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2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) Induced Micronuclei Formation
and Inhibition Effect of Tamoxifen Against TCDD-induced Micronuclei
Formation in Human Breast Estrogen Receptor Positive MCF-7 Cells

Jong Won Kim, Eui Sik Han, Hye Seung Jun, Mi Ok Eom,
Mi Sun Park, Hai Kwan Jung, Woong Seop Sim’,
and Hye Young Oh

Genetic Toxicology Division, National Institute of Toxicological Research,
Korea Food and Drug Administration, Seoul 122-704, Korea,
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Korea University, Seoul 136-701, Korea

To identify mutagenicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) which are not
indentified by ICH (Internation Harmonization of Technological Requirements for Reg-
istration of Pharmaceuticals for Human Use) guideline-recommended standard genoto-
xicity test battery; Ames test, chromosome aberrration assay, moues lymphoma k™"
assay, in vivo micronucleus assay. the in vitro micronucleus assay (MN) was chosen.
The in vitro MN using MCF-7 cells was useful to indentify mutagenicity of bisphenol
A and di (2-ethyhexyl) phthalate (DEHP). In this study, we found that TCDD induced
MN formation significantly. Further to investigate the relationship between MN formation
and estrogen receptor (ER), we comparatively assessed MN formation of TCDD in
different human breast cells; MCF-7 cells (ER positive) and in MCF-10A cells (ER
negative), MDA-MB-231 cells (ER negative). TCDD induced MN formation in MCF-7
cells (ER positive) but not or little induced MN formation in MCF-10A cells (ER
negative) and MDA-MB-231 (ER negative). We also have examined the effect of
estrogen inhibitor, tamoxifen, against TCDD induced MN formation. Tamoxifen inhibited
TCDD-induced MN formation up to 47.3% in MCF-7 cells. We concluded the in vitro
MN using MCF-7 cells is a good test method for detecting nongenotoxic carcinogen and
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identifying the genotoxicity of endocrine distruptors which are not identified by standard
genetic toxicology test battery and additive endpoints should be included.

Key Words: 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), in vitro micronucleus assay,
Estrogen receptor, MCF-7 cells
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M =

a5 wdol ol vl 4
4] WkQlEA (genotoxic carcinogen)¥ H|F-A FA]
HEel-Z % (nongenotoxic carcinogen)® g + 9
g A4 B 2 YeAS fRASAA
g ol gste] AA AT F glov’ o
s od|ZFsle], AH&& TAlAY 45 7
AAZ g 2 5 9l g
v A S UhEAe ookE s S FAH
3 3l 3 2] A|(ICH: International Conference
on Harmonization of Technological Requirements for
Registration of Pharmaceuticals for Human Use) &
ofl Al AXsl= EF FASAAAGHAAE BA
o] ¥]#] oo} 1 WA dIZFEr] % HER
Aol 2753 Sk

B2 AFoAE 7|E vFAEA W
Azl F-olw, WEHA A lEAE
ICH7} A§3le= 7 454 AY
S ol g3 B EAHel Y T4F i
ol &gt Aol gAY, vpgx 7 Eu}
S o] A4, A LA g Vol A B
A& YERA 23,7 8-teterchlorobenzo-p-dioxin (TCDD)
< AARslglen, Ag fH dIAEZA FEA
(estrogen receptor; ER) %4JQl MCF-7TH|EE o] &
g AAe] AP ALE = AlEY] =7
Aol vkt v RASAEES AT F Ue
Ho g yelgr] wifel,”™™ MCF7 AEE
3k A L] 2T ATkl B3k A
W f#ie] ER EAfoI ol wE L9457
HAAS AFs] Slske] ARt 9 el ER
negative MCF-10AA|3%, MDA-MB-231A4| % &
ko] ER -5 AlE9 statusoll wl& &334
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Tamoxifen< ER JA|AZ d&A o, F4t
oF q2AE A ALxw 9rl ER AL
confirma} 7] $]}e] ER inhibitorQ] tamoxifeng *|
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) M=

