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[Abstract] Objective To establish gene assays for determining (anti) estrogen effect of environmental
chemicals; and to compare the reactivity and sensitivity of two assays with different estrogen subtype. Methods
Human estrogen receptor « (hERa) and hERB mediated reporter gene assays employing firefly luciferase (Luc) were
developed. The expression plasmid hERa or hERB was constructed and transiently co-transfected into LLC-MK2
cells with pERE-minP-Luc2P reporter plasmid and the control plasmid pGL4. 74. Estradiol (E;) and
diethylstilbestrol (DES) served as positive test substances to verify the performance of the assays. The effectiveness
of the assays for detecting anti-estrogenic activity was tested using 107° mol/L ICI 182, 780 under different
concentrations of E,. The performance of the two subtype-mediated assays was verified and compared using
bisphenol A (BPA) and genistein (GS). Results The hER« mediated assay found expression of reported gene at
1.9X10 " mol/L E,; and the largest luciferase activity was shown at 10~* mol/L. E,, resulting in 30. 7-fold of
vehicle control. The hERB mediated assay found expression of reporter gene at 2. 2X 10" mol/L E,, and the
largest luciferase activity was shown at 10% mol/L E,, resulting in 14. 4-fold of vehicle control. ICI 182, 780
inhibited estrogenic activity of E, significantly. In both assays, E, failed to induce luciferase activity without hER-
pcDNA3. 1. BPA and GS induced luciferase activity. Conclusion Both assays have high sensitivity and
reproducibility for detecting (anti) estrogen effect. The pGL4-based hERB has lower sensitivity than the hERe-
mediated reporter gene assay. BPA shows stronger estrogenic activity than GS in hERa mediated reporter gene

assay; whereas, GS shows stronger estrogenic activity than BPA in hERB mediated reporter gene assay.
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7[R — A Ak A AT X I V3R AN [ S 7 7 2 AN [ 1
ERIEE . BHATE Mot ER A A G298 6 F
it 1% 45 5 R 58 A g e =0 R AE 5T ER A
()96 R WF (Lue) $2 5 36 R 58 b, A 06 22 57 4
XFAN A A ER AL i 4 L SE B A, A i 5 DA
YT A B 40 L (LLLC-MK2) S % Yy 21 Jfd L D) 3% kit
Luc st PR, I % 6 2 G 1) O 325 o s 5r U5
W R 52 K (hERo/ ) A T (1 4 15 55 A6 77 3 L JF
W 2% LA S P R 3RO 5 I R D N7 % T 1 DA X
By ACBPA) Ykl AR B B (GS) il 100 0 38 2 2000, 16
UEMEER 52 K A S 10 e 4 R DR A4 A1 0 2k 3R 48 A AL
k.

1 #Rl5R*®

1.1 #e k7 558

LLC-MK2 (Hr [5 B} 2 e |15 A= i B2 0F 5% B 41
Jig %% P Py ) . pGLA. 27, pGLA. 74 (Rluc/TK) fil
pGEM-T (Promega 2\ ®]) . — H & . il (DMSO)
(Amereso 24 A]) » K #FE DH5a (TRANSGEN) ,
BPA .GS(Dr. Ehrenstorfer), E,.ER % 31 5 DES
(Sigma-Aldrich) , ER #5915 ICI 182,780( Tocris) ,
pEGFP-CI-ERB(ADDGENE) , pDONR223-ERq FI
pcDNA3. TG AR f AW A RD o Bk /N v i il
#| £ (TIANGEN) , X-treme HP(ROCHE), CO, #%
=% (THERMO), #r =8 1k 2= & Ot K W R 4
(Berthold) ,
1.2 LLC-MK2 %3 4pp s 55

LLC-MK2 4fi jits H % W 2L ) RPMI-1640 % 57
%& CGbico, # & IR & 100 mL/L 4 iz 4 il 7
(FBS)J, & F CO, M4 (37 C.5% CO,) HE: .,
A0 AR AR K B 80 06 B R AR I AL IR AN S ALY
RPMI-1640 177 5 8 4k 40 ffd . P42 31 8% 5% i 503
LA,
1.3 ZRAYHHEBESHELE

