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[Abstract] Androgen receptor (AR) is one of the most important targets for the treatment of male prostate cancer. Computer-aided

drug design (CADD) has played an increasingly important role in the target-drug binding mechanism and the discovery of novel drugs.

With the help of CADD, it is feasible to explore the dynamic mechanisms of AR-ligand complexes which will help provide important

clues for the drug design targeting AR. This article reviews recent progress of CADD in the exploration of AR dynamic mechanisms and

drug discovery.

[i{ey words] androgen receptor; computer-aided drug design; dynamic mechanism; drug discovery

T 8 % 5Z & (androgen receptor, AR ) K H: it
I R AR BAESE RN . WL AR5 5 B e
HEAEEMER " RE ARG S 5 2R
i B UIAROC, A A7) i g | fﬁ/ﬁ?T’@imﬁnﬁ
(androgen insensitivity syndrome, AIS) . # #& %E

BT A 2023-06-05

TEEH. a7 T FaeLERIFE (2022 44 ) ;

Rz RoLE R IAEE (2022 55 )
*HWEEE. 24, i, #2305

WIS ). MEEEXAERBS T HHuedkit. Hadhik

FaHLH B R ;

Tel: 0571-88208417; E-mail: lidancps@zju.edu.cn

*OEEEE. BEE, Bt BEA T

HIgi . ATAIE AL ENE LSS S SR EH

JE 3 ikt AR

Tel: 0571-88208417; E-mail:

i

tingjunhou@zju.edu.cn

PPS

BEMIZEARAESE 0 Horhy, BB O (5251 55 P s
WRER 2 4, EUEHMBOERY 5 Z0 R .
FEFRIE, RS I ) A0 A RIAE T 3 S A A
(R o AR U A i B A TR, T
B AR (DB RN T SR W e 2% R 25 28 R A2 R AL
WFFE R L e, AR A5 53 A 91 JIR 8 1Y)
AR R RSP E I, SR AR /N T
YIF R A TERISE, JFHEA 2 T
e RV RN, LA 1 AR SR
(1) . JEBKEF (2) FIR-ILREM (3), DIk
2SN (4) | FIRENE (5) FIIkI%E
iz (6) (WK 1) ",

AR J& TRZMRAE, h 920 DA LML L4
B, 30 3 A FEETE N-3m4iA4 5K (N-terminal

HFd A ooosirsn maT e



domain, NTD) . DNA %5 & 45 #43 ( DNA-binding
domain, DBD) Al fii {& 45 & 1 (ligand-binding
domain, LBD) . AR {55, AR 7EIEIE MR

I, AR 22 WIARSE 8 AR S, O 55 SR L 7
PL AR “RARTERL A SRR W ROTI A S A, R
BRI SRR, R IiRe P

STEPARCEAL S, MYAHENERS AR 4G
F5C g\ﬂ)@ 1 OYNH i M4 O\\ Q/ F
OZND/ o \€< ;ZD/ l)vs\\o

1 2 3 (R)
HO
H H - —NH N

NC )kN F Nne—d )\\N F - ,N_/_

NM -/ N cl N

N )/{j
0 0
NC
4 5 6

BE1 %1RME 2 RERBERZELHTEMULESAER
Figure 1 Structures of the first and second generations of approved androgen receptor antagonists
AR [y DBD I LBD 1 6 ™25 & i i O & A
22 T /N o3 - 45 PR E o AL B 25 i it
( computer aided drug design, CADD ) #H 3¢+ AR #
B CWIE2) , XS0 i fHf AR-DBD 4545 X1
P-Box F1 D-Box Fff 3 i) 2 M3 s, AR-LBD [ FC ik

2t & 4% (ligand-binding pocket, LBP, & [T/
TGN ) . BIETIEEIX 2 (activation
function 2, AF2) . &5&IIREX 3 (binding function
3, BF3) A1 K Fmm 454 10 4% (dimer interface
pocket, DIP) I,

A B

A) AR-DBD 1) 2 /N4y F 45 4 A0 i B) AR-LBD 1) 4 /N4y F 45 4 A7 55 AR: androgen receptor (¥ % 52 &) ; DBD: DNA

binding domain (DNA £5&45#438) ; LBD: ligand-binding domain (FLf&&E 43580 ; AF2: activation function 2 CEIGIIAEIX 2) 3 BF3:

binding function 3 (454 TEEX 3) ; DIP: dimer interface pocket ( ~RAFMLE 41145 ; LBP: ligand-binding pocket (FL&&: 4 1148)
E 2 ##REZER DNA SEEMEBNEFESHERI/ M FRNAH 6 NMEEMNR

