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STUDIES ON THE ANDROGEN-BINDING PROTEINS
IN HUMAN BENIGN PROSTATIC HYPERTROPHY

Osamu ToMIOKA
From the Department of Urology, School of Medicine Kobe University
(Director: Prof. J. Ishigami)

Androgen-binding proteins in the cytosol of human benign prostatic hypertrophic tissue were
studied with sH-dihydrotestosterone (DHT) and *H-methyltrienolone (R 1881) as ligands. In the
prostatic cytosol, saturable binding proteins with high affinity to SH-DHT or 3H-R1881 were found
by Scatchard analysis. The dissociation constant (Kd) for SH-DHT was 9.4 x1071°M, and the
maximum number of binding sites (B max) was 55 fimoles/mg protein; the Kd for SH-R1881 was 5.1 X
10-°M, and the B max was 25.5 fmoles/mg protein.

Competitive binding assay for each binding protein with various non-labeled steroids, demon-
strated a specificity for DHT or R1881.

The binding of prostatic cytosol and SH-DHT was eluted by Sephadex G-200 column chromato-
graphy in 2 places, one in the void volume and one near the IgG fraction. The binding with SH-R1881
was eluted in the void volume, the elution near the IgG fraction being very small, which suggests a
non-specific binding.

The binding of prostatic cytosol and 3H-DHT increased with increase in the concentration of
Ca2t or Mgzt (0-12 mM), but the binding with 3H-R[881 decreased conversely. This change was
studied with Sephadex G-200 column chromatography; the binding with 3H-DHT showed a decrease
of the peak in the void volume and marked increase of the peak near the IgG fraction with increase
in the concentration of both ions, whereas the binding with 3H-R1881 only showed a decrease of the
peak in the void volume. Ca?" had a greater influence than Mg?* on the change of these bindings.

These results indicate a change of binding protein due to ionic action, suggesting also the pos-
sibility of the presence of a substance in the cytosol which changes the properties of the binding protein

dependent on Ca?*.
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TR o OHEERL S RMT B CENEL LA
ENTRHZD, 7o Fuy U EHBEOPSREE
U TR ERIZE1T 5 testosterone DVERIT OV THED
ENTs1z.

19684F Liao 5% XX Wilson 59 itk - T,
testosterone (XiIDRF o £ K&V ELERIDD,
ERHE#A T DHT K& mush, 207 rFoey
VYERRPRET AL EDRBIN, COEBADT R
nyr el —FROAOE ST

b MTIT B RISLERAERIEE, EEEICIS Y AR
BRPIIRO BYEREIC Y 5 § DT, ZOREBICONT
FEL 26 I FIFEBRTVBRENTN AP0 ETIZ
OERIZTHEVASZD, ULk U2EH6, BiLERIEK
IO DHT OFEROERD /5 5 OB Kf D
FIAEMEERC DHT &4 BAIciEET 578 AHEF
i g ek b, BSLERIRAREY 7 » K e
FUREWTHAL N 1 DOEEEUTHERIN
TN B2 DVERREROFEMIC O TIERBOE S
B2, tEzf Cazt R UHET AN Oh
DYBREEA A3, AFa4 RFver g —iKii b
PORBRE ABH L EPED SN TNAYE, ¢
TS BRI OV T OB /2, 2 TG, FHER
FREICHR I NI v bR IRIS BRIV Bl
BHO7 v F ey U HEERHOERIRE 215
EER, LOFBEEBHALEF Ry L EOR AT

BT A Cazt L f Mg DRERPHEHL, B TO
FRZB/IOTHRET 5.

KRMEBLUAE

EEICII A AR R RS R T, A
BRAR T BRI DBR TS & IS AR SRR 2 v
T2 WU TSRS 121 bic ik L CREOHK B2
EDBROTAY TR, ERICTHEL, 7225
EEMCAC AL —70°C i TREL. sk
BRI R BRI RIS IR IO RIE T 5 £ L DSHE
BINTWA.

