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ABSTRACT : Substantial evidences have been accumulated about the hormone-like effects of exogenous
substances such as pesticides and industrial chemicals during past years. The effects of these substances
on the endocrine system are believed to be either enhancing or reducing of various endocrine actions. It is
necessary to identify putative causal agents by the battery system and to assess their ability to disrupt the
endocrine system. A variety of in vitro and in vivo appreaches have been used to determine the androgenic
effects of environmental chemicals. To establish the method for assessment of the putative endocrine dis-
ruptors with androgenic activity, we carried out the cell proliferation assay by MTS method after treatment
with the various concentrations of testosterone in LNCaP cells (human prostatic cancer cell line) and also
observed the expression of androgen-related genes by quantitative RT-PCR. In the cell proliferation assay,
the results showed that the growth of LNCaP cells increased within level of at least 10 pM testosterone. We
measured by quantitative RT-PCR method on the effects of testosterone on mRNA expression of androgen
receptor (AR), prostate-specific antigen (PSA), bone morphogenetic protein (BMP) and BMP receptor (BMPR)
in LNCaP cells. The results demonstrated that mRNA expression of PSA and BMPR-IB was observed differ-
ently within level of at least 0.01 pM testosterone compared with non-treated control. These observations
suggest that the detection of PSA and BMPR-IB mRNA by the quantitative RT-PCR in LNCaP cells is very
sensitive method to identify the endocrine disruptors to have the androgenic effects.
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Algle] wiedal ool A S0 q E3ol £V,
opFEoM T2 B3 niSg) 28-S JAH 32 E9 11
18 7158 T3] A2 1=K (Sonnenschein
3} Soto, 1998). o|2gt WEH]A &} o]A4E el A
< FA3le] WEn)A Aol €2 (endocrine disruptors)E
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Abbreviations : AR, androgen receptor; PSA, prostate-specific antigen;
BMP, bone morphogenetic protein; BMPR, bone morphogenetic
protein receptor; RT-PCR, reverse transcription-polymerase chain
reaction; MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-methoxy-
phenyl)-2-(4-sulfophenyl)- 2H-tetrazolium; FBS, fetal bovine serum
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Hsigict. o] WEnA AelEA2 Bl Fiel w
2 %4 3223 54 47] Sol gebd a1l G
B S AE R A (estrogen) ¥ == (androgen) A A
F2ET fA1R 4L P AE e, olF B2
e NERCERE (P T
2] k& ¥ 7= 2 55 5 5 JvK(Sonnenscheint
Soto, 1998; Zacharewski, 1998; Kelce &, 1998).
WEe]A 9] Ao & FUA| 7= e 93t e
AL HFF7, o 27, T 59 oRISECIAM A2
7] gl AZg FAIE oF7]1A19]12 2ivH(Sonnenschein
=} Soto, 1998; Zacharewski, 1998; Kelce =, 1998). W5-
WA ZelEddl =29 TEEZ oM =714 A4




60

717} A= B4, DDTAl x&¥ doldlME 719
AT 57 4719 faFel BAALCH, o5 B
of| tigt SEAF A AAe] Zhae) g w3k, 13t 5
3 A1) T 5 )5l Az Sige] et 3l
©}(Chen 5, 1988; Bromwich 5, 1994; Olsen %, 1995;
Kelee &, 1997; Safe -, 1997, Kurata 5, 1998; Mylchreest
2 1998).