KR MTT % 52 590 19 40 Mo 25 v 3517 59 4k
I Z XY B I A PR T . 7 T25 3 57

Hi ] RPMI-1640 %% 35 3£ f1 100 mL/L FBS ¥ 3%
LLC-MK2 #iifffd 24 h, B iH {40 i . 4% 5L 10 000
AR A 2] 96 fLARHIE T CO, A I E
24 h ARG I 25 (A 8 R (% 1 mL/L DMSO #y 55 37
B AN [F i BE 1 32 ) B ook L B CE, Fil DES 3% 1
AHeEERD 1077 mol/L,BPA 1 GS Zr 9l & 5 ik
M (1 pmol/L. 10 pmol/L. 25 pmol/L,
50 pmol/L 1 100 pmol/L)OJ LI} 107" mol/L.
10" mol/L.10 ' mol/L.10"° mol/L.10 ® mol/L
E, f1 10 ° mol/L ICI 182,780 L[| Y5, T CO, ¥
FAATBEE 24 hoHEESLINA 25 pL MTT(5 mg/
mL) FFAE 37 CHEEFR 4 h, S MTT Jf &L A
100 L DMSO 2 Ji % & 30 min, % 7 45 9 J5 . #F
570 nmAh il W A .

1.4 WAEBREERKXKENETL

1.4.1 MEABEBARGOME TTHEAN hERad/BH
cDNA J7 51|, 8 H Al A B 3R Ik 801K pecDNAS. 1
ok ER A EA; 23N L 3 X ERE JP 41,
W HAH A DO RS R AR pGLA. 27 ()5 3
T W Kpn 1 F Xho T WY 07 f5 b o i T #4 2
ERE 8% /) #f¢ 15 2 [N 84k pERE-minP-Luc2P, i
SUND I S5 T AR N B i i O 11| /G T A
(TIANGEN) , Jf #47 DNA J¥ 51 537 .

1.4.2 meat# g LLC-MK2 4iiE7E CO, W46 1
BiFef b R 9% 24 h SRJ5 H R 2 48 LA, A LM
A 250 pL 20 M B (29 50 000 41 Mg /L) . Kr 5%
12 h B ik: 15 g pERE-minP-Luc2P+5 pg hERa
(5 hERB)-pcDNA3. 1 + 1 pg pGL4. 74 T B T
1000 pLIEFREAE R A W FF 50 pL % 947 ¢ X-
treme HP )il 450 pL ¥5 3R HMi B 2 500 pLfE R B
WK BWMA ARSI E 20 min, B AL
30 p LA HEIR & WM A B 48 LA IRERIR AT L B 57
12 h g

1.4.3 XM EFAMRELABZHGEN  FHY
12 h J5 . % T hERo &S f hERR 245, e 35 )7 & 4
T :1 mL/L DMSO fE5 %5 [ % L E, #il DES &% #
5 4N M BRSO (10°Y mol/L. 100" mol/L,
10 mol/L.10 ° mol/L.10 % mol/L),i& & 3 i
AL AL 3 . FEE Berthold #r 2 fk 2% &
A I ZR G 4G DN 2 O 28 WG PR . R A M S /S I
B T SRR N LAR 1T LA I Luc 3%
PEAE 15 BERES P A Stop & Glo 325 LA A il
Rluc 3% M B ORI B[] 10 s, BB 10 s J5 P4 I
Luc 5 Rluc H-ic 5896 6 R Wi 4L,
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1.4.4 REAR SR ZMAKEMNR(LOD) fo & 14
ey LLC-MK2 4 i 5% 44 J5 L 1 mL/L DMSO
R FINTEGE, A BH X R A A BE ALY Luc/
Rluc {8 . B 5 & W OC R AT i 2l &, K15 1Y
Luc i 5 £ 8 B AL B9 8 s (6 EBD 25 LOD, DX
10" mol/L E, #4748, 7E o]l — 4k L ik & 6 &
fL .22 H Luc #1 Rlue, F7E 3 HAS[A] fL AR &
OR7ERS S i
1.4.5 ER @A LA REKXRXE £ %4 ER %3
# DES. 4247 ICI 182,780 #9#4m LLC-MK2 41
e e J5 L I R A I ER B8l 7] DES, fin A 250 pL
(107" mol/L.107" mol/L.107" mol/L.10™" mol/
L.10"° mol/L)5 A~k B2 6 2 32 i W) 9 A & My 21 119
FE R R A ER $5 407 ICT 182,780, 43 1
A 2 X (107" mol/L.10"" mol/L. 10 " mol/L.
107° mol/L,10 % mol/L) 5 4> ¥ & &6 J& 32 ik ¥y Fl
2X10 Y mol/L E, £ 125 pL. 78 [E Berthold
A2 A A T 28 584G I 2 't 3Rl 0 12
1.5 BPA 1 GS IR EEREFER