EEEDH 5 F Lid Table 1 ITRINTNA,

ML U Tos48E 0.25 M sucrose, 1 mM EDTA %
&t pH 74 @ 50 mM Tris-HCl %2 %% (Tris-
EDTA buffer) 2394 fF8INA, #J bw THEY
FAZUTO B, BEEICT 105,000 g 607y i
WL, EERY4 RV —UEEUTERBICHN.

FA NS —DE BB v v By T
(BSA) Zjf@ueppr & U Lowry 2 I X DI EX
N, WEOFEBRICIIEHRESY 2mgml W53k 5
ICFHRU TR

Z 5 u 4 K& testosterone binding globulin (PR
TBG) Ofsa REUTHVWIC v Mg, R RAS
TOBIRMLZ ~ Y VIHRILC K - TR, —70°C i
THEEFTRELIL.

Table 1. Assay procedure for the binding of dihydrotestosterone (DHT) or methyltrienolone
(R1881) to human plasma and cytosol from human benign hyperplastic prostatic

tissue in vitro
Prostate{BPH)

Homogenizing the tissue

Centrifugation{105,000g, 60°}

Cytosol preparation — Protein determination

Ca?* or Mg? +>
added
{

*H-Steroids + aliquots of cytosol{plasma)

/

Dextran coated charcoal
treatment

\

Sephadex G-25 Column
Chromatography

Centrifugation — . Sephadex G-200 Column

l

Radioactivity in supernatant
was counted

Chromatography



B ORISIIRIBAE « 7 v Ve S VEAES 269

E#H2 o4 e LT, New England Nuclear
(NEN) #BIDER7 v Fn s v Cdh 5 3H-methyltr-
ienolone ((H-R1881, 87.0 Ci/m mol) ¥k 7f 3H-di-
hydrotestosterone (3H-DHT, 50.6 Ci/m mol) % >
7. SRR 7w 4 Fid Sigma #H XY, ZLUTEHK
Fur RAF L Cdh B promegestone (R 5020) (2 NEN
kDAL

BH#HAT a4 FE$A vV ~v% 4°C TTH 4
vF a4 pLU, HEKIGUTFE2 b9 VKD
AW Sephadex G-25 column chromatography (G-
2575 &) WL hEES - IEEATERORLIL. 35
100 f5 EOFEBBA T v 1 FRMA TR TI 2
U, EA—OXEE#RETCL DEEeR2IREENES
BEU, INRHREHSA T o1 FERIFOMEE L
DE|ELBRNTC D DZ2HOMERE L LI

D EICRIR U TR EOFIT DU Tl 5.

FERANT VRKRER, BEEAT eI FEA U Fa
N U A MY E T MEE 0.5 ml iTFE =

S U REWK (0.059% wiv ¥ 2 k35 500, 0.59%
w/v Norit A, %2&{p Tris-EDTA buffer) %» 0.5ml
mz, &y v o 2TIOWHEEREL, 4°C T100ME
BUIZDB 3,000g ¢ 15 EE L 12 LED 0.5 ml
BIEHECH I VT 4 N4 T VERL, by
vF L —%&%-—~ (PPO 10g, methanol 20 ml, toluene

980ml) % 0ml JIACHFEyr Fr—var vy
a8 TSR 25U, REEERDI.

G-25 # 7 2T X BHEEEDE &I BB O HER
PRI, PIEE lem 3 25om Q% 7 2 %[H, 4
VEF AN v a VDG PR T, TrissEDTA
buffer “TiEH Uiz,

Sephadex G-200 column chromatography (G-200
75 4, P 2.5 cm, &% 100 cm, Pharmacia, Swe-
eden) (%, Tris-EDTA buffer [ TH®E 15ml/h @
FAFRTCHBML, v s vsravy g —T 5ml
TOERLIZ. COBEDYTIME, HELUDF
FAT URREEINE G254 T AT THEEIHE
BHRELIROMEETEZEMA LI

T4 PSRBT AN AETE T Ry
U LA F D ENBEOERIL, EHEE 1 mg/04
ml DY 14 PV RED, LU, HINETHHRE
DEEDENBEDI VYD LETR TRy Y a4
F 1 %t TrissEDTA buffer @ 0.1 ml 25003 %
CELL-TRUAT

