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Ligand Binding Specificity of Androgen Receptor Mutants detected in Prostate Cancer
Shigeki Tokonabe (Department of Urology, Saitama Medical School, Moroyama, Iruma-gun, Saitama 350-0495,
Japan)

Advanced prostate cancer may often progress as an androgen independent tumor in spite of androgen ablation
therapies or medication of antiandrogen drugs. This diverse resistance to the hormonal therapies is thought to
be due to the amplified, overexpressed or mutated androgen receptor (AR). Previous studies indicated that the
mutated AR loses the specificity to the ligands. However, the functional relationship between mutations of AR and
specificity of ligands are poorly understood. In this report, the author shows the dissociation constants (Kd) of
mutated ARs to eight ligands including an antiandrogen drug (hydroxyflutamide). Only one amino acid mutation
in the ligand-binding pocket, can cause a significant change on the binding affinity. Loss of ligand specificity is
observed in the mutated AR such as L701H, H874Y, T877A and T877S, of which mutation is located in 3 or 11
o -helix of the ligand binding domain. Various changes of the affinity are seen among the mutants, which suggest
that the mutated ARs could be different mechanisms for tumor growth in prostate cancer cell.
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NB. £iz, IHEETHZH7 > Far VEOARRK
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ARD cDNA DI O—Z2FRI7Z—DFEA

AR @ c¢DNA 1% pSGAR2 I #f A &E N 72 IKHE T
Chawnshang Chang i L 5t 5% 2 ) 7z, ARICIE
N K fEis O cDNA I GC Bl 4 & EsiB%) (Fig. 1A)
W O 2hidY% PCR THES 2 2 LIE TE Ao 1.
CDIZBLLTIRT ESICARD cDNAZ 3 DDT 5
7' X M3 T, pBluescript II KS (=) D~ )VF
jVora—=—>74% 14+ (MCS) @ Sal I site & Bam HI
site DT 3 B THIA LT, pAR Z/FHIL 7=,

9, ARD C K fHEK D 1691 H 5 2757 £ TD
cDNA 7% PCR C ¥ g L, Hind III site & Bam HI
site 7= AU T pBluescript IT KS (=) O MCS IZFiA LT
pAR-HB Z{E#I L 7=, & 51, NAREHD 1Hh 5
117 £ TD c¢DNA % PCR Tl L pAR-HB ® Sal I &
Hind III site DI A L C pARASH Z{E# L7z, &
%Bic, RO D 11815 1690 FTD cDNA DT 5 ' X
> b ZHIFEE%2 Sma I & Hind III © pSGAR2 H 5 Y] 0
Hi U 7%, pARASH O Sma I site & Hind III site O[]
WCHEA LT pAR Z/EHIL 7=,

ZER{ED cDNA DESS

BT CHE TN TWAE Y AV REESERALOZ
BT, hOEBOMEND 2 G5t 8 MDA Bk A3
U TIEEL L 7= (Table 1)>7"* ™, 8 fifgEr, L701H,
V715M, R726L, V730M, V757A, T877A O 6 FEEEIZ N5
WAEATIME D YEF TR I (Stage D) TRl 517z AR
LEATH >, £z, L701H & VIISM 13V A R
FEEEAID 3a- NV w7 ADEAIC I B ZEFEKT

Table 1. AR mutants in prostate cancer
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»H v, H874Y, T877A, T877S X 11 a- "V v 7 ADH
MICBIFBEHEATH > T2

ZEROIEENCIZA ) IRX 7 LA F RIgEL R
(Kunkel %) ZHWiz, URORT X1, £I9T
¥ )V7% &3 pAR-HB O —A G DNA ZFH%# L, W
TEHOEGAIEAY IX T LAF REHWT AH
DNA Z &K, ¥ — 27 T2 A TCEROEEE %
L, mIRICZRE 2 pARICH A L TZE (K AR O
cDNA 7Z1ERf U 7z.

