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Suppressive Effect of Soy Isoflavone on Estrogenic Activity Expression
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ABSTRACT

To compare estrogen receptor-binding activity of environmental estrogens, their
50%- inhibiting concentrations (ICs) on the binding of 178-estradiol to human
recombinant estrogen receptor 8 were examined. In addition, estrogenic activity of
these compounds was examined using human mammary cancer MCF-7 cells.
Among soy isoflavones, ICs of daidzein was 107 M, and its maximal proliferation-
enhancing effect was observed at 108 M. On the other hand, ICs of genistein was 5
X 10® M, and its maximal proliferation-enhancing effect was observed at 10° M,
though it exerted strong estrogenic activity at 10 M. In general, there was a positive
relationship between ICso and the concentration giving optimal proliferation-
enhancing effect, with some exceptions. In addition, we found that daidzein,
genistein and luteolin not only inhibit the expression of proliferation-enhancing
activity of environmental estrogens, but also strongly suppressed proliferation of the
cells in combinational uses. These results suggest that studies on combinational
effect of environmental estrogens are important for the clarification of biological
meanings of the compounds. Soy Protein Research, Japan 4, 123-128, 2001.

Key words : MCF-7 cells, isoflavone, anti-estrogenic activity

ERBIUBRERICEIHLOBERVEVDSHFEL T AMOFUVESEFFTLIERRESATVS
Thh, WEBHOALAL ST FORNSWREHEAT A%, MORBEHELEYE & LT % L HERICERED
LUEEMATRENTVEY, REFOLVTITERUY ZWZENS, KEAY 7 IR ORERLET S
OEHRFHOIPEER SN TS, F2C, WMLE
*T 812-8581 A i BRIX FHIEF 6-10-1 BRNVE VEGEFMT S 720 bELATA MCF-7 #

AE-ABEHRRE Vol 4(2001) 123



Ja % H 7283k L € ViR EROREL 21TV,
daidzein 3 & U genistein 25 10° M 34 THHW LA b
Oy ERERBET AL eI, REARLVE
YOIA bay AEEIGENHCEET AL A P
rFUSBEREOMERAYELTRETADT, Kbt
eIl A DBERLVEO A MO /A
ADFEEHEE A b ay VIREORBIC O WTRET L
7o 1o, KA VI IRYDPIANOY V EDHES
ol U T AEA 2 T s IRE ST
WABEDTYN TTR A4 KERERIVE Y DOHENER
IOV T ORET L7z,
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Daidzein, genistein, quercetin £ & UF luteolin 7
DTSRI 4 FIET Yy a3 (BR) &Y, 178 -estradiol,
diethylstilbestrol, 17¢ —ethynylestradiol, tamoxifen,
mestranol, clomiphene % & U methoychlor % Sigma
#: & b, 4-nonylphenol, 4-fert-octylphenol, 4-eth-
ylphenol, 4-dihydroxybiphenyl, bisphenol A, 2, 2,
2-trichloroethanol, p-nitrotoluene, 2, 4-dichlorophenol,
phloretin, chrysin, biochanin A, apigenin, naringenin
B & Uflavone % Aldrich £ & Y, formon-onetin,
equol, coumestrol B £ U kaempferol |3 Fluka %1 &
1), benzophenone, n-butylbenzene, bis (2-ethyl-
hexyl) adipate, cyanazine 3 & U'chlordecone i3 #1
TR L DA L.
IX FOFUSERADESREORE

fieDBERLVEDOL P T A MUY VRBEEREE
BE (& Garrett et al. @ 7 912 L 72 %% V>, inhibition
ELISA #% W T4T» 72, Estrogen-conjugated 7 &