BHEL# 1 hERe/B 8 5 L 58 5 2 .
g3 %5 BPA FI GS (1 M BCE G AT R .
1 mL/L DMSO #5255 o 4 B E, 7R IHYE S
MY, W B g & 10" mol/L, 107" mol/L,
107" mol/L.107" mol/L.107® mol/L,BPA F1 GS
WX E N 107° mol/L.1077 mol/L.10"% mol/L.
107° mol/L.5X10 ° mol/L 5 e BERARE , SLIGTE
B 3IANEAL B 3 k., FHTEE Berthold Az
b2 e SRS 22 B0 4G I 2 ' 28 TG 1
1.6 SZitzEHE

Luc 5 5% 1 DU AT ECR /R 98O E G 1
(n-fold) = (S 2 Luc {H/92 50 40 Rluc fE) / (i} &
2H Luc {H/X%} B 2H Rluc {8) ., ] GraphPad Prism
TR AZ Y M R TG T ECs, (G2 12 B0 34
WD . R F R A AL ] 22 5% .a=0. 05,

2 HXR

2.1 HMEBEHERNER

W R TR E, \DES 7E i 50 vk B T 35k R B
H 20 R P T A5 8 O BE A 5 X RRZH A L, 22 5
T % it % B L. P > 0.05); BPA 1 % &5 ik B
100 ol / LAL W45 (4 W 5 B2 {8 55 % A A 1L, 22 5%
G2 L (P<<0.05) . 4 — & MM .
2.2 ETFhERe MIREERXK RS
2.2.1 LOD A ELF KK RGE DX E 1

LOD {4 1.9X10 " mol/L,
2022 FA4M WMNERRECNA 2%, 1E3
FLA 3000 7 5 T A 5 AR B A S RO 9. 30,
WE MITHERNNSHOAREEGEs
Table MTT test for detection of cell toxicity (x=%s)

Chemical Dose Absorbance
(pmol/L) value
Control 0.19+0.02
E, 0.1 0.19+0. 04
DES 0.1 0.19+0.02
BPA
1 0.18+0.04
10 0.18+0. 04
25 0.19%£0.03
50 0.19%+0.02
100 0.12+0.02*
GS
1 0.19+0.02
10 0.20%£0.01
25 0.19-+0. 02
50 0.19£0.02
100 0.19+0.02
10 pmol/L 1C1182,780+E,
10764 0.2040.02
107%4 0.190.03
10714 0.20+0.01
10734 0.20-+0.02
1024 0.20+0.02

