl 77t MAE Adste] = DS o]l 7+ B

T F 5 R Y, =9 JMAAE L tail marking I A}

3
&1 *JZ}%‘ tag A S AHSSHAH

4 tET (positive control group)O 17B-estradiol’S 30 pg/3 ml7} H =5
corn 011°ﬂ TAsA g A7l F corn oilE ©]E ©AF o E 3 A3te] AL
. 17B-estradiolS 0.3, 3, 2 30 ng/kgd 3 7IA &Fo =2 34 Wi BEAFA}
(ip) stA™. FAEFS VIS rat AF 10 g F 003 mlz splen =29 &
WA ZxE Fo BL HAASAH

npA e Fo] F ooF 24 AjZko] At AF 25UA HF gste] A A &
HEste] AW 2 AHEAS AAS D AR fJellA E7|E 4

S|
3] AZA|Zl 3 Mettler microbalanceE AFE3FA] 7} ratollA] dojZA AFHEAE

>

—

- AME

=
+ coumestrol, genisteins ] HAE, DDT, methoxychlor, vinclozolin®} -2 434 <}
A3t 18] 3 bispenol A%} p-nonylphenol 5ol Ut} 3EEHEL —7|:E'9_°ﬂ de] &
ZHofgl7] Wiel, o= AE] k&2 T F gle ot aE=



3

(Ll

a3

2. &1 75 A

2H Zol=9] A3}ty dA AHZolE FEAZ 4EF 54 Ax | gid o
3 Adte] 93] uiAET AE WolA ZHZRo|EY) O F£8A ) A=
olE-AE| ol F8A EFA|7 DNAY EXF R Yo AFsteE 3to] 84004

TZAQ HZE of7] AI7IA Huh ZHEZEo|E-2H ZolE #8414 EEA7F DNAC

AFF Fol, o|AEL SHRO|E WG FAAEY BAL WIAA WA Ae) ZH o]
=7b Agetel YehlE S04 Bde) Wee Qoxth Hetgdse] £84 wA ¥
32 WIA7E AAUZS Bol LedA Utk HAFTAL WA 2Ezolse T4,
B, B, 2 RS MANPORA SU FaAe AN IASY 48 WAES
MEAL 5 ol olohs thEdl, HeEAL olrlE 84 BASS WAANAY 4
gA9 N5 B FE 244 A2E W B5 od) 220 1SS WAL
F Ak vARez, geRde sHzoce HE MEF FA BEH LHol=
252 PARUA AHHoR A5AEL T Aolth ol9} o] AEZo|= F§A
AHHon 4o HHBASL U9 e RN EWE s AN 2t

LR

EFFe 2HREolE FE&As AR F9 U] Saccharomyces cerevisae’t Z~H|EO|E

of &J&3}= transcriptional activator2#] 7]5S YUEE 4 Johal dH A ok
Estrogen, androgen, progesterone T&A Fdx7F 59 U= plasmid7l =
recombinant yeast strain®l &ITEDAS A F yeast’} YEIU= B-galactosidases
Aot setEdy o2ERA, A=A, TRAXHE FEA%Y F5AES UE
A= 7IHolth. o] W2 phytoestrogens©|Y pharmaceuticalss ¥ 22 B2 4
A3, A2 SHEo=9 AH =R E FEAEHS] FegEs T8 WEr =4
He Ao AAX 2 AFsE setEdEs Bt eEM steed

o

FgAZe] ARG N, SolHe

< (< T A
4
>
r

[
=
H
o
r

(1) Yeast-based estrogen receptor assay
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1) Human estrogen receptor gene©] =°| U= yeast stock 125 & growth
medium 50 mlel]l FESH $ 28T shaking incubatorol| A 24 AJ7F &<t 8] S 3o
2) YA dE2EZZA 17B-estradiol S AME-3lal, o]l A3t A} = chemicald

