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Abstract

The purpose of this study was to examine the effects of xenobiotic nuclear receptors, CAR, SXR, and PPARy on
the transcriptional activity of estrogen receptor in human breast cancer cell lines and compare with those in human
hepatoma cell line. Two different breast cancer cell lines, MCF-7 and MDA-MB-231 were cultured and effects of CAR,
SXR, and PPAR y on the ER-mediated transcriptional activation of synthetic (4ERE)-tk-luciferase reporter gene were
analyzed. Consistent with the previous report, CAR significantly inhibited ER-mediated transactivation and SXR
repressed modestly whereas the PPAR 7 did not repress the ER-mediated transactivation. However, in breast cancer
cells neither of the xenobiotic receptors repressed the ER-mediated transactivation. Instead, they tend to increase the
transactivation depending on the cell type and xenobiotic nuclear receptors. In MCF-7, SXR but neither CAR nor
PPAR 7 slightly increased ER-mediated transactivation whereas in MDA-MB-231, CAR and PPAR y but not SXR tend
to increase the transactivation of the reporter gene. These results indicate that the effects of ER cross-talk by the
CAR, SXR, and PPAR 7, are different in breast cancer cells from hepatoma celis. In conclusion, the transcriptional
regulation by estrogen can involve different cross-talk interaction between estrogen receptor and xenobiotic nuclear
receptors depending on the estrogen target cells.
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of Yty pGEX2TK-mCAR1S 4% Th, pGEX2TK-
mCAR1 23 E BamH13} EcR102 #2® CARI
cDNAEZ 93 AFaLEZ JE pcDNA3 (Invitrogen)
o AFAIA pcDNAZ-mMCARLS FAFATH THFEA
¥ ) ¢&plasmid?] pCMXSXR, pSG5-PPARr, pPCMVhER
e® RuGAA plasmid, 4(ERE)tk-luciterases> J.K
KemperZ #-E] A 383t}
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= 742 43ehH 2, MCF-73 MDA-MB-2319) tfj 3t
Z2te) o] A vkl e Huso) AgEe §A
311 transfectiono] HA3 wWj¥z7AE FHsdth 9A
Estrogen 4842 w#she MCF-7-KL ME9 wjofA
o] Eagle’s Minimum Essential Medium (MEM) <<}
& 7120 3o 10 ug/ml Phenol Red, 5% charcoal-
dextran striped calf serum (CDCS), 100 units/ml Penny-
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Leibovitz's L-15 7]zuje}lol 10 ug/ml Phenol Red, 5%
Charcol-dextran®. 2 A g]® Calf Serum, 100 units/ml
Pennycillin, 100 ug/ml Streptomycin, 25 ug/ml Gen-
tamycin, 3.75 ng/ml Hydrocortisone, 6 ng/ml Bovine
insulin, 16 ug/ml Clutathione& H7}s}ed wjeFsld)
Human HepG2 A Zujdols 10% charcoal-dextran-
stripped fetal calf serum, 100 units/ml penicillin®} 0.01%
streptomycing % 7}$t Dulbecco’s modified Eagle’s me-
dium (DMEM)S AM&-&tth 2k AJE£ 9 transfectiong $
AMe 9 MEFAME & F 70~80% confluencysl
E23& w Phenol Red, Hydrocortisone, insulin, Gluta-
thione AAT WjFN A 3~5 Y7+ WeaningAlZ) o
24-well plated] &7 80~95% o|4 confluencyd] T&&
w72 ) sk