TCDD (Cas. no. 1746-01-6), MTT (Sigma, M-
2128)E& Sigma Aldrichel| 4], Eagle’s minimal essen-
tial medium (EMEM), Dulbecco’s modified Eagle’s
medium (DMEM), F12K modification Kaighn’s me-
dium, RPMI 1640 medium®} Fetal Bovine Serum
(FBS), Donor Calf serum (DCS)< =|=r2] Gibco
BRLAFOIIA] 918l 3A et

2) MIZF A MEZEB S

A= 58 58 AEZA] human breast cancino-
ma, estrogen receptor positive MCF-7 cells, human
breast carcinoma esgtrogen receptor negative MDA-
MB-231 cells, human breast normal, immortal MCF-
TA cellsE A&319tF. MCF-7 cells % MDA-MB-
231 cells®] wleFeH-L 10% fetal bovine serum (FBS)
T} 1%2] penicillin-streptomycing £3}F+ Dulbecco’s
modified Eagle’s medium (DMEM)= AF£3}192
™, MCF-10A= DMEM/F12, 10pg/ml insulin (bo-
vine), 100 ng/ml cholera toxin, 0.5pg/ml hydrocor-
tison, 20 ng/ml fungizone, 2 mM L-glutamine, 100
ug/ml penicillin/sterptomycin mixture, 5% horse se-
rume] 47 WA Agelgeh. ol 3~4Qule}
Al okel g om A SdHol o] YA
& Hastelad 7Y FRE 108 vHo A
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tuljoket A ERES Aol Agslch 3 5
sl 5% CO.E %%t £ 37°C% Dual CO»
incubator (Shel-lab 1845 TC, USA)ollA] wljoks}sich.

3 Al=E9 Xe|
Ald=2E 2447 Aelstgor, AdE4d A
2l & 2410l £ Setel =5 AlFslsit

4 SEMHES B MESHAIY

Mitochondrial dehydrogenase®] &4 A& e}

Y= MTT [3(-4,5-dimethylthiazol- 1-)2,5,-diphenyl-
tetrezolium bromide] B]ZFAEAH S T3}

t}. Mossman®"¢] ¥H-& ¥ °§?>‘]-°1] 96 well plateol]
ZF well (n=4)% 50,000712] AEE 2447+ F<t
37°C, 5% CO, Z71 &}9] incubatorol] 4] wjokal &
A z73 5LsAl 24417 H=lsksict. A el A
Zro] AvhH PBSE Fi3] AolFa miAE w3t
ko] ZF welld 10ue] MTT €H(5 mg/ml)S 4
7ksto] 37°C, 5% CO, 271 sfellA] 4A17F 51t =
ZAZAY. AFHE AASEE  dimethylsulfoxide
(DMSO) 15005 Y92 th5 1087 2 &3gs}o]
HAAES EalA7 £ microplate reader (E-max,
Molecular Device, USA)E A-&3}o] 540 nm 2
570 nMellA] FFEE Fs e B ARAT

= AIEE wiFelA 52 welloll A 54 % F4%
ol theto] HAsllom, FFEE AldEdel A

Dl¥A obe ujzEat wmelo] AEET ks
St} X8 hemocytometerE ©]-2-38} trypan blue ex-
clusion assay= G~3§3}3 ).

5 A2l A

HIEHEES 7Fo 2 3lo] duIARY H
ARsRom, FH| 105 A&t =
F, S22 2 DMSO A elzk 7149 ¢4
tzFo 2 JMx F=zo]A GHlEZ ol mitomy-
cin C (0.1pg/mhe} AAH| FH o]} fukEA el
DES (2.1pg/mly= Z+7+ A elsto] Algdstqict Al
ZZ A7 60 mme petri disholl 1x10°/ml ¥ =5
s}Esto] 19 7F uljokal ‘6" 27y A H 523 ok
HzEA =8 Gl njeklo g g3lsto] 24
A7 weksldel 0.25% trypsin-EDTAZ A EE
2L F 4°Cc AAN (0.075 M KCI) 4 mlol] Her
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A7l o rtE AR sk ek 3278 o (methano
1 : acetic acid=3 : N2.& 23] AHA|7] &= 50% A
A Axelste] WAEZE Selo]Eofl AlEXA
Mg wWojme] dMA xRS WEA, U] A=
Ho g &Elo|=g AlEsle], 5% Giemsa 34 H
°.2 3087 =& Acridine oragne A HE o] &
slo] A3k > Fotdv|d e P9
(%400~ x1,000) 2.2 ZH2s}9 v}