37 Ztz}b ethanolZ 24 w2 3 Aste] 7zt

off

TSI 96-well optically flat

bottom microtitre platedl] 10 ¥ ¥ & HAZA]ZIt}
3) Assay mediums Th9 Ao we} Axg & 200 wA ZF welle] ¥i1 227
shaking$+t}.
Assay medium %7
Growth medium 50 ml
24hr incubated yeast medium 05~2 ml
Chlorophenol red-f-D-galactopyranoside(CPRG) 05 ml

4) Low temperature incubator (32°C)olA] 24|17t &< vl Fso)
5) Ml 59 plateE 7o} shakingZo 24 zetil e yeastE: & 4ojFE F
incubatorol] ¥l THA] 24A|7F ZoF nok3ic)

6) 39zt v st o microplate readers ©]-83}% 540 nm%} 620 nmolA FFE

5 SA3
7) Zr el FH= S Aol 95t tha 2ol wEl correct valuegd A4
=

Corrected value = chem. abs. (540 nm)-[chem. abs. (620 nm)-blank abs. (620 nm)]

(2) Yeast-Based androgen receptor assay
1) Androgen receptor gene©] E°] U= yeast stock 1 m(-Z selective medium 50 ml
of H%F ¥ 30T shaking incubator (300 rpm)oll 4|, Bl &gty
2) Yeast medium®] ODgy %ol 1~2 2 wj7}A] wvjj &gt
3) ODg®] 0.03°] H=ZE yeast medium< selective medium® 2 3]43}31 CuSO;,
50 uMeo] H == 3ok
4) Chemical2 HZFTEEE yeast meduim® 1/10000] X5 tubeol A 1082 34
SER et

30C shaking incubator®l 4] overnight 8] &<
5) M ¥ ODepol 0257} H =% 343 $F 1002 3435t Z; wellol] 100 w04

-
_'46
__I,Aa
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icroplate reader®Z 590 nmolA FF =& 43}
ssay medium<= ofgfje 2 =4O
(2, Assay mediume #AZE & 1A)17F Ulo] AE-ght})
Assay Buffer (11mf)

S
> <
frd
£
BN
9‘15
2
£

wellol] 100 WX H=

o-nitrophenyl-B3-D-galactopyranoside (ONPG) 2 mg/ml
SDS 0.1 %
[B-mercaptoethanol 50 mM
Oxalyticase 200 U/ml
z- buffer 109 me

deth

o

8) 420 nmol A 20 St WETH FFEE ST Vi &

(3) Yeast-Based progesterone receptor assay

1) Progesterone receptor gene©] £ Sl yeast stock 1 m-& selective medium 50
mlol % % 30T, shaking incubator(300 rpm)ol| Al 2417t &<t H 3ot

2) Yeast medlum-J ODgo®] 0.8~1.0 & wj7}x] wjF 3+ & njS3t yeast mediumoll
28} 9] 100 pMo] HEF CuSOE ¥+

3) A8 %9 289 Chemicals 919 HIAIZ 1082 3|43 & 96 well plate 7}
welloll 50 wX E+=

4) 2)o A F£HIG yeat medium= 50 w0 ZH7He] welldl ¥ & &gt
5) Chemical2 # 2|3+ palate:= 30Tl A 4A17F &<t vl gstch
)

6) Hl % ¥ microplate readerZ 500 nmol|A FFE=E =74

[¢] = —1°0
8) Assay mediumsS A|Z3t 7} welld] 100 pb? E+=tf. (&, Assay medium-2
Az F 1A el AHg-3et)
Assay Buffer (11ml)
o-nitrophenyl-B3-D-galactopyranoside (ONPG) 2 mg/ml
SDS 01 %
[B-mercaptoethanol 50 mM
Oxalyticase 200 U/mé
z- buffer 109 md
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8) 420 mmoll A 20%& &<t FFEE S8 Vi k= 2 3TH

9) th& 2o uwetB-galactosidase activityE 7l 4HgHc).
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