Y vET LTy (BSA), vhi ey uT
D v, Norit A, ¥ 2 |51 5001k Sigma 4 b,
Sephadex G-25 chromatography, Sephadex G-200
chromatography, Blue dextran [ Pharmacia Fine
Chemical 3k YBALIZ D TH 5.
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Fig. 1. Time course of binding of 3H-DHT or 3H-R1881 to human benign hyperplastic prostatic cytosol
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= B B & Bz 4 bV —vic sSH-DHT %171 sH-R1881
k (2x10M) ZINA, 2485 F TORHARBOREZEC
1) 7¥ ka5 YEREEOERIR 2FFANT RRETEELUCHEE, 1% a2~
% 0.2 O—0 ®H-DHT
g XX 3 H-DHT plus excess cold DHT
‘g’ ®—@ specific >H-DHT
®
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Binding to prostatic cytosol as a function of *H-DHT concentration
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2x10°8 4x1078 (M}
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Fig. 3. Binding to prostatic cytosol as a function of SH-R1881 concentration
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0.1 A
25 50
3H-DHT Bound (fmoles/mg)
Fig. 4. Scatchard plot of SH-DHT binding to prostatic cytosol
Kd=9.4x 10-1°M, B max=>55 fmoles/mg
5x1073 4

3H-R 1881 Bound (fmoles/mg)
Fig. 5. Scatchard plot of *H-R1881 binding to prostatic cytosol
Kd=5.1x10-*M, B max==25.5 fmoles/mg
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Vs VEIE T BT TORSEOBINEELL, #
DBUBEETRIARETH -7 Fig. 1). 4 Fan
4 v 2 VORI IS 5 *H-DHT %72k *H-R1881
DEERBLBEAL TRHABERBSIIZTBELEH L
EE 108M~2x 102M B TR & & SEAfic#L
7z (Fig. 2, 3). LT - TLi# H-DHT 7213 *H-
Ri881 ZFAWTr v Fusr Uil 8B HOTH 2B C
o BRICIE, EHER 2mg/ml DY 4 hU—uv 05
ml |z 2x10-5M ¢ SH-DHT %7712 °*H-R1881 »
AT, 4C TTRHEA v F x4 PUTL

EBEEFBIC LIS - T e ML Y 1 v
— V@ H-DHT & %\ SH-R1881 w4 5 4
SEH% Scatchard plot?® Tk harkrLTz.

DHT Txtd 2 @uEEsug 9.4 x1070M,  £oki
SENIEE 55 fmoles/mg protein (Fig. 4), \»-iF
5 RI1881 i A BEEERIZ 5.1 x10-°M, HBKH;
SERMIENE 25.5 fmoles/mg protein (Fig. 5) &7,
¥4 VU~ DHT kot R1881 s %25
BRE T oD » AHEEEAPTHEI NI

P4 MV —HROF R ey UREEEHORREES
WE9 5 BAYT, *H-DHT %7212 *H-R1881 D100f%
BEOBEORERESR A7 v 4 FRENL, *H-DHT
BBV SH-RI88L &4 b~ ED AP
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WHEINLI M EBEELI.

A 7 v 4 FIERIEED, EEAF oA FEf
AHHEDESR T ha— (100%) &L, &
AT v 4 P2 DRI THER, av
hE =T A ENE TR UK (Table2). SH-DHT
X AE, DHT 2355 A,

testosterone &
Table 2. Steroid binding specificity of cytosol
protein as steroid with 3H-DHT or
SH-R1881

Competing steroids % of control

Ligands
3H-DHT *H-R 1881
DHT 27 53
R 1881 84 32
Estradiol ! 47 68
R 5020 92 41
Testosterone 34 61
Dexamethasone a7 96
Cortisol 94 o8

30 40

Fraction (mi)

Fig. 6. Gel filtration on Sephadex G-25 column of cytosol and TBG bound to *H-DHT



B IS BRIERE - 7 v e P v ESERS

g L]