g Al R 1,00009] AEE Fev]A
(Karl Zeiss, x400~x1,000) T 3333317]7) (Nikon,
x400~x1,000) s}ollA] F+H3}o] small MN, large
MN, multi MNO.Z FEsto] gslgict ™ 49

shu THAE AlEE &9 A <hold
small MN2. 2, 14 <MN2] 73 <io] large MN
o7 FEslglen, £9E F A ol 7k = Al
T multi MNO.Z FE319e) SAMH o2 &
o Al &= X E FIVEAY st o]
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1) TCDD2| N ESH

(1) MCF-7 MZO0IMQ| MZESAM: MCF-7 Al Zol|
Aol TCDDY| AEZEAAY Az, 001 pM~10
nM7EA 9] A FEelA FY4UE AESAEE

ERHA §Eskeh(Fig. 1). WhH tiztell vlsll TCDD

/\’/’—"4.
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Fig. 1. Cytotoxicity of TCDD for 24 hrs in human breast
estrO%en rece tor positve MCF-7 cells.
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(2) MCF-10A M ZOIML| MIZE=4: MCF-10A
A Zof| 4 €] TCDDS] AEF4A1E 27, 0.1 pM~
10 nM7HA1 8] x4 AESAE FoFe=
vERHA ekkhFig. 3).

(3) MDA-MB-231 MZOHIAMQ MESA: MDA-
MB-231 A|Zol|A 2] TCDDS| AZEAAY Az},
TCDD+= 0.1 pM~10 nM7}A] 8] FXol4 §-2A4
R AEZFAHS JebHA ekskohFig. 5).

2) TCDD2| MAL| ASHAIE

(1) MCF-7 MIZ0|AM Q] ASiA|E: MCF-7 Ao
Ao A9 £ A, TCDDE A =T
o Bl&l, 0.01 pM, 1 pM, 0.01 nM FEoNA £
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Fig. 2. Micronuclei formation of TCDD for 24 hrs in
human breast estrogen receptor positve MCF-7 cells. ' p<
0.01
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Fig. 3. Cytotoxicity of TCDD for 24 hrs in human breast
estrogen receptor negative MCF-10A cells.

: A% MCF-7 A|Eol 4] TCDDel| 913 Zafg 47t BhEA o] &)@ AL 13

Q1 Aol & HAck(p<0.01)(Fig. 2).

(2) MCF-10A MZOMS ASHAIE: o|=ERE
A FEA frholl Wk d3s B 9138l MCF-
10A A|ZFol|A o] AAe] AMA g4 TCDDE=
0.1 pM~10 pM7}A] 9] FEollA] oFgt LWHPA S
frrsldch 1 pME oA = A HZT ol vl
frolf o 2 adgAS vebldvkp <0.05)
(Fig. 4).

(3) MDA-MB-231 MZH ML ASAIE: MDA-
MB-231 A|Zof| A 2] Ax|e] LA L1
AL FslAl EslgokFig. 6). 4 AEZETS
Hl 2 o5 ZEohFig. 7).
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Fig. 4. Micronuclei formation of TCDD for 24 hrs in
human breast estrogen receptor negative MCF-10A cells.
*p <0.05

350
300
250
200
150

Viability (%)

100
50

0 0.0001 0001 0.01 01 1 10
TCDD (nM)

Fig. 5. Cytotoxicity of TCDD for 24 hrs in human breast
estrogen receptor negative MDA-MB-231 cells.
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Fig. 6. Micronuclei formation of TCDD for 24 hrs in
human breast estrogen receptor negative MDA-MB-231
cells.
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Fig. 7. Comparative evaluation of micronuclei formation
of TCDD (0.1 pM) for 24 hrs in MCF-7, MCF-10A, and
MDA-MB-231 cells.