B FhEAlT s dEA sl Ay 9 A
2o Qe el WEHA A EAE &3P
A I in vitro W in vivo ¥ o] 7= 2ot (Ashby
8} Lefevre, 1997; Gray, 1998: Ashbye} Lefevre, 2000).
E dToMe A A1 gt 7)sel F838F 9%
& HEERE FAEI R oS wiA e ERA Aol
22 S st HAI7)7] $lslke] Akete] A
HA A EAA frellEl LNCaP Al o] FAT2ZES X
2gt F A 22 FA ol vl ¢S FHE SHYS o
3ted HaAslgich. =t gt=2Ale] 2Rl ujebr] W
o] 7=+ f411Q] prostate-specific antigen(PSA) 2
bone morphogenetic protein receptor(BMPR)$} 3l o]
A= 343412 androgen receptor(AR) % bone morpho-
genetic protein(BMP)S- quantitative RT-PCRY 2.2 F4
3o LNCaP M ZFollA P 322 2184 Hga|A] Aol
AL G/ A% in vito WS APEBEZAL 3K

IL Az & ety

1 MEZF G Mizuley

AFgre] A gtol| A gt LNCaP A ZE5(ATCC CRL-
10995)= American Type Culture Collection(Rockville,
MD. USA)llA] F4&l52r RPMI 1640 #1%](10% FBS,
2mM L-glutamine, 1.0 mM sodium pyruvate, 100 units/
m/ penicillin @ 100 mg/m/ streptomycin)el| A X8k}

2. MZo| ZMES

LNCaP M EFE RPMI 1640 vjAZ2 MEE 3 AF
Bled 96-well flat bottom plateel] well®d 1X10°, 2X10°, 5
X10°, 1X 10704 100 u/3 B34 2 wellel] testosterone
< FEE57) 107~10" Me] HEE 100 W F718ked]
72717Y B}t wiekslsiet. ol®) FBS: charcoald} dextran
o= #2]%l FBS(HyClone® Lab. INC.)Z AF&-313lch. AlE
2] FAls 4L tetrazolium H¥hE-(3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxy-methoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium; MTS, Promega Co.}& ©]-43F MTS 4| X354
5 2Xdo g Hrlslevh(Dalkin 5, 1996). MEZAS

DAL FAR 2 vlaslel AE FA %ol 10% o F

7F51E W oFLE A3l MTSE 2 wellel] F7}
3 F 905 F<t 37°Ce] 5% CO, A A] HREAIA 490
nmel| A %U*EE

microplate reader(Molecular Devices

Co, USA)E 243}t
FASL B53 Fre] A4k
A FE -iA 8=
A5 (%) = X100

2T FEE - A e
3. RNA #H| 3 quantitative RT-PCR

RPMI 1640 WA}2. LNCaP M ZE- 6-well flat bottom
platecl] welld 1X 10708 AHEs}e] 24X]7F wheksl 3 7zt
wellol] testosteron&"‘ FHEE%7 10%~10™ Meo] HES
Zb wellel] 58} 724]7F F<t wieksldct. wioksr &
Z} well®] M| EeA RNeasy Mini Kit(QIAGEN Ltd, CA.
USAYE ©|-8-3} RNAE FE39H-