Figure 2 The 6 binding pockets discovered for the binding of small-molecule antagonists located at AR-DBD

and AR-LBD

‘f@ %ii/& 2023428 H4TH H8HM Pﬁé Prog Pharm Sci  Aug. 2023 Vol. 47 No.8 -

)




. Prog Pharm Sci  Aug. 2023 Vol. 47 No.8

ToigEd 1 IR 2 ALy, fEZh—
B Je, AR BERRIYHE | 2500y TS LR R R
FERRIREE MRS | SRR SRR R LA, B Lt
AR HU ) 25 K FE AN TR R BE A TR 2, B 28 A 4705
R R, AR T I RIR TR M T
SR IRT NG, 2 Fh ZREAEOR N T A
[0 (525 (0 57 B R B 9 JF & P Horh, CADD
TR R A - B S S HLH RS, ) 2 AE
i 25U 7 T A BIE S, LB RS B 70 4 S B AR
PERRER LB MRFAY LS. Z5ik CADD HOR1E
AR S AR RIS AU LT 16 PSSR A By
R, R )58 CADD $iARTE AR 25977 & iy
AR 2 2 A O RS P 25 %

1 FAMNTENHB AR TRAR
1.1 &g

8 b AZ R 1) 25 4 S R BLAUCA R B B
M)A 0T, i I AR RN T8 fig (artificial
intelligence, AIl) il 2 H [ & H AR % A
T AR DL S 36 AR AT 1 [F] 8 A7 4 — 2540 5 Bk
BAR, A E ARSI = g g5 i i ik U AL 454
TN A 1t AT AR X 2 i 0 32 1R = e 45 4 A
JP A Z 00 06 R AT U R 38, 1 T0I0 A A A
() = HEZ5 . AT S5 K0 TN 1Y) 2 1 B 4540 ) 23K 3
J 7 AKF B HER B, AR PR EOR 1 AlphaFold,
RoseTTAFold, ColabFold, Uni-Fold % ",
1.2 5F3E

O3 F X R AR IE S R TR DE R RGeS DT RE, T
MSZ AR FIRCAR Z [ S5 SRR — R . 7EAS A H ik
e, Ay R AT PR I A2 AR 53T LA S22 A
g A, oA LU R2E/ NV 2K, A
DNA FI RNA. FE8 [1-/Nr 10l Jy 1, 28 iy g
TR X2 )7 A AutoDock, Vina, Glide &%,
DA RGBT RS T4 104 SRR DiffDock 45 17
1.3 ETEHBENFE

TR ) LT 1 A8 7R A 1G22 R AR S
F ol A I A PR R 25 R Y Jk it |, B R AR
PR, BB WE (SE0T 85U W ——
XPEENZAR, IR IR T R THT 704, IRk

PPS

HEFSERT . 2508 1 AL 5 W T L e ik . X —
FOR B s i KRB Ak G P, RS a1
WIEE LG, TERCRAA A AL TS50 1
o 3 R LA B A U

1.4 BT E 5%

BT B R SDL O AR AR VE ) TR E SRR
NS oA G T TG PR AR A, DA 4
M2t HBA ARG 7. FEE AL BOR AR
R, ZRh ZAETE IR AN o 2R AR Y
AN, 35T O AR (%) R DL 1B 7E A AR ROC R
Br . 2RI AL i AL G AL BR Al b, TV
(CEINE PN 1) I
15 SFahhFEEH

BT ] 5 A B AlphaFold 45 AT £ A
VIR 245 e B8 A 05 M 3 RS A A, DL B
WX S sh & R, 1431 3h 1% (molecular
dynamics, MD ) BRI XA g8 # nY B 24
AR MD BEET 507 018, il fE i oA
WroK g itz 2 77 12, ISR 2 1 s i 12
BRI ST, BERS SETE I RSN R
AP, N S2 A Z R R 5 a5 5 AR X L AR5 5 1Y
TR ZGHLH] . B2 - TGS A A 2 AL 45 22, tkah,
MD DL Bl By 245 F4) R XoF B — 118 A2 42K it AR 25 4
AR BRI ZE R AT ZREE I Bh AR S5
1.6 &4 B8 HEETRN