Transfection

Transfection2 o]u] X1 %[15] Lipofect AMINE 2000
(Invitrogen) W& witem, 24-wello|A wjd 80~
95%0]9l confluencyoll =3+ M Eol thalx, 250 ng
(Hep G2) Z& 500 ng (MCF-7, MDA-MB-231)2] 4(ERE)
tkLuc reporter plasmid, transfection®] &&d| W& nor-
malizationg $3 10 ng/well®] pRL-SV40 plasmid, 2.5
ng (Hep G2) &2 30 ng (MDA-MB-231)9] hERa ex-
pression plasmid (pCMV-hER ¢), 28] Thsgh oF (10~
250 ng)9] xenobiotic & &4 CAR, SXR, PPARre] ex-
pression plasmid (pcDNA3-CAR, pCMXSXR, pSG5-
PPARn)E 7ttt 849 e fi=9 9FE =
AFst7] $8)A 10 nM 17-beta-estradiol (MCF-7, MDA-
MB-231) & Mox-estrol (Hep G2), 5 uM TCPOBOP, 10
uM rifampicin, 20 uM prostaglandin, 58 Z}72+9] 484
ER, CAR, SXR, =z#]a PPARro| ojéld FH7sldoh.
DNAE transfectiongt §- 18-24A|17k0] At o Zrzhe]
A=} P4E AMY MPAeE AP Be AT 4
Azt B WA AL

Dual Luciferase 8MEH

Promega Biotech. (US.A)o|A AFHE Dual Lucif-
erase Assay Protocolo] we}A Firefly Luciferase®} Re-
nilla Luciferase® 243 t}& Z+ AlZo] o3| Firefly

Luciferase®] ZF< Renilla Luciferase®] ZEog 1}Fo]
transfection?] &&zolo] w2 W& AAFozHN Z
sample®] Renilla Luciferase valued] 3t EF3E A3
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Hep G2 AIZofAe] ERT} CAR, SXR, PPAR7 cross-
talk

Estrogen receptor (ER)9} xenobiotic orphan nuclear
receptors?l CAR, SXR, 12]1 PPARrAolol 7154 4
24 (cross-talk)o] UEAE Lotr7] e, UA o]
Aol Bo® ugl go|[16] Hep GHEA Yojue
xenobiotic 3 4=g-A o ojgk ER HAZA S HEE A
gozm H¥2A APAHS FATH FA LA
o) g APz Fo g vuste § Agstaat 59
o}k ¢F 95%9] confluencyd] =¥3% Hep G243 human
ER ZH%5E Wdplasmid, 7t2+2] xenobiotic orphan nu-
clear receptor W&plasmid, 221 synthetic 4ERE-tk-
luciferase reporter plasmidZ transiently cotransfection3}
Ht M EA A= endogenous estrogeno] tARA S A
H QA o] 2AH7] W&ol o] & WAy 9t
Abell A8FA4 o] 9l moxestrol estrogen receptoro] 3t
ligand2 AHE3lch. Fig. 194 Heulel o], ER#
CAR expression plasmidZ Hep G2 4] 5 A9 trans-
fectionA] A& w, 10 nM2 moxestrole AT ZH
estrogen receptor®] vj7jol] 93k 4ERE-tk-luciferased] &
A3o] ethanol3} vl ate] 1008] o)A F7F= ATk (Fig 1A).
oj¢}= &, CARe)| gt agonistd] TCPOBOPE A 2|3}
A< " luciferased] Ao} A3 F7iHA oot wad
A, B Ad9) assay systemo| Al TCPOBOP= hERe ol o
3 ligand7} ofd # oz} CAR7} ERE (Estrogen
Response Element)E &3 promotere] 848 7314
232 omdttl. 3t#, TCPOBOPS}H moxestrolS % A]d)
Aelslg-g we TCPOBOP} moxestrolo] ¢l&] 7+
ER transactivaton®] E#HEZ 70% o]4 HJAstHt (Fig.
1A). ER3} SXR expression plasmidZE FA]oll transfection
ANALE W, 10 nM2 moxestrolo] &84+ ER trans-
activationol] 93} luciferase®] o] 100 v} oA} Z7}1¥
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Fig. 1. Functional cross-talk between the ER and xenobiotic orphan nuclear receptors, CAR, SXR, and PPARy in Hep
G2 cells. Hep G2 cells were transfected with 250 ng of 4ERE-tk-luciferase vector, 10 ng of pRLSV40 for the
internal control for transfection efficiency, and 2.5 ng of CMV-hER ¢ in the presence of 10 ng of pcDNA3-CAR
(A), pCMX-SXR (B) or pSG5-PPAR 7 (C). Ligands were added for 24 h after transfection as indicated: 10 nM of
moxestrol (MOX) for ER, 5 uM of TCPOBOP (TCP) for CAR, 10 uM of rifampicin (RIF) for SXR, or 20 uM of
prostaglandin (PG) for PPARy. The cells were harvested for dual luciferase assays. The values for firefly
luciferase were normalized by dividing by Renilla luciferase values. The standard errors of the mean were

calculated from 3 independent determinations.