'§ V, 19G
“\é 1000 A % \Z
Q

K2

°

(=

2

Q

m

500

273

280nm.0.D.
0.5
* e hd L]
Ceece,, soe e
0
BSA
N7 e 31 R1881

00 3H-DHT

50

Gb 70

Fraction number {1:5mi}

Fig. 7. Gel filtration on Sephadex G-200 column of cytosol incubated with 2 X 10-*M sH-DHT
or 3H-R1881. Dotted line shows the optical density at 280 nm
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Fig. 8. Gel filtration on Sephadex G-200 column of human plasma incubated with 2x 10-8M
SH-DHT or 3H-R1881. Dotted line shows the optical density at 280 nm.
B BEA L, estradiol A 2 hBAETARET, diol 3 »ABESE L7253, dexamethasone, cortisol

R1881 § BRI 7255, R5020, dexamethasone,
cortisol T DNTRE &L e -7z. *H-R1881 D
AT A8A, RISSL T3 - & d M, D

T R5020, DHT 351 I testosterone &fik, estra-

TIREBEAERE L o1z,

2) ZrFrofFr#EaEgolER

BSRY 4 MYV —rgizide Mg e SH-DHT &
ACIRTTITHEA Y Fax 4L, ZREN %
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G25 75 a2 HOTHE BHUIZEE® Fg. 6 iIT”RL
72, MHE L ESOEIR 6~12ml OB N,
FEETEEDONIEFTH 12, 6, HEDH
RBITXBT X 5 L 5 iThH#KIC Blue dextran %2
A, BLINzaEPERUI.

t Mg s sH-DHT & %4 & sH-R1881, giirig
¥4 FV =~ & SH-DHT & 343 H-R1881 » %
NENA vk o ~4 PLIZEDR, G25 55 & CHs
EBOEOHRTHLUT, 3B G200 » T 4
CHWUIZ. BILERY 4 bV —v & *H-DHT D&
HITHNTiE, DX ODPROFEDERS2DODE ~
rhsEBoNt. 375H 5 void volume (Vo) iz 10&,
v hFresady opEHEInAsE (18G 4HE)
H/ENE I~ 1 DBHINI. ¥4 vV -0
& 3H-R18381 D54 Ko Tk Vo it 1 oD~
7 21820, IgG FEMN KD~ 2R T{bTHT
btz (Fig. 7). v bM4FE H-DHT Fiziz *H-
RI1881 LA H% G200 5 A THHTHE, &
b IgG DEMREIC Y — 2 24 D105, sH-R1881
LOEEECL{bTNTH-1 (Fig. 8).

sH-DHT 3% ¢F 3H-R1881 Omiicsd 2 Ea%
Scatchard plot X g U712, DHT O FH
1t 108M DA — & — & 787255, RI88L T T
BCOEBERHETCRHELAY, RISl tMiffs
DESRHBENTHESEEL NI

B B9 4 bV — v DHT 4 BEHRDWTE
RDAF 0 A4 KORY 2R L.

F2bb G-200 %5 ATHEGEAR 2 OONHEIT
SHE, FWELL, REEESX T v A FRRMUTES
Rie®RIF TRV, T3 27 VRRETHADEZD

Table 3. sH-DHT binding specificity of the ma-
cromolecular fractions from cytosol elut-
ed by Sephadex G-200 column chromat-

ography

Competing steroids % of control

V, Fraction 1gG Fraction
DHT 76 62
Estradio! 89 72
R 5020 95 93
Testosterone 82 €8
) Dexamethasone 96 99
Cortisol 97 28

LTz, FEERRR 5 v 4 FIERIIOMSEIEOHN
fE%2100% & L, EHAT v 4 D100 5] (2x10-6
M) ODEEAF v A A TZEOESTEOFHIE
BRIE ST A B TRUIC (Table 3).

