WRIOVT AT |

P W BEEL T E A trazine i3 SF- 1 #EEYEIC

7w — Lyttt e $ 845

W mE, SR, MR MY, GG E-mY, w0 m-U, ARm B

1) NUNKEARZBE AT S el Aft
2) BAMZMAKEEREYZRER
3) NUNKZRZREEZHRZRE

LI

BrEH] DatrazinelIRE CTHRBHOBRERTH D, B
ZHLLMRFTOIRBHEEZEZ ONTVS2S, ZOMEH
DRFEOCY, WHFOMHPIH L. TIERKIKDD
Sl bH Y SNTHIALFWEELT [1], ZDLH
G E AT TV ORI WD 2 50, LR
SESELWEL RITTWERENREINTYS [2].
AtrazineAtaromataselifth ® EAAVEH EZ AL THA S T
DAL, REHGRAEEZ G &R 2 3R S
NTW 57, aromataselith® LHICH L CIIRHD H
5. —HTE, e MIBWTORH TR L OMEE
RS 2 HEER TR b u s AR & OB T, 20
KRG L 9 L OBR [3] Ratrazine$i& T30
FBIZ BT 2 EROFNVEEOFAEL4 1F DR S,
BaInTwb. Sh, bivbhid, chloro-s-triazine
S DOBREH|TH batrazine/shimazine I ML BB IC X -
TldaromataseDIEHALZFI I T2 L, Thbb
SF-1/Ad4BP (LLFSF-1) @O @EFIAZ OEEALIZIE
PHTHDLZEEZRWHELADT, ZOHREOMITE &
BIZHET 5.

wioOR

Hivb UL LAET, NIH3T3MlIZSF-1% @z 78 A L
72 % 12 B v T, forskolin l& SF-14K 4F % aromatase
promoter II (ArPII) itk V3725 —¥7 v kA1
X)) #lmdy s R LA L2 [5]. 4,
56RO N WS E O b, TORICTHTS
ILFEMEPHFEET H2hEP TR L. TOHE
atrazine/simazine s, NIH3T3#f§g (2 B i} % foskolin il

EARSE C MNERBOZ, TN RS R EEBEE 20F 7% b o RE ) Al N R
T812-8582 fm i BRIX B iLi3-1-1

TEL: 092-642-5276

FAX: 092-642-5297

E-mail: yanase@intmed3.med.kyushu-u.ac.jp

BT COSF-MEKAFEArPIIE B 2 S 5 1R § 5 &
EWHIH L. B0 0 2 (LS L HTSF- 1K
AN ArPITR BE M & I BEARAF VR (S 3aR L 724 (01
A), 10°MIZ BT B Z D 13 foskoliin LMD M E X 1
LT8O THo7 (M1B). F72, NIH3T 3 Milwic
SF-1% 583 E A L 2 1F M, atrazine/simazinell X %
ZOX) REBIEFEDOO N o7 (K10).

FERORE % b bV EH J 5837 L Zzaromatase 3 Bl
MR TH 2 MIIEBFREABKKGN [6] &t bl
R RS RE s AR H295RMIIE 2 W CTIRET L 72, Z ks
B TTIChbbEEPHREL TS LI [7],
KGN#IIE Tldatrazine/simazinelZ & % ArPILIG M D 356
RRDED b N o 7255, H295R (RIEEAIE) <l
BE#H [8] @ & B Y atrazinelZ & % H295RMM fg &
aromataselfTED LA ZEE LA (M2A). TO@EOH
fCHRT 2 2% Ma 3 % 20 CHREOSF-1588 &
#RT-PCRICCHEME L7z & &5, H295RTIZKGN
MBI, R60fE O NIKEESF-10 R I 2 80 72 (X
2B). F7-Western blottinglZ X 2EHALRNIVIZBIT 5
W THRETH - 7.

