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Effects of Bisphenol and Octylphenol on TM3 Cell : Expression of
Cytochrome P450scc and Estrogen Receptor ¢ mRNA
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2 U gRE YEHIZAEAEL dAEZAY FAAEZAZQ AL 7N T o) Aol AeiA ol Lol A
AX75 2eS Aslshe A2 RuHy 9ok 2 A= estrogen (E)F bisphenol (BP) Z12] 3 octylphenol (OP)o] A3
Leydig cell line®! TM3 A Xoll mR]&= F5FS Lol TR 31tk TM3 AlEE= 11~139 8 9] BALB/c nu/+ AZ ZEE )
8 H AU MEQ Leydig cell 2 DMEM9) FBS (10%)7} A7+8 wjokeiol] By BPSH OPE S5 (1 pM, | M, 1 ¢M, | mM)E
A 23t 4841 7 E ¢ Xﬂﬂ"ﬂ’ﬁ v Fatgdch Wi 5, AA A4 HELS EFAE BT rypan blue GHHPE O 2A}
UL, 2H|Zelms 2 E FAjol #ad st cytochrome P450sce (CYPsce) 9} estrogen receptor @ (ER o) SAAFe] 8L oA

A FREA @ﬂ}‘i‘_% 2 3F35ich A3E AHEE TM3 A 29 A2 g QloAME 1 pM olste ME 2ol 7t gL
H 1 mM Z7tEl e FA8tA ZaTE REth AEF QlolME 0P A ZolAwt 9817 A Jebsteh CyPsee
TR BEE E, & AT BP (1 nM, 1 M) F7F2e)A ek 7447E OP (1 nM, 1 M) B7F2A s g9
227 deisth I8U ERe #AA4 282 AYE ERA g2FET £ 2842 Yt 28808 3%
=] BPe} OPE CYPsce f+-3x9] H&E 7HAANL 22N AHZo|EA FA L AANA Aa7)50 Foj S Loy|H,
AAEAY AT FFE 1A F AL ALE Agdth

Key words : TM3, Bisphenol, Octylphenol, Cytochrome P450scc 712}, Estrogen receptor o &21%}

ABSTRACT : Most of endocrine disrupters (EDs) have been reported to exhibit estrogenic or anti-androgenic activity and thereby
may disrupt reproductive development in human or wildlife. This study was performed to investigate the effects of estrogen (Ey),
bisphenol (BP) and octylphenol (OP) on the mouse Leydig cell line (TM3). TM3 originated from testis of 11~ 13-daly-old BALB/c
nu/+ mice was cultured in DMEM supplemented with 10% FBS alone or medium with estrogen (Ey), bisphenol (BP) and octylphenol
(OP; 1 pM, 1 nM, 1 pM, | mM, respectively) for 48 hours. After culture, total cell number and viability were assessed by heamocyto-
meter and trypan blue stain. Expression of cytochrome P450scc (CYPscc) mRNA whose product is involved in steroid hormone
biosynthesis and estrogen receptor @ (ER @) mRNA were detected by RT-PCR. As a result, treatment of TM3 with E,, BP and OP
(1 mM, respectively) significantly decreased the viability but not all of groups as high as 1 xM. Exposure of TM3 to OP significantly
reduced the total cell number but not E, or BP. The expression of CYPscc mRNA was slightly reduced in BP (1 nM, 1 #M) and
significantly decreased in OP (1 nM, 1 yM) treated TM3, except E, group. But the expression of ER @ mRNA was sightly increased
in all treated groups. In conclusion, BP and OP (high concentration) might inhibit steroidogenesis by decreasing the CYPscc mRNA
expression in the mouse testis. These results suggest that BP and OP might impair spermatogenesis and subsequently disturb testicular
function.

Key words : TM3, Bisphenol, Octylphenol, Cytochrome P450scc mRNA, Estrogen receptor ¢ mRNA
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FoAHE 24 AL5EE 7R 2101 &

AW AA715s 2B ROE BIHT dT (Ab-
raham3} Stephen Frawley, 1997).