LNCaP M| E25E] 324 77ke] RNA 20 ngoll efs}e]
Super-Script™ One-StepTM RT-PCR System(Life Tech-
nologies, Inc.y& ©]-83}d quantitative RT-PCRS- 433}
o] testosterone 2]E4 mRNAS] &S HAslg]om
F HE=FAAR= B-acting} ¥]3}g Tk RT-PCRe)| AMS-E}
Z} primer?] sequences®} PCR AFE2] =7|& of&-3} 2o}
AR2.3, 265bp, 5-GGAGACTGCCAGGGACCATGT-3'
#} §-TCCCAGAGTCATCCCTGCTTC-3'; AR7.8, 228 bp,
S-GATGAACTTCGAATGAACTAC-3% 5-CACTTGC-
ACAGAGATGATCTC-3'; B-actin, 313 bp, 5-GACTACC-
TCATGAAGATCCT-3% 5-GCGGATGTCCACGTCAC-
ACT-3'; BMPR-IB, 643 bp, 5-GCAGCACAGACGGAT-
ATTGT-3% 5-TTTCATGCCTCATCAACACT-3"; BMP-
2, 671 bp, 5-TCATAAAACCTGCAACAGCCAACTCG-
3% 5-GCTGTACTAGCGACACCCAC-3'; PSA, 540 bp,
5-GGTCGGCACAGCCTGTTTCA-35} 5-CCACGATG-
GTGTCCTTGATC-3'(lde E, 1997; Grant %, 1996). o] S
primere RT-PCR Hhg-alof Z47b 10 uMH F7}319al
PCR< Perkin-Elmer 2400 DNA thermal cycleroilA] 473}
sledch. AR2.3%} AR7.89] primerel]l ?1&F RT-PCRS] 71
2 RTE= 45°Col|lA] 308 =383t F PCR-E denaturation-
94°CollA 1%, annealingS 55°CollA 1%, extension
72°Co) M 2802 358) 4:333}23c}. B-actin, BMPR-IB,
BMP ¥ PSAX RTE 45°CellA 302 383l9lem PCR
2 denaturation 95°Col|lA] 45%, annealing 60°CollA]
1%, extension 72°ColA] 1.58-22 303 $s)agic}. 7t
AR} PCRE] AHe-2 1.5% agarose gelellA] A7]od5
gl & FAsok(Ide =, 1997; Grant 5, 1996).
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LNCaP M EF-E o] 83le] A E FE HE 107~10° M
9] testosterone =0 W ME 21520 ¥3}E MTS
N EFA T 2R 43 A7 Fig. 13} o] s
%t LNCaP Al ZF% welld 1X10°, 2X10°, 5X 107}
A AE3 A E FEoME 100 pM2] testosterone §-Tol]
A 27 113.017%, 122.4%23.6%, 1263+2.5% RAEZ
LNCaP MEF2] F2lo] Z713815ich. Welld 1< 10Y04
&3} M EE 10 pM2] testosterone FT7FA] A HRg-o]
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Fig. 1. Effects of testosterone on the proliferation of LNCaP cells.
Cells were seeded at 1000, 2000, 5000 and 10000 per well in 96-well
plates and cultured in RPMI-1640 supplemented with dextran treated
charcoal-stripped FBS and varying concentrations of testosterone.
Each well was subjected to the MTS assay at the third day. In the MTS
assay the absorbance at 490 nm is correlated with the number of living
cells. M; logl0 M.

M12 3456 7 8 91011

Fig. 2. Expression of AR2.3, AR7.8, BMP-2, BMPR-IB, PSA and [3-
actin mRNA in LNCaP cells. Cells were seeded at 100,000 per well in
6-well plates and cultured in RPMI-1640 supplemented with dextran
treated charcoal-stripped FBS. Twenty nanograms of total RNA
isolated from cells cultured under varying concentrations of
testosterone were subjected to one step RT-PCR. Products were
separated by electrophoresis in 1.5% agarose gel and visualized by
ethidium bromide staining. Lane M, 50-bp ladder DNA; lane 1,
distilled water; lane 2, 10 M testosterone; lane 3, 107 M testosterone;
lane 4, 10® M testosterone; lane 5, 10° M testosterone; lane 6, 10" M
testosterone; lane 7, 10" M testosterone; lane 8, 107> M testosterone;
lane 9, 10" M testosterone; lane 10, 10™* M testosterone; lane 11, zero
testosterone control.
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FAFgon olue) HE FAHL 120.746.3% oI}
3 NE ¥E %%o|A 1 nM2 testosterone X2}A]
M 2] FAlFe] 7 w4 #EHA

2. Testosterone 2| =4 mRNA W80 O|X|= sk

LNCaP MEFZ welld 1X10708 AHEsle] 2447
ujoksl 3 7t welloll testosterone ZZE¥=7} 10°%~10™"
Me] BE2 7+ welle] sk 724)7F 21} vkt &
RNAZE FZ3}o] quantitative RT-PCR HP© 2. testosterone
2]EA mRNA®] W3S #3233t A Fig. 29 Ze] vie}
ot gE §3A B-actin® H]F3E AR23, AR7S, ¥
BMP2] iA1= testosterone®] 7} “giel] oisle] W&o
zto)7F AR 9lgker} BMPR-IB#} PSA Az
0.01 pM9] testosterone $E7HA] 2R} F7)31gict