MiE7 V7 3 >, 4 FH estrogen 1gG B L L+
F 3y — PEHRH Y ¥ IgG i Sigma it L DERAL,
Yay¥F e b T AMOS YZEES I Pan
Veraft L DAL,
I X bO4F2EEORIE

v BRI (FBS) & Bio Wittaker #£ & D AL,
WHE S O HENT L Y IEERAAEIMFZHRL 2.
MCF-7 fifan¥EB L =X b a5y V{HEOHEE &
S OFEVICHE L TITo 72205, MBEOREIZS
% T sulforhodamin-B Ze 6% & v TR Z
FHm L 7z,

BREEE

BA2OREERNVECOIR OY U REEANOHEEHRE
EXI R MOFVEMN

178 -Estradiol ® & + TA b 07 ¥ ZEENORHES
WZRIZT 75K 4 FIRAEEOFES Table 1 1II7RLZ.
KEFWZRWEENE 2HDA V7 TR, daidzein
B X Wgenistein TV ¥ 10°MELLDIRET178-
estradiol D T A N 05 ¥ ZHEARNOH & % R EETF
FICERSE L, 107 M T ORI TR aEZ 50% |2
BFT&aEL., 79K = VO—#TH 5 quercetin i
AV 75K ERMMICIOCCME Lo gE TI178-
estradiol DT A + B4V ZHENDFEE = B BT
BICHEE L, 107 MATEOREREB CHEGE X 50% 12
BET&EE. —F, 79 KO—HETH5 luteolin &
108 M Ll EoEE CRAEESEE R L, 50% HER
B (ICso) 1X10°MEIT & TH o 72 Z DFE R,
quercetin b4 V7 IRy EEED A by v ERE
AAEEEE L AT 575, luteolin DFEEREE 3D 7 T K
JAFRDGD1IBETHAIEERBEL TS,

Table 1. Estrogen receptor-binding activity of flavonoids

Conec. Relative amount of ES bound to hERS

(M) Daidzein Genistein Quercetin Luteolin
101 100 =0 100 =0 100 = 2 100 + 2
1071 100 =0 99 £+ 11 98 + 3 100 £ 2
10°° 93+ 0 90 =1 88+ 0 100 + 3
108 70 £ 2 65 =5 76 £ 2 86 £+ 0
107 52+ 5 40 £ 2 57+ 3 80 + 2
10°® 3B=x2 32=*1 43 + 4 67 £ 9
10° 251 2290 300 50 = 3
10 18+1 14+0 24 + 2 32+ 2
1073 9+3 9x2 19 £5 25+ 6

ES, 17B8-estradiol; hERB, human recombinant estrogen receptors.
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Table 2. Estrogenic activity of flavonoids

Relative amount of SRB bound to MCF-7 cells

Conc.

(M) Daidzein Genistein Quercetin Luteolin
1012 1.0 £ 03 1.0 +03 1.0 +£0.2 1.1 +0.2
101 1.0 £0.2 1.1 £ 0.3 1.2+ 0.3 1.2+03
1071 1.2 £0.1 1.24+0.2 1.7 £0.1 1502
10° 15+£02 14 04 20=x0.2 22102
108 2001 16 0.1 0.5 £ 0.3 1.8 £0.1
107 15£0.2 1.7+ 0.2 04 £0.2 05+x02
10°° 1.2 +01 1.9+0.2 02+01 0.2 x£0.1
10°° 05=x0.1 1.1 +0.1 0.0 +0.0 0.2 +0.1
10 0.3 +0.1 0501 0.0 £0.0 0.0 £ 0.0
103 0.2 0.2 0.2 0.1 0.0 £ 0.0 0.0 =00

SRB, sulforhodamin-B.