DA EAN 2] AL s e AEEFoV E84Y 47)
SolAl &= & Bisphenol-A (bp)9} octylphenol (OP)& o]n|
2 48 WEu RN EAE Kuiper 5 (1998)2 A A U o
2EEAF FASH A AEZA 44 ¢ A o] 7H53t,
NEEZAL 2Eo 2 hALE WA FFAJE o
AME gty Hysta itk §A A7 QoA ol&
ERAY 715E ok &43] WHAAE %A, LH £
ol 24} J2ERA FEAE B3 B3 A4 £
S5 Leydig cello| M9 2E|2o]E g 2Fse AL
2 434 Ut} (Hess 5, 1997; Akinbemi 5, 2000). “1&1}
AES7E S35 oA FE A7) HFe] JAEZA
of =&H9H ER ®AA} Tdo] F7tE o] FAA A AR 357}
dojux] ZahAl = Ed Aoy 2 AE FLAZ
4 At} (Tena-Sempere =, 2000). bP2} OP= 2EZA BT
1,000~2,000 ¥} B W2 84& 7HAL 7le AT A
A - oM NAEZAMZ FASHA prolactin 9] B¥E F
ZAAF) L (White 5, 1994), ¥ 3} o)A LHS} FSHe] #v
& ZAAZYI BRI HY o (Blakes} Boockfor, 1997). &
g A A g3 TSRS W, A testosterone o)
Zolte AL sty on (Boockforst Blake, 1997), ¢4l
3 HFHel OPE F431A =W cytochrome P450 17¢
-hydroxylase/C17-20 lyase9} steroidogenic factor-19] -8 o] A}

7l 839 AadA by A& AT Majdic 5,
1996).

d8u 2 olg g2 gy ZEFEo] d2ER
Az E QALE B3l A2 &S AlZivke A7 B
g3 ith Nikula £ (1999) 19 43& E3) bP2} OPY
93] Leydig cellt] cAMP] HAjo] 0] ZEH2Y, E,
H7H & cAMPA A o]k Al Z ] progesteroned] EAJol= A

22 00 kool

b
ful
L
n
=2
-
M
o
£
T
=z
2
2 o
min
mﬁ
\o
a
oX,
i

i)

_

I

A A

e WA G BT itk makA E dpddlMe
AAN S22 A2ERAF REHgi 2 bP, OPE
Z}zt 742 =5 2 AF Leydig cell line?) TM3 A X o 228}
Fe w TM3 A2 A2 FA SEEQ testosterone §F
Ao Faldl= cytochrome P450 side chain cleavage enzyme
(CYPscc)# estrogen receptor o (ERe) fA7e] 3 HalE

Mzsaa A8e Sessn
Nz 3 2

1. TM3 MIZ2| Hj

Ago A& TM3 (ATCC Co., USA) Ml Z & 11~13¢#
H BALB/c nu+AH 2] AAZRE oA Leydig AEFE
A3 TM3 M £ DMEM (+10% FBS) 3 3 ng/ml LH
(luteinizing hormone)7} 4% wWlokale] 1x10° MEEEE
6-well culture flaskel] wf<ka}dch

2. E; BP 12|31 OP Xz

T™3 A7} v ok HAN sub-confluent 3174 A2t 72 & &
o1&, Hjo TE &= estrogen (B A-estradiol; E-8875,
Sigma), bisphenol (bP; 4,4'-isopropyl-idenediphenol; 1-0635,
Sigma) 3} octylphenol (OP; 4-tert-octylphenol; Fluka)E 1 M &
ERoged 5A F 44 1pM, 1M, | 4M, I mM &
2 gHste] HrtstAnh Mg olE F TM3 AlE] AEE
< 0.4% trypan blue YL o] &3} o, wigd A xe
AA £ heamocytometerZ =4 3153t}