3) Tamixifen2| MA|2| ASHA|E L TCDDF
c AN AN E Dl

(1) MCF-7 MZEWAM2| tamoxifen2| MIZA:
Tamoxifen®] AAZHES HB7| 93lo] A4 ta-
moxifen ZpA|9] AEZZA LYY 5E T3
9t MCE-7 A|Zol| 42| tamoxifen] A|E=AA]
s 73}, 001 nM~100 nM FEANAE SAH=
ol Hl3l 80% oo AEES Hont, 1,000
nM, 1,000 nMollA = 40% ol&te] AWEES e
Wck(Fig. 8).

2) MCF-7 MIZ0H|AMQ| tamoxifen?| ASHA|E:
MCE-7 A|Zol|A 2] ABAe] &34 tamoxi-
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Fig. 8. Cytotoxicity of tamoxifen in human breast MCF-7

cells.
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Fig. 9. Micronuclei formation of tamoxifen in human
breast MCE-7 cells. *p<0.05, ' p<0.01

fene SAtHz Tl Blal 100 nM, 1,000 nM E%
A FelHoz £APYAHS FTTHZHoH (<
0.05, p<0.01), 10 nM o]l A= A =TT}
Hlszsto] AR AkE Vel whebA] W&
A AgelAe HusEE 10 nME ZAsHS
th(Fig. 9).

(3 MCF-7 MZ0M2e TCDD2t HEAZ|E
zetamoxifen2| M|EZEAM: MCF-7 AlZol|4 2] TCDD
1 pMI X2 tamoxifen®] AEZAAAYH A
I, ANz vlaste] A FxelA {4
R AEZ=FAAS vehA ekskel(Fig. 10).

4 MCF-7 MEZO M2 TCDDRI HEAZ|E
tamoxifen2| ASUA|E: LMNPFAS FubslA] =

10 ntMS 3 B5Z 35| 255 AAs]o]
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Fig. 10. Cytotoxicity of tamoxifen with TCDD (1 pM) in
human breast MCF-7 cells.
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Fig. 11. Inhibitory effect of tamoxifen on TCDD (1 pM)-
induced micronuclei formation in human breast MCF-7
cells. " p<0.01

tamoxifeng -84 2lslt}. MCF-7 A& o] &
3t ALl AMA] ol A tamoxifens 1 nM, 10
M 5% WEXelA] TCDD #% &9¥AS 7
7+ 30.9%, 47.3% FH oz Al thp<0.01)
(Fig. 11).
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TCDDE 472 SoA] ulZEE tho] 249
dFozA 7 st UekEAE 49 A ok
(IARC carcinogen Group 1)) &1} ICH 7}o]=
gl Al A st v =S o] &3t HF|adHoe]
A& (OECD471),* ™ Z &7 uwlFAZE o] &3
1o)X G (OECD473),”” wh-9-2= A Zv} 54

: AF MCF-7 A Eoll4] TCDDel| o8 ol At ebZ Aol o8 oAl 15

2} EedH o] ¢ (OECD476),' "7 &#A1Q"Y 59|
Aol A g4 e AaE UdebthARAlE] A2
3 7). g OECD 7lol=ahel SollA A|Ask
B e AR AY 5, A ARl A
& (OECD475),* % Apujod A B-A) 523+ X &) (OECD
479)297%% 23}2] & o] &8k A4 XA E (OECD
477),” mouse spot test (OECD484),"" $-41 %] A} A]
F(OECD478)" 59 AFolNE 549 Ads
vebglcl. TCDDSF 2+-& vl HlfA =4
MRS [CH 7lol=alelod] A sts TF
AAR A= o] 54 grol 1 913
dlFslr] 913 MZE Adwe] 27w

T
~

Jft o

Y0, ox do
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FolAe A% Sl ER $4 MCF-7 4]
B QA EUAYS A g E AT