Table2 2N B 4D 7K/ LA FOTLA oy
YiEMEE R L7z, Daidzein 1 10710 7205 100 M DR
FEIH T MCF-7 M O35 22 L, 10° M Tl b |\
HMAREEE R L7248, 10° M Dl Ecidiiaisrt %
/R L7z, Genistein OEFERAER RILEHEIZ 101 M 2
BT, R OMEBERERHRIE 10°M TR N, £
7z, MiBEEEYEE 10¢ M LLE TR o 517z, Quercetin
B & Uluteolin 13 10° M Th b & VB FEILEE T 2 7R
L7728, MREWNA YV 79 Ry LV IKIBE» LAD
5, quercetin & 10®° M LL_E T, luteolin X 107 M
BLET MCF-7 Mg Aot L sl & L < 3381
HEmRLz. M EokRIE, quercetin B £ U luteolin
PREAV IRV EVKRBETIA by ihELE
B %0, MCF-7 fifg it b & D IRRED H5H T
BT EERLTNS,
B4OREFVECOIZ MO ZFRFRAEET
A hOg 2 iEHE

KIZ, WA DOREFRNVEYDIA DOS ZEERE
BHEB LT ba s LiEE KB L7 (Table 3).
IAMOY U ZHEENOREAREIEICo T, TR FOy
E RS OWEREIFECRD b NRE L £ 0
BILIZ B BRI EEE TR L., AESELZZ b
7T & B 178-estradiol 13 10° M T MCF-7 i o
WG % 2.2 1512 L 7297, diethylstilbestrol i 10°°
M @ 178-estradiol DZEENDFE% 4 X 10°M T
50% PHE L, 178-estradiol & [@% $ L < IZ&E Tl A
BiEHEAR L, F7, TA TSR D 10°M T

35 ICMCF-7/ g o 5 % 2 & L 72, 17a-
Ethynylestradiol, tamoxifen, mestranol 3 X ©F

clomiphene  10"M LT D ICso 52, H7 0 iEwW
EEEMET AT ALY RBEEINS, L2L, ZA L
07 2 iEM T 17a-ethynylestradiol 77108 M T 2.6 f&
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EM N BRWESEE R LWL, o 3FD A
MO EEIE L) mRE CHEBLL, MEIRERED
L4 EUT oW D TH o 7.

A7 73R ¥ Tid daidzein B & U genistein (% 107
MAj # ®©ICso % 5 %2 72 ?%, formononetin £ O
biochanin A 13 10° M i D% 52, 7% U EHE
PR T & AURIE S 7z, Formononetin O LA b H
7 iE M genistein & ) B TFFHWRE TH - 7295,
biochanin A X 10* M g2 T 1.3 {512 £ O BFEIEHEE
BLARET, TA MOy VEFEREFIZHVEOT
Hole. AV 7 ITKYOEAERRBIZLDAEL S
equol DT A + U5 » ZERERADHE A EE I biochanin
A LD EVERDEO bR, A NS U EER
biochanin A L 5§\ DTH - 7-.

7 7 K VT chrysin 29 b K\ ICso % 5 %,
apigenin 7' b BV [Cso %R 5- 2 724, 2o D L&
Yoz A hahy o &I T L b —FE T, luteolin
b KR E T MCF-7 Ml lg o 35 % e L 72,
Apigenin D LA a5 Y iEEE 10° M BIR O miEE
FEIIZ BV TORED 5705, REREIL 265 L
O EWREFRES R LN, 7T R =D ICxn i
5 X 10° M D 7% ) @ iREFRISIZRED b M), =
A b a g EVEDRRS b7 DI quercetin @ 10° M
{2xF L, kaempferol TIX 105 M & K& R EWIHED
bz, L Leds, {RERMREIT quercetin T 2.0
&, kaempferol T23BTH Y, RSN A by v
EHEE LR

FOMOEREE AR VT TlE, 4-dihydroxyphenol %%
10 M, 4-nonylphenol 3 & Fbisphenol A 3108 M D
RRE T POy AEELRIL 7. AfaEhEieE
W24 L L o1t & % 13 naringenin (2.6 ),
cyanazine (2.6 %), 4—tert-octylphenol (2.6 #%), bis
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Table 3. Estrogen receptor binding and estrogenic activities of environmental estrogens