FITTT /) IA4NVRICX BIHR % H W TKGNA
fElZAdx-bSF-1 [9] ZJEFHEA S SF-1 % WFI5E
&7k A, atrazine/simazinell & 1) P450arom
mRNAL NV, 7avy =itk L Nvd (K3 A)
EHREZRDI. —F, T b= DAdx-lacZOFEH
HBATIE, DEoRRERDONLEIro7 Thbb,
SF-1D F B & O B £ v atrazine/simazine (2 X 5 %
aromataseiftfn T O S % ME S 185 2 L 29H B L
7z

KRICH295RAMMNEIC B1F 5 ArPII 7 B E— ¥ — & SF-10
MHEAEH 2B [10] o & <, SF-1HkE H w7
Chromatin Immunoprecipitation assay (ChIP assay)
I2T4T o 72. 10°M atrazine/simazinel310°M forskolin
FEMBDTIE o720 D0, SFI-ArPIUOMHEANEH %
Wik 5 2 LB L7, F7aromatase promoter 11
AKbD RBERE % W72 G 55, ArPIIO-516bpli

BALTEADWERMEE (2008) 11 :49-52 49



W B Al

(A) (B) (C)

SF1-RTFIEAPISEIE D& (2 Forskolin & (&R H &% Atrazine/Simazine & SF-1

Atrazine B (Z1kTE

EIRTICBVTDOAHAEMEPI
% HEh

B Atrazine Il Simazine

— Ny

o S
o
&

gl

= g ]

%

[ee]

o
~

Relative Luciferase Activity

ol

2.50

2 r|
0.60
0 0 [f

O ocDNA (no SF-1)

s L L

6.98

} 5.56 5.55

[ep]

N

AIAOY 9selayion aAleoy
S

il

DMSO 107M 108M 105M SFT +

DMSO

+ o+ o+
EtOH Atra Sima
FK@otm)  Simaosm)

DMSO Atra(iosm)

K1 atrazine/simazineldNIH3T3HEBZ(C 35 TSF-MRTFMEICAPIERE TG % #8587 3.
NIH3T3#HA2 (Z ArPIl-Lucif UM iZpcDNA3.1 (control) & % LM IEpcDNA3.1-hSF-1 &=z F&EA L, IV

TJI7—E7vtEM1 5T/

(A) REM&TFME (B) Forskolin& MIAFELLE (C) SFIRRBANDEETOLER (LFMERER

10°M)

(A) (B)
Atrazine/Simazine ld H295R D ArPII i& % AEM SF1 mRNA
tREE3 (SF1DHEMSRER L L) (Real Time PCR )

2
2 30 mari-Lc 52 60 383
f@f 25 50
E’ 2.0 40
S 15 30
—
290 20
®
K 0.5 10 1.00
0 0
DMSO Atrazine Simazine H295R KGN

2 (A) H295R#MRE T IZSF-1ONEMERER L ULICAPIEEN LR (B
E1£10-5M).
(B) H295R#HAL & KGN IC & | Breal-timePCRIC & 5 WA
SF-ImMRNAMD FEIR L&,

FOSF-14 1 b iZatrazinelZ £ % ArPIIO &AL I 262K
THHZEPHBH LA (X 3B). atrazine/simazine”®
SF-1 A7 o ArPILG 4 % 358 3 5 )% & L C, SF-1
U E %2238 5 HEM Id Western blottinglZ £ ) &
EINTz,

bivbhid, atrazine/shimazine?’SF-1& #4119 5
5% % BiacoreT100 Y A 7 A X B R M 75 A€ 4k
NE (surface plasmon resonance, SPR) %% v CTHegt
L7z, SF-1sH oA L F#IE, BEs [11] ok <,
baculovirus ® % % H W T 17 - 72. ¥ #SF-11
amincoupling# {12 & 1) sensor chip (CMS5, Biacore) 12

%€ #, Biacore T100 biosensoring system (Biacore,
Tokyo) 2k 2%MH 7 XE W (SPR) #:% HwT
W OBSF-1% A &« N EME Y AF v FI6PC (1, 2
-dihexadecanoyl-sn-glycerol-3-phosphocholine) 7 5
P WE L DR EOHFEZBGET L7z, M#ESF-1&
16PCE DEEEMEF L2 A, MEDOHEEEZAD
(K4 A). —7%, atrazined SPRIEIZI V2255 B,

SF-1& O EEAFEOR G2 B (X 4B), SF-105
WHRMEY 7Y FTH B REEIRIKR S Nz, —T,

shimazine38 & " &2 #7574 723 v bu— )L o
p-nitrotoluene & SF-1D%i & % R L d o 7.