3. TM3 MIZ2| M| RNA &2
O EF WidE TM3 Axe A RNAE acid guani-
dinium phenol chloroform ¥ (Chomzynski®} Sacchi, 1987)&
2o e 3} 2ol EeeRT. WELI1) B2k T™
Aﬂgoﬂ trypsin (0.05%) Az2jdtq AEEE Sty 94
ol Y2 ¥ PBSE 23] A4 EEste wjgN & 17%1\]7%}
EEH pellets TRIZOL (Gibco BRL, USA)d] =¢] t}g,

chloroform& @ 7}3le} phenolZ 3 ¥ zlstd %g%a
(14,000 rpm, 15 min) S o, AR F, 4ZANL 555
o isopropyl alcoholS S A7), thA] dAE 28t (14,000

rpm, 15 min) HZZH O 2 pellete 2 FAH RNAE dSch

4. AHAMEEEL AMYES (RT-PCR)
AA RNAZ 55 cDNA B4€ 918 924 132 Is
strand cDNA synthesis kit (Boehringer Mannheim)}& o] &3}
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Table 1. Primers used for RT-PCR
Gene 5'-Primers (§' — 3') 3" Primers (5' —3)) Size (bp)
B -actin GTG GGC CGC TCT AGG CAC CAA CTC TTT GAT GTC ACG CAC GAT TTC 540
CYPscc AGT GGC AGT CGT GGG GAC AGT TAA TAC TGG TGA TAG GCC ACC 411
ER o TGG CGC TCC ATG GAA CAC CAT CTC CAG GAG CAG GTC' 453

the 3 7ol AAstaAth 9 1 pgel RNA9] 10 mM Tris (pH
8.3), 50 mM KCl, 5 mM MgCl,, | mM dNTP mix, 2.5 ¢ M
oligo-p(dT)15 primer, 50 U RNase inhibitor, 20 U AMV reverse
transcriptase (Boehringer Mannheim)& £33t th3 25Cel| A
108, 42°C oA 1 AJ7F Zot w8t 2, wiRE e 2 99°C o
A} 587} reverse transcriptaseS inactivationd}S3th. B -actin,
CYPscco} ERa 54 #}H¢] primer= & bioneerZ F-8| A2
3}91 o} (O'shaughnessay ©} Mannan, 1994) (Table 1). 8 -actin®}
PCR ZAL 94°CoA 45%, 54ColA] 45%, T2ColA 18 30
%9 cycled 203] ARXE7, CYPsce:= 95°C ol A 587} dena-
turation-g 13], 94 CAA 18, 68CAl A 18 30%9 cycle 35
3] AAEE I 12T A 787} extensionA] AT ER ¢ 95C
ol A 587} denaturation 13], 95C ol A 30%, 68°C ol A 45%
249 cycled 323 AAAT vheo] £ FF AHEL 2%

Table 2. The viabiltiy and cell number of TM3 treated with E,,
BP and OP

Treatment Viability (%) Cell count (X 10%
Control 97.00 + 3.12 2440 + 20.0
E, 1 pM 9697 = 191 2299 + 121
E, 1 nM 97.10 + 1.84 2189 + 386
E, 1 uM 97.10 = 2.03 2989 + 199
E, | mM 4350 + 3.40* 90.0 + 20.0%
BP 1 pM 9774 £ 1.77 2299 + 428
BP 1 nM 98.06 + 2.19 2950 + 50.8
BP 1 uM 9628 + 132 2117 + 242
BP | mM O** -

Op 1 pM 9520 *+ 171 1755 + 172*
OP 1 nM 96.71 + 158 178.8 + 20.6*
OP 1 uM 9693 * 1.86 1588 + 4.6*
OP | mM 0** -

Note. Data represent the results of three studies. Cell
viability/count was determined after 48 hr of treatment. Data
are expressed as means= SE.