— K3 DNA 7z i % 3 % 7= & I pAR-HB % f L
TBW3BBDav¥sr Yy MillazEE# L, ~N)L
J8— 7 7 — ¥ M13KO7 (moi=20) & 1 0.2 p g/ml
DIV I U EEGATEREMTI7T CToRMET#EL
fz. BiHh 7 5500 rpm T 10 7 @O L, T D B
I polyethylenglycol (PEG) VAik7ZIEEA 5 % PEG /
0.5 M NaCl 725 X 9ICA T, =i T 15 7EkiE
Uz, mifg, L7777 —Y7%TE (pH 8.0) T
WL, PEGIAIR CHERBLTY S VIV ZEAT
pAR-HB O—A3H DNA Z % U /z.

AR U 7e—ARBH DNA WA & 7B K o1, &R
FEMTZSHHOAY IX 7 LAF K (Table 1) %5%
Lz, cnboAXVIX I LA F R EZNTNTS
DNA 9 —t7ZH\TY Vgt Uiz, —A§ DNA
IC 7 =—)V&H T7 DNA RV X F—E % RN
STV, TV EEEANT D A DNA ZH
U7, 2tz DHse I ¥T ¥ Ml T REICH
WIBHTLICkD, UV EEER S HEHOZ R
{AD ¢cDNA #1587,

ZN 50 ¢DNA 7 pAR @ Hind III site & Bam HI site
O HiA LT pARL701H, pARV715M, pARR726L,
pARV730M, pARV757A, pARHS874Y, pARTS877A,
PARTS77S 72 /ERK L 7=.

change

mutan . .
t base amino acid

oligonucleotide sequence

patient information

location stage authors

L701H ctc » cac Leu » His

V715M gtg ~ atg Val -Met 5'-cagctigtacacatggtcaagtgggcca-3' 3a-helix D2

R726L cgc+ ctc Arg»Leu

V730M gtg » atg Val »Met 5'-cgcaacttacacatgccaactccaggatg-3' 4-helix D2

V757A gtc »gcc Val » Ala
H874Y cat» tat His » Tyr
T877A act+gct Thr » Ala

T877S act-+ agt Thr » Ala

5'-tttgcagccttgcactctagcctcaatg-3'

5'-ttgcctggcttcctcaacttacacgtgg-3' D1

5'-tecttcaccaatgccaactccaggatg-3' D1
5'-gcgagagagctgtatcagttcactttt-3'
5'-ctgcatcagttcgcttttgacctge-3'

5'-tgcatcagttcagttttgacctgcet-3'

3a-helix D2 Suzuki et al.
D Watanabe et al.
Culig et al.

Elo et al.
Newmark et al.
Marcelli et al.
11a-helix B  Taplin et al.
11a-helix D2 Suzuki et al.

D2 Suzuki et al.
11a-helix B Taplin et al.
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Sf9 (Spodoptera frugiperda) il i &z & HF (High
Five) #ifdiZ Complete TC-100 &5 (10% FCS) 7% Fu>
T27 CTHE L. pVLIBR2 KD N TV AT 7 —
N7 Z—pTOF IZ, ZNZFNDOE{KD cDNA 7 Nde
I site & Bam HI site Z L THY 7 7a—=>7 L 7.
5N DNA1Opug L DEFRNF 217 )V R
DNA (BaculoGold™ Pharmingen) 0.25pug &% 5pul O
LIPOFECTIN (GIBCO-BRL) % T 0.5X10° 0 Sf9
M b AT 27> ay 27 °C, 4K Liztk
3HMREEL, MERHBLZIC K > THELZ KT 2L A
ZpER LTz,

FERE LT 4 WAZLUL D HETT 7 — 7K
BlU 7z, 2x10° D SOMIfIC EE Lie Y ¢ )V R %

GORE LEZ 1, 10, 100 pl D 3 BFEIC 71 TG
27°C, 4D &4, 2% NuSieve GTG Agarose (FMC
BioProducts) Z #H g L /z. 27°C T5» 5 7 H [#]
BEL, TI—UBHRRBICT A IVAZEAET Ha—
Az MmN LTz,

