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Abstract: A variety of contaminants such as polycyclic aromatic
hydrocarbons (PAHs) and their halogenated derivatives are present in
the environment. Their effects on cell proliferation and gene expression
have been investigated using human breast carcinoma cells. We focused
benzolalpyrene (BaP), one of PAHs, and its halogenated derivatives, CIBaP
and BrBaP. They indicated estrogenic activity. However, the profile of
gene expression of BaP was different from that of the natural estrogenic
substances such as estrogen (E,), genistein (Gen), and daidzein (Dai). In this
study, the combined effects of E,, Gen, Dai, BaP, ClBaP, and BrBaP on cell
proliferation and gene expression of pS2, CYP1A1, and IL-6 were examined
using human breast carcinoma MCF-7 cells, which have estrogen receptor.
Exposure to 10° M BaP led to inhibit the proliferative effects of E,. Although
10° M BaP itself strongly enhanced cell proliferation, its effect was reduced
by the addition of E,. Also, BaP reduced the proliferative effects of Gen.
Exposure to ClBaP or BrBaP enhanced the proliferative effects of E,. The
levels of pS2 expression induced by E,, Gen, and Dai were reduced by BaP.
ClBaP and BrBaP were induced pS2 gene expression in lower level. However,
the induction of pS2 gene expression by E, was reduced by them. On the
other hand, 10° M Gen inhibited the induction of CYP1A1l and IL-6 gene
expression by BaP and BrBaP. CYP1A1l induction by BrBaP was reduced by
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high concentration of E,. Therefore, the effects of BaP, ClBaP, and BrBaP on

estrogenic action were different among them.

1. AROE=S

BREHZiE. ABMOEAIZK D, Bke AL FWE PR &, BREETG Qb
LT3, ThET, BEPTHRIEIIN 2T X oY« VHPZERATRBEK
fbkF# (PAHs). RUZ D IKBIESMTH 5/ a7 VEHRIKIZOWT, £h
SO EEZHNT, 2 2Aba Y 2 VIEERANS AL EI DERNT
(1-5)e Na 7 visfIMInIALEMII. s hic e v R0 EABRME,
NRIETEDH O = DG RTE. ERENBETE N5, E->TL PRTH-TH
AT K B EMEHS SI &k - T, ERANORE LR EESh TV 5,

EMNEADBAHK MCF-7T 13, =X MYz VB2FK (ER) 2%BLTHED, &
PRNVEVTHEIZR MO Y 2 VOIEE T T, MIRREGEREA I3 Z EMA 5N T
W3 (6) i->Ts TA MYz EFRIC MCF-7 il HiHEE % 5 0 5 2R
DHHWHEZ. TR MYz VEERAND S KBTI ENTE S, PAHs ©
HFIZ b, IADBAMORGEEE A En, T2 oY x VEEHART & OMBIELEL
7o (D)o i, ZOHEREIAPLRRERKOPIZS, BWE LRI X b
VrUBERERT O DL H o7 (5, 79 T HIE, AERPITED A E 7B
I, BHOEHELTED &, RIVEVREONKMWE R EEDIIETTD
BEMBPRELTENDE ZENEZ 65N 5,

PAHs ® 1 2 T&® 5% benzo[alpyrene (BaP) &, FLAA MO BEGEIZ BT,
IZboverERBEOMEERLE (4,5, LML, X bavzr, $X
WA MY 2 0 THBITF=AT14 Y (Gen)s FA4 €A (Dai) EnvoicAa
V7SRV ER, BEFRIELVVIZEBNTE, BDTFLLRUTREOLEN I
RbBonTnd, £ T, IOoBEFELIERIC, ED XS BEERNE
N5 DHh, BaP OIFREHKPCRREIHRAK S FTH T, MAEdT 5 2 &LiT L,

2. HEDEW

AL TIE, BaP . 2O m sy A Th 5, HREWAK CIBaP » RFEE
#aik BrBaP iciEH L., = X b o ¥ = » 17B-estradiol (E,) *® Gen. Dai 75 &
DREME LD/ TFT, T2 ba Yz VEMIZED K EEEERKIZT R
NBZ Eitl (Fig. Do TN ETEMERIC, $TERAZRBIL TS E ML
AN MCF-7 2 Flv T Miflatgiiale . SR8 2175 2 &L
72o BIZTFRBBITI TR, T2 MY 2 VIRBEBIZFTH S pS2, 7TV IS
Ko #—+R 2wtk (AhR) ENEIZ - TH 5 CYPIAL, RIEx—A—Th 5
Interleukin-6 (IL-6) 12 H L7,
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3. A&

(1) o4 AL BaP O A& OF5H

BEIC T U 7 IS HEL BaP A8 & LT, iRk & LT, 6-Cl-
BaP »8, RZRE#AE LTI, 6-BrBaP HEHERI I N/ (4, 10, 11) (Fig.Do

;
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Fig. 1 Chemical structures used in this study.