Iv. 1 &

B E=2 29l Q=2 A (testosterone)> 13ke] Leydig
A EoN| A YAk ] albumin? globulin 52 ¥ 24
WA} Agste] AR AT o E AEE Ak
(Hammond -, 1983; Kelce 5, 1998) AHPA7} H-138
& B ZAAME testosterone B§- 7431 A8l
27} %o]A]= Sa-dihydrotestosterone(DHT)E 4%
©H(Zhou 5, 1995). t==2 A5} A3 AR heat-shock
protein®} A2 F2Hq] WAdo| Ve F /2
FolA) = AAgl AN ZE Eo)7 1A o] (Wong 5, 1995) <t
E2Ale] intron X9 -2 k=24 ¥RA AR
=27 vkg 840 DNA 4 97| L3} ZisHA Ho
we} MAPERge] vehdeh(Tan 5, 1992; Ho 5, 1993).
AdEztel whE7| 7kl FEEA f2A A A
FHv A NA A A5l F83 =EA) o8 HE
9] 715& g3 AHE-E Shk(Kelee 5, 1998).

A A AFAIE vRE 3o 59 X =
23 =W, 'KTE 9 AlelM A2 IR3 7]
ol ool vehis Aoz ElEglw. 53] ol &
A2 AAIA ] A2 AR iy F83 =2
of Ak, FH, aF, dAh A¥ AESHE] A8 &
3= o2 wA qlut WERlA o] Vel o
B4l B2 AdEA (phytoestrogen), 2] FE (diethystil-
bestrol, ethynyl estradiol), 7.2 %9=4(DDT, polychlo-
rinated biphenyl, dioxin, polyaromatic hydrocarbon)2} At
&] 7= E-4 (alkylphenol, bisphenol A) 5] 2)vH(Sonnen-
schein®} Soto, 1998; Zacharewski, 1998; Kelce 5, 1998;
Chen 5, 1988; Bromwich 5, 1994; Olsen 5, 1995; Kelce
%5, 1997; Safe 5, 1997, Kurata 5, 1998; Mylchreest 5,
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1998).

WiaA o B A B A2 2fsiA
AN S oF71A]717] Wil ol & A2 AN T8A v
N Z1A=} 84 vlEil 7S A Rad ¢ s in
vivo B in vitro WP 22 H71E ol Fa)sledof gt
ok A=) in viro WS A3 2R A8V S vle
22 AEY. TS SR = F44E 1@’3}
F40] 3AEA (Laskey®?t Berman, 1993; Laskey &,
1994), 3223 A= globulin} TEAE o]-83}
competitive ligand binding assay(Eil®} Nisula, 1990;
Hammond$} Lahteenmaki, 1983), A& 5215 24 (Soto
%, 1992; Soto 5, 1995) 22|31 M| Eef|AHe] F-Hx}] &
& B 3= whH (Balaguer 5, 1996) & thokst Wb o]
g Rt

Androgen proliferation screen assay(A-SCREEN) <zl
A Atere] YA S Eo A Falgt LNCaP M EFE o]
|35 Whe] l.2™ LNCaP Al #E& k=2Ale] dfsjA
7k vhSshe AleE delA  Sloh(Sonnenschein
Soto, 1998). Ligandol] 2]s}ed #AJ3kel androgen receptor
(ARY= AJ3HE =12 PSA & BMPR-IBS] 238 A]vj
3 Arkggle 2] 2hggiet

G==A 2R WERA Aol B AU S g1
7] $18le] & =FolA ARe] A3k LNCaP M EF
ol A] testosterones Zb =R 2 2]l § LNCaP A&
Fo| FAS A= Ayl on k==l 23}
of oJskS ul=. pSA T BMPR-IB F-3x}e] WS &4
sloivt. =3 A=A AP ] e AR AR
HAFe] exon 298¢ 3(AR2.3) 22T 73} 8(AR7.8)p] A
3= F set®] primer= AR mRNA 7A2] ®173A43-8- 57}