The symbols * and ** indicates *P < 0.05, **P < 0.01.

agarose gelol A &elatdich 7z CYPsce#d ERa 4428 B
-actin AR ek oAl kel W3lE image analysing
software (BIO-PROFIL Bio-1D)& o] &3l A 3¢ th

5.3 A

RE A A 39 o)} wEe] dlom, 7t 27
9 FAHL 2 testZ FHBAIL, ptel p<0.05Y AY-
FAHLE fofsitiy HYth

4 1

1. TM3 M|Z2| MZEEN MES

TM3 A 2o} E,, BPS} OPE 247 1pM, 1nM, 1 xM, | mM
A7He &, 297 wiokete] AJE S-S trypan blue FAHOE X
AVGH A3 1pM, I nM, | uM A= AEE0] 95%0A 22
a7t URCH, BE 1 mM ¥ AS W= 43.5%Z Hro]Ate)
AE7} & A EAA (Table 1). 183 BPSt OPE
ImM ¥UE d= AEEC] BF FojA] vt £ahsx
Z3ATh o) E7F st A2 TM39] A MEFE B9
BP7} H7HE Fll Al o7t gidiew, OPAE/b M E o
& 2o " AEF7E F9EA FA et (Table 1),

2. Cytochrome P450scc (CYPscc) SXKIQ| wsd

T™M3 Al EA CYPsce f24#1e] S@2E LHY A7t &
Foll me} ¥ 32 wl, Fig 1o A B vhe} o] LHAS
of gaf CYPsce £A7Y B¥o] ZRH= AL AR L
o, o]& AYo A= EF LH 3 ngm)E F7Hste AN &Y
o} E;, BPS OP7}H 1 mM H7HE ZA A E A X A& 3
HAQ YL 71A T APM A LA AT CYPsce #3
A8 EFE 7 79 f -actin AR LA W gt
2 Altsto] stk Fig. 28] ZA#et 7o), B, Hrhzel
Me 22 vla SgF 2ol & £ 4 giYeH, BP A
7REAAME H7t w7t S7Hel el dEd P ok Aa
e AL AT F AN FA A FY3 e Bolx ¢
Stk 22 OP #7hEol Yol 1 M ol4de) OP7L 7}
gl whet 229 vlg) 42137 CYPsce H2 ko] Tgo]
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Fig. 1. Effects of the LH on the CYPscc mRNA expression of
cultured TM3. LH (3 ng/ml) were added at culture medium. Note.
Data represent the results of three studies.

CYPscc <« 4l1bp

180 ¢
160 r
140 1
120
100
80
60
40
20

]

D control
1 pM
1nM

Relative value
(CYPsce! g-actin mRNA)

Contro! Eo BP
Treatment

Fig. 2. Relative mRNA levels of CYPscc in E;, BP and OP treated
TM3 for 48 hr. A. RT-PCR amplification of CYPsce/ 8 -actin mRNA
expression. M : 100 bp ladder, lane 1: control, lane 2~4 : E;, lane
5~7 : BP, lane 8~10 : OP (1 pM, 1 nM, 1 uM, respectively). B.
Relative changes in the amount of CYPscc mRNA (relevant to S
-actin) of cultured TM3 with E;, BP and OP (1 pM, 1nM, 1uM,
respectively)(* P<0.05). Note. Data represent the results of four studies.
daste e FAT + AT (P<0.05).

3. Estrogen receptor o (ER¢) SHXI2| &UH

E;, BP¢ OPE #H7}3E 7 2ol X9 ERe HAA 28 Y
I H3tE A9 RY BE H7HEM ERe AR S
Ao FH FHAME thEZe v LE FlA

ERERR

A
ERa
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Fig. 3. Relative mRNA levels of estrogen receptor ¢ in E,, BP and
OP treated TM3 for 48 hr. A. RT-PCR amplification of ERa/f3
-actin mRNA expression. M :100 bp ladder, lane 1: control, lane 2 ~4
1 By, lane 5~7 : BP, lane 8~10 : OP (1pM, InM, tuM, respectively).
B. Relative changes in the amount of ER @ mRNA (relevant to 3
-actin) of cultured TM3 with E;, BP and OP (1 pM, I nM, 1 uM,
respectively). Note. Data represent the results of four studies.