Receptor-bhinding

Estrogenic activity

Grou Compound i i
P pou activity (ICso, M) Optimal conc. Relative cell
(M) number (fold)
Pharmaceuticals 175 -Estradiol 1010 929
Diethystilbestrol 4 X 10710 108 35
17¢ -Ethynylestradiol 5 X 10°® 108 2.6
Tamoxifen 3 X 10° 107 1.4
Mestranol 4 X 108 10°¢ 14
Clomiphene 1 X107 10°® 1.2
Coumestan Coumestrol 4 X 10°® 107 2.0
Isoflavones Daidzein 1 X107 10°® 2.0
Genistein 5% 108 10°® 19
Formononetin 1 X10° 10° 1.9
Biochanin A 1 X 10° 10 1.3
Isoflavan Equol 1 X 10°¢ 1073 1.4
Flavones Luteolin 5 % 107 107 2.2
Cheysin 5 X 10 10 15
Apigenin 1 X 10° 10° 2.6
Flavone 3 X 107 106 1.7
Flavanone Naringenin 3 X 107 10° 2.6
Chalcone Phloretin 7 X 107 107 1.4
Flavonols Kaempferol 5 X 10° 10°° 2.3
Quercetin 5 X 10° 10°° 2.0
Pesticides Chlordecone 9 X 10°¢ 106 1.5
Methoxychlor 2 X 10* 107 1.2
Herbicides Cyanazine 9 X 10°® 10°® 2.6
2, 4-Dichlorophenol 3 x10* 10° 1.6
Alkyiphenols 4-Nonyophenol 9 X 107 108 2.1
4-tert-Octylphenol 9 X 10° 10 2.6
4-Ethylphenol 8 X 10* 104 1.1
Polymerizers n-Butylbenzene 9 X 10 10 1.8
Benzophenone 5 X 10 10°® 1.3
p-Nitrotoluene 2 X 10" 10°° 1.4
Plasticizers Bisphenol A 5 X 10° 1078 2.1
Bis (2-ethylhexyl)adipate 8 X 10° 10° 2.3
Others 4-Dihydroxybiphenol 5 X 10 10°® 2.3
2, 2, 2-Trichloroethanol 3 X 10* ND ND

ND, not detected.
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Table 4. Combinational effect of environmental estrogens and flavonoids on proliferation
of MCF-7 cells

Environmental Relative cell number (fold)
estrogen None Daidzein Genistein Quercetin Luteolin
(10¢ M) (10° M) (10 M) (10° M)
DES (108 M) 3.50 = 0.23 3.40 £ 0.10 3.38 + 0.08 3.38 £ 0.11 3.40 = 0.10
EE(10® M) 2.60 = 0.10 2.00 = 0.07 1.75 £+ 0.06 255 £+ 0.10 2.20 = 0.10
Tam (107 M) 1.40 &= 0.10 1.38 = 0.04 1.20 = 0.11 1.40 £ 0.09 1.37 £ 0.12
Mes (106 M) 1.40 = 0.09 1.25 + 0.07 0.95 & 0.07 1.10 £+ 0.09 1.00 = 0.05
Clo (10 M) 1.20 + 0.09 0.85 = 0.07 0.64 =+ 0.07 1.10 = 0.09 1.00 = 0.05
NP (10®* M) 2.10 = 0.10 0.56 = 0.10 0.48 £ 0.03 1.50 £+ 0.11 0.63 £+ 0.08
OP(10°M) 2.60 £ 0.10 0.67 £ 0.06 0.55 = 0.09 1.20 £ 0.13 0.63 & 0.08
DHBP (10 M) 2.30 £ 0.09 0.63 £ 0.08 0.40 &= 0.07 1.95 + 0.08 0.85 &= 0.05
Bis A (10®* M) 2.10 = 0.08 0.60 + 0.05 0.55 4= 0.08 2.00 = 0.10 0.70 = 0.10

DES, diethystilbestrol; EE, 17a -ethynylestradiol; Tam, tamoxifen; Mes, mestranol; Clo,
clomiphene; NP, 4-nonylphenol; OP, 4-tert-octylphenol;, DHBP, 4-dihydroxybiphenol; Bis
A, bisphenol A.