To— UM U VA ZEZL T Hu— A
£ 2X10° cells D SOl fid & & 24 well O 7 L — k
T27°C, SHMWBELY 4 )VAZMEE L. 2V
INTEHDORBIZ MRS % T;Kbkim'llaaéﬁ‘flﬁ 4 VA
100 pl 72 2X10° 0> HF Al B i /& 54 (27 °C, 3 H )
I, UL 7z HifeZ 150 pl © sample buffer |Z VAR,
<D 15ul = 8% D4 )V % H T SDS-PAGE 72??(/\
Coomasie Brilliant Blue (CBB) T#:fh L 7z. D 1
FIFRBEDRDENITZT 4 VAT 2 Exﬁ%ﬁb(l&@i%'f'm
W7z, 40ul D7 ¢ VA & 2X10" cells 0 SO il %
150 cm* D7 X AT 27 °C, 3 HEEEL TE HIchy
U, mEZICZ ORI i 4 ml & 5x10° cells 0 S9
Mz 110AE Y F—T7 5 AT 27 C, 3 HERE
LT, el 3ERRETHME L /2.

ZEE AR QDEIR

BEE X727 ¢ )LV A 40 ml & 5% 10° cells ® HF #f
Mz 11Oy F—T 5 2aTH#EL (27 °C, 481
), ZEAKARD R VNI EHZ REICHEEH X B 7.
[\IUY U 7z i fE % 20 ml O R 7 (20 mM Hepes-KOH
(pH 7.9), 10% glycerol, 100 mM KCI1, 0.5 mM
phenylmethylsulfonyl fluoride, 5 mM dithiothreitol)
KRB L, B REr Ay —2HVTHEL
U7z, ¥E LU T=dhit 7z 15,000 rpm, 4 °CT 20 43fH
EOL, HEZMahg e UTHEaERBS X UG
FERICH W 2.

2 HERBRRUBRERR

HBERER
il £ SR BRI
D 100 ug O AR % 287 Bz Fn Tz,

R R 2B LTI R d T
U Ay Rk

AR YA FiES

DR 27

0.2-16 nM @ [*H] Mibolerone (PerkinElmer™) 7%
Wiz, fEE B 20 mM Hepes-KOH (pH 7.9), 10%
glycerol, 100 mM KCI, 10 mM sodium phosphate, 0.5
mM phenylmethylsulfonyl fluoride, 5 mM dithiothreitol
Z 5 100 pul ORISR T 4 °C, 8K T 7.

F S % 200 pl 0 hydroxyapatite (731 4 %)L HT,
BIO-RAD) AL, L7 & —LfEa Lk PH
Mibolerone 7% 7 . )% — (Whatman GF/C filter) THl
N U7z, RISHRIC 0.1% Triton X-100 % & A 72 YEHHR
S5ml TY ¢ )V Zx—7% 3 i L, #i%, 5ml Dk

v FL—%&— (0CS, Amersham) % T [*H] Z&
WLz,
FRENMESEIRISRICTNVENTOHAEND

Mibolerone % ZNZFNDKIHFHRD [PH] Mibolerone
1,000 {5 DPERETHE S THE L.

A=t
i A 92 1& 5 nM @ [PH] Mibolerone % i W C,

mm%%aﬂﬁ®ﬁﬁfﬁm@kﬁﬁwﬁﬁ5u

YEZMA Tk, iS850 Ficik
dihydrotestosterone (SIGMA), testosterone (SIGMA),
S -estradiol (SIGMA), progesterone (SIGMA),
cortisol (SIGMA), dexamethasone (SIGMA),
hydroxyflutamide (H ALK X Ot 5) Z{EH L&
(Fig. 1B). #ifilifh 5 EC50 2l L, £k
Ki = EC50/ (1-+[radioligand]/ Kd)
WX D KiflizgtE Uz, BRI 3 EfEfTL, 7—&
R LB X f# AT Y 7 b Prism 3 for Macintosh ver.
3.0a (GraphPad Software, Inc.) Z{#iffj L /z.