* P<C0.05, vs. control; /\ Dose of E;
2.2.3 hERa Fabxtm E, sH# 245 B £ %09 H 2
P GE AR FE YL 7 R F 3K R hERa-pcDNA3. 1 [
LLC-MK2 #i il , 76 WAL BE IR WL E, 5% Luc %
ik, m A Yt hERa-pcDNA3. 1. pERE-minP-
Luc2P Ml pGLA. 74 = Fp AL J5 FHR A ¥k B E, Y
LR B8 1077 mol/L M E, FFIHER Luc B3R
ik 7E 107" mol/L W BE B Frif5 3 1Y Luc ik 5%t
PR 25 A G it 2 L (P<<0.05), B&E YL
WM T E, BT S 1 Luc 323Kt 16 A1 1Y A 3
L AE 1071 ~10° mol/L ¥k BE T i 2 1 Luc £
K5 X AL 25 A Ge b L (P<<0.01D), 7E
10° mol/L 35 31 55 KAA , 5 7 A% B0 0 % 570 x5 B
30. 75, H ECso i 3.5X10 Y mol/L., WK 1.
2.3 EThERpHREEERXK RS
2.3.1 LOD A& IEEIRAE RE DX E, 1)
LOD i/ 2.2X10 " mol/L,
2.3.2 EAM WMNERZRECKN6.3%., fE3 8
FLAR F D 75 A A, FEAR R AR S R Bl 13,40
2.3.3 hERpMM*RBE, stk 4 A B 4 %8 A
MEBAE N Y 2 R R IR H Rk hERB-pcDNAS. 1
1) LLC-MK2 4 g , f/E SR EE N R UL E, 5% Luc
3k, M 4t %5 Y hERB-pcDNAS3. 1, pERE-minP-
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Fig 1 Effects of E; on hERa reporter gene luciferase activity

% P<C0.05, % % P<C0.01, vs. DMSO group

Luc2P F1 pGL4. 74 =Fp Bk G FIAS R BE E, Ged,
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Fig 2 Effects of E;on hERP reporter gene luciferase activity
* P<C0.05, % x P<C0.01, vs. DMSO group

2.4 ER WMITEEFEEERIRE RSEX ER B 3) 7
DES . ¥ H1 %I ICI 182,780 )} K&

WE 3 7 . B hERe iz 25 P 50 07 v A I
DES M 10" mol/L 2, 5% 1 Luc FiE5 5 Wi i
TE10° mol/ LI (475 A5 B X B2 Y 24,1 £,
EC: 2/ 3. 7X10 ' mol/L, DES S Luc #ik
T E iESM Luc ik, CHIM ER #$i7] ICI
182,780 7£ 10 ° mol/L ¥ £ T A& 5¢ 4 9 il A W] vk
JE E, ik, DL hERR 45 3% PR 5y e 4600, 5]
W) DES 531 Luc RiAMEELT E,.DES M\
10" mol/L &, i § 1 Luc 33K & ¥ 34 5k, 78
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Fig 3 Effects of DES and ICI 182, 780 on hERa (A) and hERB (B)

reporter gene luciferase activity
2.5 E T hERe REEBEKK 5 E KN BPA 1
GS Byl B & i

WE 4 B s, A UL AE W 52 v BE i L I BPA AN
GS ¥ 5% Luc W33k, H W AP 32 3804 ¥ 78 W 2
31077 mol/L B FF 115 T Luc 33K, M 7E W N
5X10° mol/L(Ef 10 ** mol/L) 4t 3k 8 & KiE &
R 520 W 50 S-S 6 R . BPA R MR I
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= 50}

=z =K,
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E-' § 30} &GS S
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Fig 4 Effects of BPA and GS on hERa reporter gene luciferase
activity
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52 ER B A9 i L 30 0 40 il LLC-MK2, 75 32 4K 5%
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R AR IA . [ B R s A e Oy vk B R
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AWESE hERB /i T i e 5 B il I R h L E,
AL 14, 4 5 T AN BRI Lue 323k, B A%
F hERa e 53K R4, 0 H A B0 8 37 0 & 3
K &Gk BPA fil GS,hER« &4, BPA kAl
W 36, 7T A5 T A AR Lue ik, & T GS 1Y
11. 9 % ; hERB &4 H . BPA & K& 5.5 5 F
BRI IR B Lue 235 KT GS Y 13,3 f%. Al RE
i DR 2 M 98 3% 32 A 79 ST 7R A S AL e 98 3R S g e A
(ERE) . 4 F] T4 B0 R 1Y) 55 8 R s i 1