(2) MRk

MCF-7 #if2 (H. Hagenmaier, Universty of Tuebingen, Germany & 9 43+ 5.)
%, 10% H-M7E (ICN Biomedicals) % & 2: Dulbecco’s modified Eagle medium
(DMEM) (HK#HEE) T, 5%CO, 3TCTFTHEL I,

(3) Al HE A A
O JEHRAEAZ U7z 10% 417 (Hyclone) % & 32 phenol red-free DMEM
(Gibco) 1Ml A Ly 96 X7 L — MiT 5 X 10° Ml /well &755% & 5 (< HhfE
L7
@ 4kHEBIC. RERXHZ -CORETMA, 5123 HIEEEL 7.
Control iZi. E, DB TH % dimethyl sulfoxide (DMSO) #MZ e, Fiz.
Btkar bo—bE LT, 10% ~ 107 M E, 280117 - 72,
® 3 H#. HiusEni e HE S TH B cell counting kit-8 (Dojin) (12, 13)
KT IVITMA I F v 7 L, 2 RMERRIGETT - 72,
@ <=A47unSL—FY—%—EL808 (BioTek) % HUi ., 450nm (BRI E
630nm) DWEREZENE L7,
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(4) B -RBLL NV OFET
© B)o® & FFkIZHINEA DMEM IZ## L. 10 em> + — L2, 7.4 X 10° 18 /
dish &725 X5 IC#HE L 72,
@ 24 B2 I1Z. B5H A phenol red-free DMEM 1Z38#2 U 72,
@ oI 24 KefERIC, Q0@ AGKE £ M Z 72, Control IZ13, #Et D
T dH 5 DMSO 2 Z 72,
@ RNA o#fiH : 3B 24 B # 12, RNeasy Mini Kit K& ¢f RNase-Free
DNase Set (Qiagen) %MW T. RNA fiiH£47 - 72,
® cDNA NDZ#4 : Superscript I First-Strand Synthesis System for RT-
PCR (Invitrogen) iZ& 0. RNA % cDNA IZZH# L 7z,
® Real-time PCR : QuantiTect SYBR Green PCR Master Mix (Qiagen)
ZEMLUT, @TIER L7 cDNA 288 & LT, VT IVY A LPCR Y AT 4
Mx3000P(Z b 5 % ¥ — »4b) & i Tlreal-time PCR 247 - 72 #EMEE T 13
pS2. CYP1AL, IL-6 & U7 (5), WEBE#EEIL & LT GAPDH 2 7o,

4. HR

(1) e g a B

b MEBAMME MCF-7 2 Ty E,» Gen, Dai, BaP. ClBaP. BrBaP %
HAGHE THRE L. MR EZIT -7 COMEIE. ER ZRHL T3
feby By okt UC, IBERAMICHEEDN S £ 52 2 &I o TE D, RFEER
TH 10" ~10"M E, T, BEEREMICHIBHREN S E 5 2 LA MAL T -
oo WTFNOFERS, 3HIT-729 bOREMITHEF 1 D& R LT,

O TZRrOVzrvERPTAIRY 2

FTE & MWTZAbEY 20 THS Gen® Dai £ HEfFESELESIC, =
ZhaY s MEABED &S ITENT BhEF~T, E, OFEEA 10" 101, 107,
10°M ©O—5ZIC U722, Gen £ 7213 Dai D#EE% 10° ~ 10° M Ic&/L &S €T
R L7 IR b HIETIR, IBERGNICHBEEN S - 7,

10”M E, & Gen O3EBETE TIE, Bk Gen OfEMEN 7 (Fig. 2A), 10" M
E, Tid. KIEE D Gen TE, O EMnEN T, 107 10°M D E, TiZ, KK
D Gen TE, DR MBENTZHDB, Gen WRHBEEICLEE, L UAE, OEHZ
L7 (Fig. 2B)o E, & Dai OHIREFETEH, DaildbEdbEGen KD T X b
0z VDTN EEN BN, Gen ERBEOMEMMRED Shic (Fig. 3A, B),
@ TZboVzy, HPITZ POV L BaP

E, & BaP 2 JLICIRB S & 5 £.10"M @ BaP TIELE, B & WFLE TH - 72 A5,
10°M @ BaP Tid, 10" 10°M @ E, O35 2 M L2 (Fig. 6), 10°M
® BaP Tb. & &b EMMBIGHIEMAM D SN B, 107 10° M & o
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TR D B, (A5 F T, MG 13 B, Bt O R & R%E TR T L,