2

atrazine/shimazine%aromataseifi 4 % L5 & & % %>
BRI OWTIEFwE2H ), ML - TiE A2 E,
MBI X o TRAETH D EOWMENR LI TV
[7,8]. ZEHOHEIIBNT, SF-1%BlEDKVKGN
AT, atrazineDREBBD LN L VDOITH L,
KGN 06045 UL EDOSF-10 w58 8 % 380 % Bl & R 4
B HEH295RM ML T, atrazinelZ X V) aromataseiif I
DEAERDL L, ZoHEIE, KGNME~DSF-1
BAEBD»SSF-IORHBOERIZE > TEL TS
CEEWHOLMIIL. HEFIC X DaromataselGED |
AT 2HEMOERD TOMITER T 2 15 H

50 | BasiEmspzamss Vo1l 2006



P BELY B Atrazine (3SF- 1 RAFEIC 7 0 < & — VI GIG M2 FHE S 5

Aromatasei& it Atrazine RIS F TOAPI 7OE— % —
(4Kb) DXk EEEEME (H295R #HkZ)
Enzymatic activity Folds of induction
350 Adeno -LacZ Adeno -SF-1 ] 2.5 Olacz [ SF-1 ® 3.0 —
307.39 3
300 304.19 ‘I‘ % 258
o 19 192 g
250 .
< -
- 25 2.23
200 16035 Q 2.12
s F 3 2.03
150 S 20
g
c
100 | -
== 8
50 bsg 2268 22.05 0.91 0.88 i 15 1.3
0.5 j
DMSO Atrazine Simazine Atrazine Simazine o
1.0

4k 31k 2k 516 516-SF1-M

3 (A) Adx-SF1i# A Iz KGN#ERE Matrazine/simazinelZ ¥ § daromatase’EEDRSH #EE S €5 (&
EI10°M).
(B) ArPIl?>-516 bplh K s DO SF-1E2 5| Idatrazine (2 & 2 ArPIDFEMALICABE T H 3. 516SF-1-Mid
SF1H A POERBAICI T T b,

1200
~ 1000

2 100uM
800
600
(A) & 40
50uM
200 25UM 12.5uM
= = ! 6.2uM
507 80 110 140

170 200 3.1uM

Response (R

Time (sec.)

(B)

Response (RU)

Time (sec.)

B4 SPRik%FVAFEHSF-1£16PC (REMSF-1 U > F) (A) % idatrazine (B)
EDBREREFROES

5, TOZLIFELOTEET,  MIBWTSF-15H VERRE LTHBMENTE ., IRk, FoEnE
BHE W) ST T, aromataseDiETE EHIC LD MEFRIVELZERBATH 205, U VREISF-1OH
atrazine SR PT 2 & T A b0y BB AE D 19 Ee BPEY 7> FE LTS nze [12,13]. 4RO T
BERBELTVS BREFHIIESINLTVS X, FORKEMEY H Y FD12TH516-PCASF-1&
atrazine & T A b T RS O FLIE AT L E & O MEKET ST L%, in vitroll BT 2 BAETZEIC &
BEAVRIZE NS, STHOTRLE. T/, 16PCICHRBEEDLDT

SF-LIg W, AR 7Y FPRRFEZEDF—T 7 5\ 2%, atrazinelZSF-UIZH &35 2 & 2R L, SF-1

mEIJOVT47 51



Wi B Al

OHNREY F Y Fe LTIEHT A2 REAE 23R L 7.
atrazine ® aromatase {ff % @ L A # ¢ & L T,
phosphodiesteraseii 4 @ ¥l % /- L 72cAMP® - 5#-(2
I BWELWME SN TVED[8], FROATIERL,
SF-1®1) 4> § & L CTSF-1& aromatase promoter 119D
MEAEH Z BT 2 88F 0 B5- LT 2 W REMEDRIE S
Nz WEMIZIR, 20X BRAMDSF-19 7Y 3
L, EBRIDL O TREL 5 2 T LR
HY, GHROEZELBEHRELEZONS.

atrazine/simazinelZ & % & baromataseiifz - Dz’
HMEALIE, aromatase promoter 1% 4L CTHzE L N
TEIZY, ZoEEEEOREIIESF-10 8535,
WIHTH o 7. atrazine L SF-1OBEBENFHEIRDO LN
722 &5, atrazineld§5\ 72 A35 b SF-1044 A MY A
YFELTHEHLTW A RERAVRIB S 7z,

X W

1. Kolpin D, Barbash J, Gilliom R (1998) Occurence of pesti-
cides in shallow groundwater of the United States: Initial re-
sults from the National Water-Quality Assessment Program.
Environ. Sci Technol 32, 558-566.