TE 35 3o A i T A 485 4 3 DA 32 A v S = 0%
— i AR 22 3] D I 3 BT A2 R 6 AN [ )
RZ KRR AR S G MG SIEN . ARG
5 Frigo™, 56 F BPA MM B &R T Yo n A #i T
TR ol M 9 2% A2 A DA R A P R U AR .
Ah . 7E hERo #2425 5 I &R 42, BPA A B = W 48 Uk
BERT S SO B, AR E, 5 i i A58
(10~* mol/L) ) 120 % , HIBL T B & A9 “ B BR " BL 42 .
Sun Z£5 88 225 BPA 78 10 ° mol/L L F ik H
TR, R HREE AT REE , BPA 5 N ERa
ZWANT E, & MG S 158 R A MR & L3
AR LA HAAE 5 4% 38 Ty =X, X 7 T B AL A 5
A TE 4 A TR — 2P M IE5E .

AHIF 5 30 2o HE 37 MEV R 2 /K hERa/B A 5 1 2
6 F B A S, JF TR BPA FT GS AL
SR 1 HR A T AR AL B W X I T AT B A
B 45 35 R 6 ) RS . (R A 5T K S
45 56 PR 56 28 0 FH 1 vE 9 5 %) PN 40 T e
R0 i A FH ARG 0 3 B 4 Ak I 0 £ ) kR S KRR
P PN G WA T PTG e L 25 SR A AE — 0 1Y R PR 7 2
— LI IE . AWFRRAE T pGLA R 51 15 3 [
ZAKI R, Tk EDCs I ik — 4 #F 58 41 U5
PR AL 2 %o it 2R A2 MRS [a) 2 78 ) T 4R 4 S [RD B
XA JEAE AL A ) FOLE R 3R T M RN R D At T
A EE IR AR .

2 £ X W

1 Changa HS, Chooa KH, Lee B, et al. The methods of
identification, analysis, and removal of endocrine disrupting
compounds (EDCs) in water. ] Hazrd Mater,2009;172(1); 1-
12.

2 Kuiper GG, Enmark E, Pelto-Huikko M, et a/. Cloning of a
novel receptor expressed in rat prostate and ovary. Proc Nat
Acad Sci U S A,1996;93(12) :5925-5930.

3 Gaido KW, Leonard LS, Maness SC, et al. Differential
interaction of the methoxychlor metabolite 2, 2-bis-( p-
hydroxyphenyl)-1, 1, 1-trichloroethane with estrogen receptors
alpha and beta. Endocrinology,1999;140(12):5746-5753.

4 FER, EEAR, AIERS. BT UL R MY SR Hela 4
SR RS DN vk 1 A ST B LA K R e B N L 43 A DU 4t
FA,2012531(11) :1455-1459.

5 Kojima H, Katsura E, Takeuchi S,

estrogen and androgen receptor activities in 200 pesticides by in

et al. Screening for

citron reporter gene assays using chinese hamster ovary cells.
Environ Health Perspect,2004;112(5) :524-531.

6 Taoda N, Shinji E, Nishii K, et al. Fucoidan inhibits
parainfluenza virus type 2 infection to LLCMK2 cells.. Biomed
Res,2008;29(6):331-334.

7  Frigo DE, Burow ME, Mitchell KA, et al. DDT and its
metabolites alter gene expression in human uterine cell lines
through estrogen receptor-independent mechanisms. Environ
Health Perspect,2002;110(12) :1239-1245.

8 Sun H, Xu XL, Qu JH, et al. 4-Alkylphenols and related
chemicals show similar effect on the function of human and rat
estrogen receptor ¢ in reporter gene assay. Chemosphere,2008;
71(3):582-588.

(2015 — 05 — 09 W H 2015 — 09 — 04 & [a)
dwi I