5 R LRSS G i Y O B SR AR 48 bk BD
PSS Al BE. 456 A maew s a 1T
PRA (MBS R RLEE THLAR 7 > 94T 73 R R
BT BRI (IR R, BT
RS ) MM S A HRETHE [T T
I B 2% 1 1 (molecular mechanics/generalized Born
surface area, MM/GBSA ) . 4 J12% /1AM - IR
252 R ( molecular mechanics/Poisson Boltzmann
surface area, MM/PBSA ) | #& AR HHAE (#7124
By, AmAEMIE) 1% ARRIA E dREB ik
AANE B SR, and T R Bt s BE e, H]
TR R ; HREAR A B Redm T EEE
HX A 25 A AR R ZE R 5, [RGB 4%
wr, P, W TR R T RE A AL

HFd A ooosirs maT e



$HFd A 2o2sEs HaTE Hem

Y-S ARG BE R RR ) MM/GBSA 1 MM/PBSA
T AR R T 45 K () 400 07 0 F F 40 I T v A B
M) B

2 T EHHEBNE NS TR R FE A R AR AR
WERFE S ER R A

i T AR-LBD 1] fifs {4 25 ¥4 gk A1 AH 6 52 3% D) K
AR-LBD /i & %/ ], CADD # R 78 3£ T AR 4
FRpL A B9 05 1 22 Fl 28 AR-LBD I, AR-
LBD %k 2 N [FJE AR-LBD 4, H8ukH
A 3RS A tIEE HL FATH3 JE R EE 12,
FHI2iE H4, HS, H8 A HO FE R a2, LI
125 H6, H7, H10-11 1 HI2 BN 3 )2 (LA
3A) .
2.1 BHRFHBESTENFIOMAR

AIS JE FFILE 46XY PER T P, R
IR Yk 46XY, (HRIMLMERE IR, K
it AIS AR SRR L, 43 R R TR e A 7
AR VE R ARBEN , HIG AR | 45 L oAE | BY45AR
SR RS . FEFAL AIS HYIHE P, (L
TE AR-LBD, BEAFTE 40 2115 AIS MG 5 278 P,
VENSCEEIGUE A T ZAN 8, MD BEAFE ML [ BH 7
R TEZAER, A B TR X H 5 AR o] 520

AR [EER B E B R A5G

Arg774 375k Cys774 (R774C) J&=F3 AIS 1Y
FETRA, MHREAEIFATE AR (Y LBP {45, Hp
RIEMER B LS AL, 1 R774C WA EEIR AR 95
AE, MR (WIEI3B) o Wi, Wu 4 PO e
ANE LR, 8 i MD AL AR-LBD B4
%l (AR-LBD"") #1 R774C ( AR-LBD"““) ({4
Ak, G5B R 1) AR-LBDY 7 S8R d 45257,
TS0 AR-LBD LBP 148220k 2) AR-LBD7*
U72E AR-LBD sl T, #FiMi5 2 £ 1 AR-LBD
LBP #5534 3) &K [ AL 423 ok FRAIC IR i R 6%
Wi, X 5T YRR RIE M G

AR-LBD A U1 ] () 8 SE R AR L 8 A,
SEAIS R E BRI 22—, b ATE R Fu 45 EY
FHEET 2 AR EMERY ATS 15625848 AR-LBD"™'* I
AR-LBD"™", D)}z AR-LBD"" 1) —B{A& 1) MD #41) ,
45 9 3 78 AR-LBDY '™ I AR-LBD™*Y — B2 {4 75 f
PR A S B, AR-LBDY' 7R 05 2
IRAPRFRRRE . RS I S0 B0 IE SRy T AL A R,
Bl AR-LBD™" BE 24 — % &, AR-LBD"™'" fil AR-
LBD"** NI PA B IE A7 #E . R AR-LBD k5
A 5] 4 58 28 2 8 AR Joik Ak, DR = vk
RAFIEHIRE

androgen receptor ({52 K) ; LBD: ligand-binding domain (FCfR4543%) 5 LBP: ligand-binding pocket (FLfRZE A 114%)
El 3 AR-LBD “R4ZHAMREMZEFIHBESUERX S REME

Figure 3 The structure of AR-LBD dimer and the location of androgen insensitivity syndrome-related mutation
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Table 1 The small-molecule antagonists of androgen receptor discovered by computer-aided drug design
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