DHT #&&EHD Vo BLI¥ IgG HSED 2 2D
ETEIT 5, RERX 704 PO SH-DHT #E&IcHd
AHBOUDTIIIE->THY, SR 1gG 0E
WBAHEHRR 7 v 4 FOBER, Vo LB A5
B IRELBS12D5, ZNFRONERBITAE
Bx7o4 FRX AEBMEMIZ—F L. %72 Table
2 ORFEAF v 4 KO SH-DHT OfESicnid 3 |EE
EOTH, TNL 2 0DHEICKITAEEERL h AL
iz,

SH-DHT & % i *H-R1881 & pisrfg+s4 kv —
VORSTHT S Catt &5 Mgttt O B% i
U7z, 0.5-12mM @ CaCl, » 31N MgCl, %
g4 MV -V (BHEBEE 1 mg/05m) ORI%
PEBIL, e 2x103M @ SH-DHT %7173 sH-
RI881 &% 4°C TTHHEA v F a4 bL, FF2
b UVRRBCTHADEZHL, 1402838
WESDOEENIEDHAEZ 1005 LT, Z2heD
HWPHE R L. H-DHT O 485137
Cazt O BIL, ZOBEOHE INTE $75-T H-
DHT & O&&IZEIML, CaCl, EED 46mM O
HUYTERITEAREIED, 12mM TEFER-T.
CaCl, 25Z /50 ¢ 5D H-DHT s DHEEE» 2
pe—&l, CaCl; £ EIBT 520 &8
DEX HMELIZET S, CaCl, 2mM TREZE pl
0.01, 12 mM T p<0.05, 2 DEOEETH p<0.025
LB BEEVEE &% R (Fig. 9). AR SHR
1881 EBIMIRY 4 R — v & Dt ST g %5 Cat
DB HITH, CLOHE CaCl, BEOHEIMTE
72w TZDESIWIRL, CaCl, 8mM T p<0.05,
10mM L F 12mM G p<0.025, &, avbn
—v (CaCl, ZZ 50 & SOFEE) IKhl, HBIC
ENEEE L2572 (Fig. 9).

BiSTEEY 4 U —v & SH-DHT #7713 3H-R1881
LR Ele g5 Mg OFE% Fig. 10 iIKRL
7. MgCl, BEOH I & 3 51 SH-DHT OfE&
ML, 4~6mM TETEE-T2. tIRETE 2
mM T p<0.025, 4mM T p<0.0l, 6 mM ¢
p<0.05, 8~12 mM T p<0.005 £ 2 b u —vick
LEEBEOEmMZR UI.. *H-R1881 0412 MgCl
BEOHIMT E b 2> TRDERZRLUIZY, 12mM
TOH p<0.025 L HEBDOETFTh- 1.

noi¥5 SH-DHT 35X *H-R1881 & & MW 4E
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0---0 3H.DHT

150 1 &—e 314.R.1881

Bound {% of control)

100

70 1

~~
T

T ¥

8 10 12
CaCl, {mh)

Fig. 9. Effect of addition of CaCl; (0-12 mM) on *H-DHT or 3H-R1881 binding to cytosol

180 o ’

Bound (% of control}

100 1

70 1

:I:

0--~0 3H-DHT

\ &—e *H-R-1881

MgCl, (mM)

Fig. 10. Effect of addition of MgCl; (0~12 mM) on SH-DHT or 3H-R 188! binding to cytosol

EDFEEIDNT Y, SRS 4 N —vDEBEEE
iz CaCly & AWz MgCl, OBEE 2753y, #
OISO ZBE LT, H-DHT DO#al CaCl,
BEOEIMTE $ 72> THEML, 4~6mM TIIZHE
KERSTHERNFTER -T2, Z OB Mg H-

DHT & 44 MV~ VDRGSR BT LD 3 2B
KEZ ot tRETRT CaClk 0.5mM T pl
0.05, 2~6 mM T p<0.025, 8~12 mM T p<0.01,
CEBRBEMTH B L & ERUIK (Fig. 11). 3H-DHT
te NUEORAIT A Mgt O BLHRTD
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Fig. 11. Effect of addition of CaCl; (0-12 mM) on SH-DHT or 3H-R1881 binding to human plasma
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Fig. 12. Effect of addition of MgCl, (0-12 mM) on SH-DHT or $H-R1881 binding to human plasma

b, MgCl; 6~8mM TZOK & TR KEZ-
72, R ZOBMBEH A PV —MTBY AL 0K
Xhpoizps, Catt @ SH-DHT & v MO EI
ST AEL /I o1 t RETIE MeCl, 0.5,