1}9} ”rXH & 3 A o)} XA stA Bk 84 o
ZERAAE AA A ALEZAF S

Aed AFA, A XA, PCBF, 7HaA 9 A
EEol ﬂl*EiﬂH ZAEE Ytk of9} Zol JLE
A QAAE AL 0236
A4 7189 A= @%% < OLHJ] ﬁsﬂ AF 9 Fad 2
A E9l Leydig cell] A|EF2] TM3 A E o]&3l9 %
& BP, OPS} Ep9 93-S A& 23, 1 pM o5} ke
E\} BP9} OPE AEslds o AlXe AESde %S
n X7} e¥gtrh o] Blake S (1995)0] OP 1 uM ©]3}9] A
FEAE Leydig celld] AEE] 247t AL BI%
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A} 2 ATolth E ARNAE 100 xM8] OP H7}2o)
AHE 0%, E29F BP H7HEoME 80% oate] AZLE B

%161} (data not shown), | mM&) 7T ojAl= BPS OP 3
7hdls TM3 A E7F 2% AEEHUY, B iiel—'r“ﬂl/ﬂﬁ’_
50% olate] AEES Ho AFRoME AT A&
dHg Bl ke A ¢ & AU Raychoudhury
(1999)2 A7 AAM E 9} Sertoli cells] OP (10™° M, 107"
M)E AF RS o, E (10°° M) 1} diethylstilbestrol (10™° M)
A w2 AX AEE0] Fash, HEAAA} (apopto-
sis)7t F74E A& AT =8 A% 379 AFHRRE
3423} Sertoli cello] AR ZHE AL Sertoli cell BT} AT
o] OP AN E HEZd o HH FFL Wiy
BIsty Qlrh o] E b= gy FolEHe £/ o
g 183 22 Y3 A EZojAT I EAY AT} A
T FR4 sk BT 2 F dvke A 9y
3ok Ey, BP 121X OP Ag3le o] ] & dojzl AdA
A ZFE OP7} 2718 2ol o2 Zo vial FA Jeid R
2% Hol OP7} TM39 S4A & 4 wHTHT AR H
At}

Leydig cell®] 8 7135 testosteroneS A3l Aojn,
dioxin (2,3,7,8-tetrachlorodibenzo- p-dioxin), HPTE [2,2-bis( o
-hydroxyphenyl)-1,1,1-trichloroethane], PCBs (polychlorinated
biphenyls) & o2 7k WEH] ZHEH S 8] 2 2 o]
=YYl Jolg Lot Py T2BFAH ) o R
A Beohdl BT Stk Majdic 5 1996). Akinbemi 5
(2000)2 HPTEE Leydig cell] Mgd4e o, A RolE
84 94 FY5Q ZHAH &L pregnenolone 2 AFA) T =

2 CYPsced] 8% B3o] 7448 T, E3] Leydig cell
°ﬂ W D20 B AT, S AT et
B8k itk Andric 5 (2000)% E# | aroclor 12488 %
A3t EY 3 A-hydroxysterodi dehydrogenase/A ,4" isomerase
(3 BHSD), 17 @-hydroxylase/C17~20 lyase (CYPy;,) 187,
17- ketosteroid reductase} Zr-&-o] A o] ALY FATE
30l ASHATT Bt B A AFGNT
E; H7HA el e CYPsce frdate] E&of o] gigioL} BP
% OP H7hzel X & T2t S7bgo whe} CYPsoe 2749
dgo] dadhe 23E 4o, BP OP7} B9t O 22
2 2H| 20|t @A o) L8t Leydig cello] J3-& nA =
Rolzty AtEE T 4, ER oAk 284 QoM E
2 BF EZET & 2d4S Bof BPY OP7} E:9}
Zol ERe 8 B8E SO 235 92 5 JSiE,
Barthold (1999) 5% W &4] AejE& 9l dioxind o}& X

A%
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