BRI DI AIEE DT

NCBI Structure @ & — I X — ¥ (http://ncbi.nlm.
nih.gov/Structure/) H5 AR DV 7> REEGENALDAT
WhEGEZ AT > a— R L, SRER L -2 ADZ R
DONiE EFEE Ry b EDOBRZKIR LTz (Fig. 3A)
VIAREEE Sack 5 OO DHT &V 4> RS
N DG LIzET Ve vz, MMV7bucmD
4.0 Z[AR—L_R—=IU Xy va— R U L.
MEEIEAS SRy FB DB KIIC12a- N w T X

ZEDBRE, SRER L 2R kO 2 SN2 IR
L7z (Fig. 3B).

7w R

1 ZEEAR DIERERE

S DARERGEZNF 2O T 4 )VADER Y
N7 BEREZZHOTHF Mile CfFEH X B
SDS-PAGE %, CBB %t 717> TZ O R B & il 38
L7z (Fig. 1C) (mock (& IFEH D HF #ifid, wild type
BARZEZERVARKDNF 20y ¢ )V AR RGP
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Fig. 1. A. Location of AR mutants, The AR contains
structural three major domains: N-terminal domain involved
in transcriptional regulation, DNA-binding domain, and
C-terminal ligand-binding domain. The all AR mutations
examined in this study were located in the ligand-binding
domain as indicated. B. Ligands used in the binding
assay. C. Expression of AR mutants in insect cell, AR was
overexpressed in insect cell by using baculovirus expression
system. High Five cells infected the recombinant AR viruses
were cultured at 27 °C for 48 hours.

30.0—

72t m), HAEMARDNF 207 ¢ )V ABEG X &
7z HF fiffdic 3T, 100 kDa O K& S IC@BEFEH L
72 AR DNV KRBTz, Fiz, @“’\“C@?“Esﬁi’(%?*
AR FERD AR ORI B2 7. TDTDIE
FERIE 7V — R Offifadh ik Z2 T, HF #ilao N
KPR VST DR Z T 5 LI BiiTE Tz,

2 ZEHEAREVAY FEDESR

BEEERRUBRSEER

DIMICRS Ko IckiaFHEMmEBaEBmz{ro 2 &
TIIVATAY b=TTINNVENTWEWVWIH R
W U CHREEERZIRET 5T MW TE. X7,
[’H] Mibolerone % > CHs &3 # 17\ (Fig. 2A),
Mibolerone & Ofif#E %k (Kd ) 7R 7z (Table 2).
TESRL U 7= 8 Bl JE D 28 4K 9 X T A ['H] Mibolerone
EREBT AT L RERR Uz, XPRRSEERIE HF Mgl
j3-galactosidase 7 i Fl| 5 B & & 7 Al il i 72 W
TiTot. 74V Z—TEILE Nz [PH] iZ AR O
i 72 W72 9250 1/100 LR 72 - 7z,

T dihydrotestosterone, testosterone, f-estradiol,
progesterone, cortisol, dexamethasone, hydroxyflutamide
DOEF 7RO > K7 [PH] Mibolerone IZ i3 &
¥ (Fig. 2B), BiGH#R TR S5 N2 EC50 "5 ThZ N
OfpiEE (Kiff) Z5H3 U7z (Table 2). X 7-fiRifE
D 95% DEFXEOEZ 77y IWITRL, BN
AR AR &R U THEIERWVE D Z5E0FES, &S
250)72% fid e L.

17 /BOERICEIIDLT, FHLZ8HE
$a-p L701H, V715M, V757A, H874Y, T877A, T877S
D6HHBFDOELRATIY A Y FEDHBICHEERE
fEhA 5 Nz, L701H i cortisol, dexamethasone &,
V715M (& 8 -estradiol, progesterone, cortisol &,
H874Y (% progesterone, cortisol, dexamethasone,
hydroxyflutamide, T877A, T877S!Z 3 -estradiol,
progesterone, cortisol, dexamethasone, hydroxyflutamide
EIRVAE B 2R DR RN DN TV