8, 12mM T p<0.025, 2, 4, 6, 10 mM T p<0.01
EHEBOEMTH S EMNMENT: (Fig. 12). *H-

R1881 & v ML DFFEHICOWTHE, ThTH
Td b, Scatchard plot [T X A0HH3T & FIRIGRN
GEEEBALND L &R, CaCl BL ¥
MgCl: OBERX I Z2ELEEL, EORECINT
by b o — Vil UBRBSHEaOELIZ R Nk
-7 (Fig. 11, 12).
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5 1500 A
& o——o0 control
g e—— CaCl, 4mM
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3
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@ 1000 -
-
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Fig. 13. Effect of addition of CaCl, (4, 12mM) on gel filtration on Sephadex G-200
column chromatography of cytosol incubated with H-DHT )

Io 116

1800 A

1000

3H-R1881 Bound {cpm/fraction}

500

BSA

l

e&——e controt

x-=---x CaCl, 12mM

X,
X=X XX K oy

40 50

=T T

60 70
Fraction number (1:5ml}

Fig. 14. Effect of addition of CaCl: (12 mM) on gel filtration on Sephadex G-200 column
chromatography of cytosol incubated with 3H-R1881

SH-DHT & %03 SH-R1881 iRy 4 + /) —
W EDREEICET S Catt L F Mg D% G-
200 75 L BANTE LICEELAMET LIz,

SH-DHT LIRS 4 F Y —v & DRAT, CaCly
BINASNEED G200 55 2T X A HAAE—
A bhun—weELT, CaCly 4mM 8L 12mM
EUIE GO sz — % Fig. 13 1IGRLUIZ. 2
Yher—TER Vo ORsZs¥—~r & 1gG o EN

FEDINE 78 — 27 B Tzh3, CaCl; 4 mM D% f#
T Vo DY —2iday ba—lic U TR &
TU 1gG DEED C— 27 132 e 4 &0,

CaCl; 12mM OEATIRINLED Y — 2 DELIE S
SICHRE & 78 -7z, SH-R1881 ERIIEY 4 F/— v
& ORG-S5 Catt OB (Fig. 14) 13, 2>+
v — Wit CaCl; 12 mM QAT Vo DY —2
DEIICEAD LTS, 30O ETCRELIEA LN
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Vo - 19G
1800 4 o control

——e MgCl, 4mM

X -==-x MgCl, 12mM

1000 4

*H-DHT Bound (cpm/fraction)

500 -

BSA

!

60 70
Fraction number(1:5ml)

Fig. 15. Effect of addition of MgCl; (4, 12 mM) on gel filtration on Sephadex G-200
column chromatography of cytosol incubated with. SH-DHT

Ve 189G

1500 - l l

1000

3H4-R-1881 Bound (cpm/fraction)

500 A

BSA

l

e——e Control

x--==x MgCl, 12mM

X,
XXX KXo Ko

60 70
Fraction number {1:5ml}

Fig. 16. Effect of addtiion of MgCl, (12 mM) on gel filtration on Sephadex G-200 column
chromatography of cytosol incubated with SH-R1881

oz, SH-DHT ERiSTEY 4 b/ —v & D& AT
%95 Mgzt D% (Fig. 15) &, Cazt OB LR
fEilcar b -t MgCl, % 4mM, 12mM
EEILIRB E Vo DY — 7 DR DBLZFDOR 4
S bhREg IgG DEMEDE—~ 2 D KREH LD
7703, Cazt OEEICHA Vo O¥ — o DEEID:
b>-7z. Fig. 16 (2 SH-R1881 LFINLIRY 1 bV —~0v
LD BB LT Mg O HE2RUICLDT,

MgCl; 12mM O i Vo O — 2 DETHAS

NEOAC, EHREBIEE—D/ -V ThoT. C
D% Tt Fig. 14 izxi7 5 Cat &b Vo O¥—
2 DIRT X WDzl
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Fig. 17. Effect of addition of CaCl, (4 mM) on gel filtration on Sephadex G-200 column
chromatography of human plasma incubated with sH-DHT
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