Rk, Gen & BaP Z4biclggE &5 &, 10% 10"M @ BaP Ti3. Gen ®
TERDSHERF S e hi, 10° M @ BaP FCld, Gen O HFHAEH % BAZE < HIHI L 72
(Fig. 4A, B)o 10°M @ BaP T&., 10° M O EEED Gen 12X LT, £ DRhE
A 2 2 EniEw 5Nz, Dai T, 10%, 107 M @ BaP Tid, 10° M O
D Dai 126t LTy Z OB EZMEII 2 20 S50/ (Fig. 5A). 107,
10° M @ BaP T3, BaP offfInfFi s 7z (Fig. 5B)o
@ TRbpYzrEBaPONos ALY

RIZ, BaP ofiFiE#ifk C1BaP & RE i #ifA BrBaP TRAED KR %17 - 72,
ClBaP T3, E, LILiCgEE S &5 &, E, FO M IEA & 0 &, IRERSA
HOIBGEREMN ER U (Fig. 7)o BrBaP &, ClBaP & T 5 L5508 5,
kDM n A D S5h iz (Fig. 8), ClBaP. BrBaP 355\ L X b u ¥ = VHEfE
HERTIENDP>TNBEDT, TOMENE, ITMMb-bDEEZ SN,
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Fig. 2 Effects of E, and Gen on cell growth of MCF-7 cells.
G:Gen, E-12:10"” M E,, E-11:10" M E,, E-10:10"° M E,, E-9:10° M E,.
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Fig. 3 Effects of E, and Dai on cell growth of MCF-7 cells.
D:Dai, E-12:10* M E,, E-11:10" M E,, E-10:10° M E,, E-9:10° M E,.
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Fig. 4 Effects of Gen and BaP on cell growth of MCF-7 cells.
E:E,, G:Gen, BaP-8:10° M BaP, BaP-7:10" M BaP, BaP-6:10° M BaP, BaP-
5:10° M BaP.
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Fig. 5 Effects of Dai and BaP on cell growth of MCF-T7 cells.
E:E,, D:Dai, BaP-8:10° M BaP, BaP-7:10" M BaP, BaP-6:10° M BaP, BaP-5:10"
M BaP.
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Fig. 6 Effects of E, and BaP on cell growth of MCF-7 cells.
E:E,, BaP-7:10" M BaP, BaP-6:10° M BaP, BaP-5:10° M BaP.
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Fig. 7 Effects of E, and ClBaP on cell growth of MCF-7 cells.
E:E,, C1BaP-7:10" M ClBaP, ClBaP-6:10° M ClBaP, ClBaP-5:10" M ClBaP.
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Fig. 8 Effects of E, and BrBaP on cell growth of MCF-7 cells.
E:E,, BrBaP-7:10" M BrBaP, BrBaP-6:10° M BrBaP, BrBaP-5:10° M BrBaP.

(2) BEEREER B L OV O g

LRloREEEEZ T, W 2hOMAEHLE T MCF-7THIICIEE L, &%
TRV XV DOEALE R~ FEHEET 13 pS2.CYPIALIL-6 D 3 D& L 72,
Control DEEETH 5 DMSO EFETOfiA 1 & LT, NEBEHERLE T & LTH
W7o GAPDH THiIE L, FHEAMMMITE Lc, UTIREEFIEOREE
A U7,
@ pS2

pS2iF. TA MY 2 VIREEIZFT, T A MR Y 2 VITLD. TORI VAN
IREE B I EMAONTNS, 10°ME, & 10° M 7213 10° M Gen O A&
HbETIE, HIMTRBEENE O Gen TORE LRSI - 72 (Fig. 9A), E, &
Dai D#lAADLETIE, Hio b0 kb, KW@EEAR S (Fig. 9B, 10°
M % 10° M @ BaP &, E, . Gen, 7213 Dai ®4EBEFHE T3, BHFHIMIZ A~
pPS2FEHD L RIVEK T &4 B A H - 72 (Fig. 9A - C), ClBaP & BrBaP i3,
BaP (2t~ pS2 ORBENE WA, E, EOHIBERE TR, =X bo vz MEH%E
PP Z BHEAIZH - 72 (Fig. 9D), BrBaP & Gen Tld. EEIZL > TpS2 D
HEINDFBENEL 5> Tz (Fig. 9E),
@ CYP1A1

CYP1Al 3. PAHs TRERBMNEE 3 2 ENMoN T3, 10° M BaP i
10° M Gen 2 A7 & ¥ % &, BaP iT & 3 CYP1AL FEFHE A 0 04H| U 72
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(Fig. 10A). E, % Dai TR Z OIS SNish -7 (Fig. 10A, B), 10°M
BaP Ti3. Gen 2 & 0 BJEKRAICHH S 7z (Fig. 10C), BrBaP Tii. E,
® Gen IZ& 0 CYP1AL o8 AIEI iz (Fig. 10D, E),