(2-ethylhexyl)adipate (2.3 /%), 4-dihydroxybiphenol  FHAREXI R 2373 & N 7B E THM L 7. Diethylstil-
(2.3 %), 4-nonylphenol (2.11%), bisphenol A (2.1 bmmﬂ@m%Mfwmpvwﬁmﬁﬁwﬁﬁ%35ﬁ
B &Thol:. ZL{OREHFIVEL T, ICo T AR L7285, 798/ 4 FRETIZBVWTL A%

Sl LT A MO URBEEEAEL A MO VN BB EERIRERE L 5,17 fethynylestradlol

HRBIEE L ORIHBEBRIERD S NT205, i b DHEHERER) R genistein, daidzein 3 & U luteolin
TLOHLEZWEELHD, ZNHD{LEWIIBLT OEFET CRTTA2EEIFED LN, T2, Thbd
A MCF-7 ffg e R R OEFUIT A ba s> 3fE ®» 7 7 K /J 4 F & 4nonylphenol, 4-tert-

ZBEENOREEUHNOEFOHE LTnwA I EAURE  octylphenol, 4-dihydroxybiphenol # & UF bisphenol

R YA
75K AN EBRERIVE OHEEER
KEAVTITRy 2 EDT IR 4 FHPPEBEEAR L
TUEMAERBETAPEPIIOVTRT 5720, 7
TR A FEREDRVE LV OMEERICOW TR %
17> 7z (Tabled). 77K/ 4 K& daidzein 8 X OF
genistein X E d L {1 FHITHE U 2 5B X0
PO N7 108 M %, quercetin B & OF luteorin &5
B O BEFEAR AR R AR S NI 10° M A3 L 7. o
REAVECEHOFEMRICRSD LIRFNIHEL 58

£

A ORI ERN R ORI & S\ L7275 T
%nl, »ProTHREEE &L LarLiedh,
quercetin DREMIE NS DBRIER VTV OEHER
WREGFBREG 2 2ol TNLOFEERIE, B
RIVE GEEET B AW FREEIER L7
B, DWICEGIICERT 57200 T, #ofel
%%ﬁ?%i—ﬁ%%;c*m LTWwA. Lot
T, BRERVE Y OEEREEEOES L U2 0E
E%%ﬁwmﬂ%ﬂb% , BERVE Y OMEER
KT PR RTH L LEDbNS.

)

g@ﬁﬁ$w%yﬁn&mmmmtzblxbufyﬁ%ﬁwwﬁA%m%E$T5%E

(ICs0) KD ABZ L&D,

KT A daidzein 13 10 M HifE Th
ENBEOENE LR ST

10°M TN, D ICsn1E5 X 108M TH » 72.
JUZIEDOFE AT
7z, daizein, genistein & % it luteolin @ ¥ 0 {Z

PEZR IR RS & ICs0 B & DRICL
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BREARVEYOZA POy ke DS
t MELOTABE MCF-7 B2 BT A by YiEHoFE mEiT- 7. €
BOIAMOSUEEERL,
. —7, genistein (& 10 M T 58V i

BEx IR L7z, £72,
DR, REAVT T
ICso 1% 10" M H[ATH 5
WA RT P EEOTA P EER
FOMOBERLEYTIE, TAPIF U
Do LA, BETofNbRBRO LN, £
2 & 1) 4-nonylphenol, 4-tert-octylphenol, 4-
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dihydroxybiphenol 3 & Uf bisphenol A @ MCF-7 Al 85 {R G O BB T2 IHR b 72
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