UAT SXRe] ligand$ rifiampicinol] ©18)A4}& 4ERE-tk-
luciferase®] @49 F3F& F2 itk (Fig 1B). WA,
rifampicin® hER ¢ o t3} ligand2A 7)%& 82 ¢e
' ofujg} SXRe] ERE (Estrogen Response Element)Z &
78 promotere] B4& £x38A) 2§ ofn|gr). 34
gk, rifampicin® moxestrolg FAlo] HEdgL W=
rifampicinell 2|3t SXRY) activation®] A& ER-mediated
transactivationg of 30% A3t} (Fig. 1B). CARS}
SXR9| transfection Z#}o]| X} A4, ER¥} PPAR y
expression plasmid& F A9l transfection A|ZL wol %,
10 nM9] moxestrolofl ¢]&] 4 ER transactivationsl] o] 3}
luciferase] &4Jo] 1008] o]4t Z7}=¢ A2 PPAR y 9
ligand?Ql prostaglandinell ¢]8) A& 4ERE-tk-luciferase )
B4 9T FA U (Fig 10). webM, prosta-
glandino] hER ¢ o] th3} ligand2 X 7]%5L 3% @& m
otuje} PPAR y 7} ERE (Estrogen Response Element)Z

T3 promotere] FA4& £33 B3 oujsit}. 31X
vt CAR¢} SXR#}= &, Prostaglandine]] ¢}3 PPARy
] activationo] ER-mediated transactivationo= 7¢] <
&g vxA Z3Qd (Fig. 10). 1822, Hep G243 9|
Sio14 ZALE Al 7FA] xenobiotic nuclear . receptor %

CAR7} moxestrold] ¢J3) @438 = ER¢ 4ERE-tk-
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luciferase reporter transactivation& 714 @3] 94319
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3] ER transactivationg Z+AA]ZTh uHE, o)A Hud
ute} Y| 3HA[16], ligandol] 93] 8438 @ PPARy &
ER transactivations] &< m x|z &9hth.

MCF-7 M=ol UM ER transactivationol CHzt
CAR, SXR, PPAR7 9 &%

Estrogendl] 9]$+ ER9] transactivation &35 #u)3}s}
7] $)5te] Phenol Red$} insuling A A3 ujoralo]x ok
3~59 F<¢F WeaningAl71 3 ¢ 80%¢] confluencyol]
23 MCF-7 A 2ol 2+z}e] xenobiotic orphan nuc-
lear receptor Wdplasmid, Z18]1 synthetic 4ERE-tk-
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luciferase reporter plasmidE transiently cotransfections}
%tk MCF-7
€ W¥8l7] £ human ER plasmid DNAE trans-
fectionoll A A} 2} = it} Endogenous estrogen receptor®]
w7l el )3+ 4ERE-tk-luciferase®] &4Jo] 10 nMe] 17-4-
estradiol 3J2)o] 2]3) 15 W) Z7}=)9l. o1} TCPOBOPo| 2]
)M ethanolo] 93t wHg3 zlol7}l YA gttt (Fig.
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%8 HIX 9 weaning condition EE W& transfection &
£ 7198 Ao FAAL Hep QA Ef A= &