@ IL-6

RKIE<—H—Tdh 5 IL-6 i, E, . Gen, Dai TIIFRILIT LF LZ D, BaP
TRAEEEILEDVERESN TS (5)o Gen iF, BaP 2 & 5 3BLAE & REIK
FRIZHE U ey (Fig. 11A, C). E, ° Dai TIRIIGMEM IR D S - 72
(Fig. 11B), ClBaP & BrBaP Tit. E, EOHET TR EAMEM D S5 iz
A (Fig. 11D). BrBaP Tid. Gen IZ & » BEIRFENIZ IL-6 D FEBHH = n
7z (Fig. 11E),

b, BE

HARNTOEWEOER . RET2WERLOBEENEIERE LTENS
;ti»%i 5N 5, APFFETIE. PAHs, KU %D IREIE Y THar O BREES

yEE L TEHS WA oy viElkE, KRV EVTHE A bRV 2 v
EOHEFT A MO Y 2 MEHITED & S S ENH 052~ ATl
PAHs O T&, BaP iZiEH L7z,

FL 2% Al e MCF-7 o #fl i 8 5f 54 5% 12 8 W TIdL Eyv Gen. Dai. BaP.
ClBaP. BrBaP oW d'h &, BT, FREIZERE 205, BEKLEN I 5
JHEEZ MDD B EMbh->TW 3 (1, 5, MR OMEE L D E, MK
ETRE, flAELEYWEO O R b Y = VEEABRRED ohic, £/, B,
MR TIE. Gen, Dai. BaP Tid. & ULAMIHINLE R R %R L7, ClBaP,
BrBaP Tid. &Mz X be Y« VEREMZ D, - T, AfANTH T
Zba Yz MNEHICEEEEZ 5 ENEZ 5N, BaP & Gen T, SiEE
D Gen OEM = L 7chs, BaP & Dai Tl EiEE O BaP T3 OEM I
Dai DFEH DN Tz ic S &1 5 72,

pS21F, TR PE V2 ITXD ZORBLVRNIUVNEE 5, BaP HiR I, pS2
DXH A R I B0, Eyn Gen, F/2id Dal OFET T, SEED BaP

pS2 DRBIEIHIFT 2N H > 7c, TDI EiF %Hiﬂﬁi%'ﬁfiﬁ%@%‘*%c‘:wtﬂﬁ
MTH - 7o CYPIAL R IL-6 DRI LEFIZ, PAHs IR D6 NBBLTH O,
BaP. ClBaP, BrBaP T&m% 5 2 & & L7ch, 4l Gen IZX D £ DRI
FEBH I N B Z Ebro T,

#€ - T, BaP. ClBaP, BrBaP #9425 &, =X b« AMEMITHT S
BEEMBDNRIL DM H -7 Fhoy 1V T TR TH S Gen TlE, TOfE
HZ2IHT 2ERNH S 2 EE8FZ 5hic, AhR %4 U ciEtk Lagiz. ClBaP
X0 b BrBaP s Mt b s (14, HAEMRZ., ThodV U R
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(A) Relative Quantity Chart-pS2
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Fig. 9A, B Induction of pS2 in MCF-7 cells. The values are expressed as
potency relative to that of the control (DMSO).
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(C) Relative Quantity Chart-pS2
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Fig. 9C, D Induction of pS2 in MCF-7 cells. The values are expressed as
potency relative to that of the control (DMSO).
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Relative Quantity (dRn)

©C = N W A DN ®

(E) Relative Quantity Chart-pS2
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Fig. 9E Induction of pS2 in MCF-7 cells. The values are expressed as potency
relative to that of the control (DMSO).

Relative Quantity (dRn)

(A) Relative Quantity Chart-CYP1A1

Chemicals

Fig. 10A Induction of CYP1Al in MCF-T7 cells. The values are expressed as
potency relative to that of the control (DMSO).
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(B) Relative Quantity Chart-CYP1A1
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Fig. 10B, C Induction of CYP1A1l in MCF-7 cells. The values are expressed
as potency relative to that of the control (DMSO).
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(D) Relative Quantity Chart-CYP1A1
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Fig. 10D, E Induction of CYP1A1l in MCF-7 cells. The values are expressed
as potency relative to that of the control (DMSO).
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(A) Relative Quantity Chart-IL-6
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Fig. 11A, B Induction of IL-6 in MCF-7 cells. The values are expressed as
potency relative to that of the control (DMSO).
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(C) Relative Quantity Chart-IL-6
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Fig. 11C, D Induction of IL-6 in MCF-7 cells. The values are expressed as
potency relative to that of the control (DMSO).
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(E) Relative Quantity Chart-IL-6
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Fig. 11E Induction of IL-6 in MCF-7 cells. The values are expressed as
potency relative to that of the control (DMSO).
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