2. Hayes T, Haston K, Tsui M, Hoang A, Haeffele C, Vonk A
(2002) Herbicides: feminization of male frogs in the wild.
Nature 419, 895-896.

3. Kettles MA, Browning SR, Prince TS, Horstman SW (1997)
Triazine exposure and breast cancer incidence: An ecologic
study of Kentucky counties. Environ Health Perspect 105,
1222-1227.

4 . Maclennan P, Delzell E, Sathiakumar N, Myers SL, Cheng H,
Grizzle W, Chen VW, Wu X (2002) Cancer incidence among
triazine herbicide manufacturing workers. J Occup Environ
Med 44, 1048-1058.

5. Fan W, Yanase T, Wu Y, Kawate H, Saitoh M, Oba K, No-
mura M, Okabe T, Goto K, Yanagisawa J, Kato S, Takay-
anagi R, Nawata H. (2004) Protein kinase A potentiates ad-
renal 4 binding protein/steroidogenic factor 1 transactivation
by reintegrating the subcellular dynamic interactions of the

nuclear receptor with its cofactors, general control nonde-

10.

11.

12.

13.

repressed-5/transformation/transcription domain-associated
protein, and suppressor, dosage-sensitive sex reversal-1 : a
laser confocal imaging study in living KGN cells. Mol Endo-
crinol 18, 127-141.

. Nishi Y, Yanase T, Mu Y, Oba K, Ichino I, Saito M, Nomura

M, Mukasa C, Okabe T, Goto K, Takayanagi R, Kashimura
Y, Haji M, Nawata H (2001) Establishment and character-
ization of a steroidogenic human granulosa-like tumor cell
line, KGN, that expresses functional follicle-stimulating hor-
mone receptor. Endocrinology 142, 437-445.

. Morinaga H, Yanase T, Nomura M, Okabe T, Goto K, Hara-

da N, Nawata H (2004) A benzimidazole fungicide, beno-
myl, and its metabolite, carbendazim, induce aromatase
activity in a human ovarian granulose-like tumor cell line

(KGN). Endocrinology 145, 1860-1869.

. Heneweer M, van den Berg M, Sanderson J (2004) A com-

parison of Human H295R and rat R2C cell lines as in vitro
screening tools for effects on aromatase. Toxicol Letters 146,
183-194.

. Gondo S, Yanase T, Okabe T, Tanaka T, Morinaga H, No-

mura M, Goto K, Nawata H (2004) SF-1/Ad4BP Trans-
forms primary long-term cultured bone marrow cells into
ACTH-responsive steroidogenic cells. Genes to Cells 9,
1239-1247.

Fan W, Yanase T, Morinaga H, Mu YM, Nomura M, Okabe
T, Goto K, HaradaN, Nawata H (2005) Activation of peroxi-
some proliferator-activated receptor-gamma and retinoid X
receptor inhibits aromatase transcription via nuclear factor-
kappaB. Endocrinology 146, 85-92.

Komatsu T, Mizusaki H, Mukai T, Ogawa H, Baba D, Shi-
rakawa M, Hatakeyama S, Nakayama KI, Yamamoto H, Ki-
kuchi A, Morohashi K. (2004) Small ubiquitin-like modifier
1 (SUMO-1) modification of the synergy control motif of
Ad 4 4 binding protein/steroidogenic factor 1 (Ad4BP/SF-1)
regulates synergistic transcription between Ad4BP/SF-1
and Sox9. Mol Endocrinol 18, 2451-2462.

Li Y, Choi M, Cavey G, Daugherty ], Suino K, Kovach A,
Bingham NC, Kliewer SA, Xu HE (2005) Crystallographic
identification and functional Characterization of phospholip-
ids as ligands for the orphan nuclear receptor Steroidogenic
Factor-1. Mol Cell 17, 491-502.

Krylova IN, Sablin EP, Moore ], Xu RX, Waitt GM, MacKay
JA, Juzumiene D, Bynum JM, Madauss K, Montana V, Lebe-
deva L, Suzawa M, Williams JD, Williams SP, Guy RK,
Thornton JW, Fletterick RJ, Wison TM, Ingraham HA (2005)
Structural analyses reveal phosphatidyl inositols as ligands
for the NR5 orphan receptors SF-1 and LRH-1. Cell 120,
343-355.

52 | BasiEmspzamss Vo1l 2006