estradiol®} TCPOBOPE FA)o] 23 d& wolE CAR
expression plasmid9] transfection o429} A}#gjo] TCPOBOP
7} 17-beta-estradioldl] ¢]8) Z7}¥ ER transactivaton®} &
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transactivaton®] EIFE A4z F& WA A EI}RA
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CAR9] ER transactivationE 39} v}371 3 Prostaglan-
dino] 93 B3l & PPARy 9A] estrogend)] <J3) %3
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Red, Hydrocortisone, insulin, 22|11 Glutathione-& A} A
g gRa A oF 3~59 F<F WeaningAZ) § F 80%9)
confluencys] =83 MCF-7 $49 A Eo) hERe ex-
pression plasmid, z}2+2] xenobiotic orphan nuclear re-
ceptor W¥plasmid, 223 synthetic 4ERE-tk-luciferase
reporter plasmidE transiently cotransfectiond}it}. Ex-
ogenous estrogen receptor®] wizie] 3 4ERE-tk-
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Fig. 2. Effects on the ER transactivation by xenobiotic orphan nuclear receptors, CAR, SXR, and PPARy in MCF-7
cells. MCF-7 cells were transfected with 500 ng of 4ERE-tk-luciferase vector and 10 ng of pRLSV40 for the
internal control for transfection efficiency in the absence or presence (10~250 ng) of pcDNA3-CAR (A),
PCMX-SXR (B) or pSG5-PPAR 7 (C). Ligands were added for 24 h after transfection as indicated: 10 nM of 17-
Bestradiol (E;) for ER, 5 uM of TCPOBOP (TCP) for CAR, 10 uM of rifampicin (RIF) for SXR, or 20 uM of
prostaglandin (PG) for PPARy. The cells were harvested for dual luciferase assays. The values for firefly
luciferase were normalized by dividing by Renilla luciferase values. The standard errors of the mean were

calculated from 6 independent determinations.
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Z7}%191.0UF TCPOBOPe| ¢8| A= ethanole] 913 HrL
3 o)k WA @itk (Fig. 3A). =3 Hep G2 &=
MCF-7 -8 A E o A 2F= &g, estradiol®} TCPOBOPS
Aol A2stde W 50 ngel transfection® CAR ex-
pression plasmid= estrogend] 2ol3] ZF7}H ER trans-
activatonE & oF 15% -ZZAF{ ) (Fig. 3A). MCF-7 &
HAR b= 2, estradiold} rifampicing FA o]
AE|st4S W SXR expression plasmide] transfection &
59} 2@glo| rifampicing 17-beta-estradiole]] 2J3] %7}
@ ER transactivaton®] &35 W3tA7]1A] E&Q (Fig.
3B). PPARy expression plasmidE transfectiond}x] &
Fel = 17- B -estradiol 3} prostaglanding FA)¢ g
39S o, prostaglandin©] 17- 8 -estradiolel] ]3] 5718
ER transactivaton®] &35 oF 25% ZFZAIFH Y (Fig. 3C).
o]+ endogenous PPARy ©#l 2 o] MDA-MB-231 A £9|

2k olz2t estrogend] &) viZfHE A2
23 § ST 7S A gRERY
expression plasmidE transfectionA| - W%
4 ol Z718FA %3l endogenous PPARy 3 5U& %
AEaHe Bgo (Fig 3C). olo) g olf& BHsiA &
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Fig. 3. Effects on the ER transactivation by xenobiotic orphan nuclear receptors, CAR, SXR, and PPARy in MDA-
'MB-231 cells. MDA-MB-231 cells were transfected with 500 ng of 4ERE-tk-luciferase vector, 10 ng of pRLSV40
for the internal control for transfection efficiency and 30 ng of CMV-hER ¢ in the absence or presence (50 ng)
of pcDNA3-CAR (A), pCMX-SXR (B) or pSG5-PPARy (C). Ligands were added for 24 h after transfection as
indicated: 10 nM of 17- B estradiol (Ez) for ER, 5 uM of TCPOBOP (TCP) for CAR, 10 uM of rifampicin (RIF) for
SXR, or 20 uM of prostaglandin (PG) for PPARy. The cells were harvested for dual luciferase assays. The
values for firefly luciferase were normalized by dividing by Renilla luciferase values. The standard errors of the
mean were caleulated from 6 independent determinations.
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