¥ 7z, DHT L O# G IEBFAER AR (Ki=10.0 nM)
& U C L701H Tldikss (Ki=47.0 nM) LT\ e,
V715M (Z 2RISR G DR < 7> Tz, VI57TA 321k
PNCHEA SS9 < 72> 72, R726L & V730M I3 XTD
A R UTHAR AR S IZIZFREROFEEZR L
FEMEOZLEAENIEh o, TOXKIICU AR
FEEENID 17 X/ BBOZFIC K DR REDOKRDN S
&0, EERICHE DM 580, 35X 5ED,
FEAEZILLUENE D EZHEZELDH LN,

17> FO4 > % hydroxyflutamide & DS
TryRarvEHeETA ETH EENEHT

v Rua % 3o hydroxyflutamide (3 B 24E % (Ki=342

nM) & Lbfig L C H874Y (Ki=58nM), T877A (Ki=14
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Fig. 2. A. Saturation binding experiments of ARwt, Saturating binding assay was performed using 0.2 - 16 nM [*H] Mibolerone.
All AR mutants bound to [*H] Mibolerone and the dissociation constants were calculated by using Graphpad Prism 3. B.
Competitive binding experiments of ARwt, Competitive binding assay was carried out using 5 nM [’H] Mibolerone and
increasing concentration of unlabeled ligands. EC50 were worked out from the competitive binding curve.

Table 2. The dissociation constants (Kd) of AR mutants to the ligands

[°H] & i ; Dexa- Hydroxy-
AR Nilboiarons DHT Testosterone B-estradiol Progensterone Cortisol S flutamide
ARwt 5.1 10.0 3.3 68 93 13110 8831 342
(45-5.6) (9.0-11.2) (29-3.8) (38-123) (79-110) (10816 - 15900) (6365 - 12250) (245 - 478)
L701H 6.6 47.0* 55 115 139** 30* 951* 4440**
(6.5-76) (44.1-50.2) (26-11.6) (87-152) (119-163) (28 - 33) (775-1168) (3539 - 5571)
V715M 4.5 3.6* 2.6 22¢ 27* 4946* 6693 152*
(34-55) (34-39) (14-48) (18-27)  (23-32)  (4335-5642) (4895-9151)  (137-169)
R726L 5.3 9.8 32 136 115 14100 14500 459
(4.0-66) (82-11.8) (29-3.6) (98-188) (89-147) (12200 - 16290) (11680 - 17990) (399 - 527)
V730M 52 8.0* 3.6 112 86 13340 11390 552%*
(42-6.2) (7.4-87) (3.0-43) (94-133) (76-97) (11370 - 15640) (8335 - 15560) (482 -631)
V757TA 7.9 16.1* 6.3** 174** 184** 16640 29450** 749*
(7.0-8.8) (14.0-18.6) (5.5-7.1) (139-219) (130-259) (13160 - 21040) (20450 - 42410) (667 - 841)
H874y  20.0**  22.1** 15.5* 81 33* 2648* 4258* 58*
(15.2-24.8)18.5-26.4) (13.1-18.4) (40-164) (24 -45) (2136 -3282) (3359 - 5397) (48 -71)
T877A 3.2* 6.1* 2.6 22* 6* 926* 754* 14*
(28-36) (56-66) (1.9-34) (17-29) (49-6.8) (824 -1041)  (593-960)  (13.1-15.5)
T877S  2.3* 3.4* 1.7 18* 7 1911* 928* 20*
(2.0-2.6) (30-37) (1.6-19) (13-26) (57-7.9)  (1480-2468) (749-1150) (23.2-35.8)