A717] $I3le] ARSI oiF 7HA] BAAM EAA AL
23} 9l apoptosiss 4 A b= 3 Y=

E-4 4] transforming growth factor-B(TGF [3) A 2] bone
morphogenetic protein(BMP) f-212] w3l-S- sl
(Ide 5, 1997; Grant 5, 1996). Testosteroneol] ™3+ LNCaP
/‘1]37—:’?‘—-4 Z21& 223 A3 (Fig. 1) well & 1X10* cells

S A E3F FollA] 10 pM testosterone 5-E7FX] LNCaP A
£7} ZA8lg 28 1X10° cells, 2X10° cells? 5X10°
cells®] M|l vlsle o 978 vkgsialen o=
Kim (1996)2] 10 pM DHT =747 SeAalA =7}
g Bae}l dx)elgdel. 1X10° LNCaP cells®] 5 =004
AZ A5 245 Pz WA BlEAE
G=E2AT FAREE 2 e WAl AelEAe] Al
o] FA7} Al A= G g1 s =3t
LNCaP AN|EFol] 10 pM testosteroned} H-E8]A Aol &

1S FAlel AEle A9 HERA A2 iE_EJ—]-
-4 A g dA] o Aazke-S FAS 5 9lE AR

71}, Testosteronedl] D& LNCaP A Eol|AH k=2 A
7 AR5} WP} e 3AS RT-PCRE 443
o PCR AHEE agarose gelollA] &l3k Zs} PSA 9l
BMPR-IB f-42}e] ¥&e] 0.01 pM(1X 10" M) testost-
erone®| FEF AAT M EAM FAAFEY F71E o]
WEEAI PSA FAARE B oEX2oE Wye] Fv)
=glom] o|zjgt A= Enodcrine Disruptor Screening
and Testing Advisory Commitee(EDSTAC)7} A| A8}t Tier
1 in vitro 7429 Q) in vitro yeast transactivation system—%
ARS-3le] Eel3t testosterone ESEFAEE 1X10° M,
EC,, 1.2X10% M) B} w2 7&%5 =90’ Connor 5,
2000). AR2.3, AR7.8 % BMP %A= testosterone®] 7+
Fxol dsle] Wae] xjo|7} TAE A AsdTh. AR2.37%
AR7.8 frAA} ¥4 AR9] el 5 vAE Ve
A AlZA) A Fospl 49 5 125 BUP
AR B o] AEe| Wizl A, #3 9
apoptosis 5ol Feldte WEnA el A4S 4
sle] E8- € 5 9lg AR AEFT
2 <l androgen receptors} A= o] WjFu|A &}
A2 Qorle 24O FAL AT WPHoe =
sl 214k PSA @ BMPR-IBS RT-PCR ¥& A}
43l A=A AR 28-S s WA Aol =
2L 22 A&7 001 pM =744 A 4= 9l
AE 218 B3 Ay Boks 10004 o] ®17ksh,
O’Connor 5(2000)¢] <=3§8+ EDSTACS] in vitro yeast
transactivation system¥®c} qIZkgE Mo 2 AlS Fc}
wEpA] £ AollA ]38 LNCaP Al 25 wiehbies
M EZA 57} androgens} % 3141e] PSA, BMPR-
IB, AR & BMP2| ¥ 2] A=Z RT-PCR HH o2 &4
slo] UL BB AR HAEEEL] Afo
Sl G w=w Askbl Wk 4 glesd, =
-o‘l—o]-__i}]] T EEAAHE 2heA EA So) tsk Ty
A7 AgAoz g el JhELS
]°ﬂ AN Ete] HEEA A EA e QlAlel] n]A]E o
S 2ag 4 qlloeE AlRE
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