Lol

—_

dn o

o] Aol wl v FAFAEAE ALY
Wo 2 Uebsky] wioll*) MCE-7 AlZE
TCDD®| AJA|e] L£dPA5E AT
. B o743 TCDDL] MCF-7AZ(ER positive)
oAl NP Fridstsl ot MCF-10A B MDA-
MB-231A| £l A= F49 A#E Jeblich
TCDD”} ER#}HE] #A#HAS &lslr] 913sle] ER
AAAZ Z dHA Y tamoxifend o] -g3}o]
Lol AAE=AE #HEsSc) tamoxifen
(10 nM)2 TCDDOll ol A= £38 Hx
473%7+A JAskA el TCDDel| 2lsto] A=
48> ER#F O] A A o] e Ao AZuelzl
t}. TCDD+ HepalC1C7 (AhR positive) cellE ©]
&3 AAle] LA A AARE 2L
fribsbAl et A, BlalP v @il 5%
= (cigarette smoke condensate)ol] 2|8k AhR-&]<EA]
2OPASE FAAZ BaEgeh? wg
Wistar rat skin fibroblastsel] 4] two stage = 223}
Ne A5 adIAss SAARH G BaEg
t} ¥ 2 F7kA TCDDE AhR-S E3F Hkel7] A o)
wWol &4#A dedl, 2 V1A fele &ds Y
Asl= 713 ERS 53t crosstalko] o] Fo] A=
Zo 7 AZtElo A, 3 AEEQ] A7t X1
FlojA ol & ZloE AgHr}

TCDDol| it AT AA7HA] B2 A7 2
Prjojx] ghow, o}F & WL 47} R8P oA

3L vk TCDDE AN Al & A,

02 30 N M
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DNA adduct&
4] intra-chromosomal recombination2
] 39 Saccharomyces cerevisiae| A FAAEAH
o]Z Swrsl9) o™ ¥ immortalized human kerati-
nocyte RHEK-1 celloll A A|E£HAA2-S sl
o ,38) mouse embyro fibroblast C3H10T1/2 cells,
rat tracheal epithelial cells GollA] LxHA] AEHA
AZA Aol A = A EZF DA fdsbA] st
AR MNNG 52 AxzE F oA A=E
AR H oA AZH AR Gulalgl o
w] #74Y w3l Syrian hamster embryo (SHE) 2 %}l
o AEollA AME FAALS Frrsiadch®? vlF
ASA A4S Ao 433 el
THAE B 27 A A 2] WB F3447HA ol 4] A
2] gap junctions F3F AEZE Wi} 2 A(inhi-
bition of gap junctional intercellular communication,
IGIIOE ftelgieh™

o] 43} 72 ICH guidelineol| 4] AA|s}= EF
A=A GH o ZA = 7AMo| e+ iEA
H 454 WehE4< TCDDE] ®oldA 3 o
A ZAE st o|FAE
vivo 2l S simulation & F Y= AFHae Al
£ o139 el LAY, ALRDABE 1
A3 5 Sl SHE AEE ol 43 AL AL
A1, ALl gap junctions o] 83t AEZH i}
AAE A7 F = iGIC & E3eohd £

=0 A=A G ol|lA] AMo] A 9 TCDD
o e o At A4 srg & glem,
A 5 e Ao AR Eak ofe] 44
S AQAlel golttew Qa 4w Azl
gk s Aol 1A bk, SlollA AAH chek
P AxRE Edse FASAH oHAx Hod
(genotoxicity multi-endpoint assessment)2 71%-s}o]
DNA damage, DNA repair, apoptosis, cell cycle
arrests Esh= 71 AT FAl Z g o] A
of & Zlog Azt

23 23 =] 4
F A2, yeast B mouseoll
O ¥l

ksl e

>z O ) .
AES 9% in

it

2 =

1) TCDD+ MCF-7 A2 (ER positive)S o] &3k
A 2] Aol A FA e YERS L
2) TCDD+ MCF-10A A|Z(ER negative), MDA-

MB-231 A|Z(ER negative)S o] &3k |2 L4
Aol A e o] vlulslAY A F7lelA

)
23y

3) Tamoxifen ZHA|E 100 nM o] Aol A= &l
P45 S Yehl e, 10 nM olstoll A& &3

PAS freta stk
4) TCDDe®l| 9J3l 48X L o|~EZ A 73
AQ1 tamoxifenol] &3l # 3L 47.3%7HA] A A= 3k

—
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