* indicates significantly lower Kd or Ki than that of ARwt
** indicates significantly higher Kd or Ki than that of ARwt
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BUADHBI L WV o 72 AR D FEE DN#E O T RE: 2 R~
LTW5., ZEAOWDOMET > Rar VDY
AV FORPICH LU TRIGT BT EMNHENT NS
N, ZEROWMICEZ ) H Y REDFEEOE(ETEE
LU THB UM AV. SEOfRT, UAHVER
BESMTIZ1IT7 I/ BOERICE>TYUHYRED
OISR ELCR T e D, o el
VAV RGN O THEBICHES G EZ 5257
S/ GRy FAKRY b)) DEEL, VAV RICHT
HRFRMZEL TV D EHEENS. ARTIZY A
VREDHEERT Y b (Fig.3)dFE& LT3, 5 11 a-
ANV I ZATERENTWS Y, SEERIL - 8 fiE
DZERIR AR D5 B 5 ffifH (Table 1) BTN 5D a-N
Vw7 ACBFBEFRATHO (L701H, V715M A3
a- "V w7 A, H874Y, T877A, T877S M 11 -\ v
7R), D, TN H Y REORSOR RN
Fo Tz, W TNLINDERAL DA F TIFAS IS
KELERZBIEASNEZWL. LENMS S, 11la-NU Y
ARy BARY FIWFET S EHENTE %, C
DX D IR Mz K> T2 EFRIK AR B A DY /2 R
CHEBT B T L THEEEMICE K ATREMEDH D, T D
T NN WIEBRESIEDORNDO—DTH S EE X
5N%.

Xz, SEMERKUZRANZS THB LD I,
AR OZFIIFIADORNIAYE X D L EITIETZ <D
5N3 Y T, BERANNDIBIAEIC X D FERE
R THERALZ>TWVWBLEEZLONS.

7> P07V EETEE AR DFEFES

Hydroxyflutamide &7 > Fa s v &ad 5 T b
K& 7 Y ruay oz E U725
W T W 5. antiandrogen withdrawal syndrome T (3,
H874Y, T877A, T877S 75 & DZHA AR INZ DA &
LTEADNTWVS. SHIOERTINS DA
AR Tl & Lrifig U C hydroxyflutamide & DfE &
WEEICHRL > TV, TOREIEZHT > Rar v
HEHEA UTIRBE T D AR OREE DB AR & 28 FifAk b
TH—TH35H L8R 2 550 @8I TER
N5, 9xbb, KEHE—TH O HICgHWIEEZ
FOma L, MIENERZE D ZRATITHROIEENE S
N3GH L THS. HMEDFE—DEE, 17 ray
VEOMEHORENFRICTH-TH, T DK
WESRIRTIEHWIEN S & 1EMEZFD AR OEIGHE
KRG OHEEICEH L EZAONS. BETIIER
RDFRWTEPEIC X D S OEIELMEHE S NS5 L
TE%. CORCELTIE, 5%, 7 ruay o%k
RSB LT AR ORGEffT 72175 T E THLMICR %
EEZLNS.

7%, L701H T!Z hydroxyflutamide & D#E & i3
BRI LR U CHRICIIN. TDT &5 L701H T

Fig. 3. The 3D structural model of AR ligand binding domain
that bound to DHT A. The locations of all mutant ARs used
in this study were indicated. B. The 12 «-helix of AR ligand
binding domain was deleted in order to see the ligand binding
pocket in which L701, H874 and T877 were located.

FIREERITH o 7min ks R 235 T LIIN#ETH S &
EABNS.

EEHhEFEY
UHYREDEE T EZOMEMEIZHEE T % 1
MRH 5. EEOREENEDN TV S AR
AR (L701H, HS874Y, T877A, T877S) %#H# % &, il
fh & & 32 ¥ 7z B-estradiol, progesterone, cortisol,
hydroxyflutamide 7% & TG M DB E TN T
WB PP EESEERORE RN S 3R T DL E(K AR B
7Y RaF U ICHET BT &, L701HY ® T877A ™
DY A REEERT v MIZBEEBALMI B AR &1
EFER—D3XTHETH B b, EDZEFAKAR
&I ER L FEIRRICR T Y MEEZER LTS &&
AbNhb. —F, LTS 2=y REDHER,
IKERES, A4 VD, BUKkss, 77TV I—)b
AHD 4 DDRFLRNIVOFEEDRH EEZ ST LN
TE3. TNHDTFLN)VOFEEOHITHEEZL,
WREZMb 25 | Z i T LIEME 2 oA T 255G DMFE(ET 5
EHERIE NS, LT 2= REDEIEES
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