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[Abstract] Prostate cancer is a malignant tumor with an extremely high rate of incidence and mortality in male. The occurrence and
development of prostate cancer are closely related to androgen receptor (AR)-mediated signaling pathway. AR gene amplification, mutation
and splice variant expression have posed the problem of drug resistance for the treatment of prostate cancer. Therefore, it is urgent to
discover novel targets to overcome clinical drug resistance of prostate cancer. Studies have shown that, besides AR, other members of the
nuclear receptors are also closely related to the occurrence and progression of prostate cancer. Small molecule drugs targeting these nuclear
receptors against prostate cancer have been studied in preclinical or clinical research. This paper reviews the mechanisms of action of these
nuclear receptors in prostate cancer and the research progress of related small molecule compounds.
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family 17 subfamily A member 1, CYP17A1 ) #il5
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LRH-1: liver receptor homolog-1 (JIFIE=Z K4 -1) ; SF-1: steroidogenic factor-1 (ZE[EEEA LA F -1) 5 A: androgen (HEFIZ) ;
AR: androgen receptor (HEHIZRSZ/K) ; RORy: retinoic acid receptor-related orphan receptor y (4 H R SZ /R KL ALLZ K y) 5 COUP-
TFII: chicken ovalbumin upstream promoter transcription factor II (5[ 4 H Rl & 2) T#EFE T 1) : LXR: liver X receptor (JF X
ZAK) 3 CYPI7AI: cytochrome P450 family 17 subfamily A member 1 (i fA 28 P450 % 17 WKW A it 1) 5 HSD3BI: hydroxy-
delta-5-steroid dehydrogenase, 3 beta- and steroid delta-isomerase 1 (3f- ¥ 22 [l B2 i SR /65-4 AU 1 8L 5 StdR: steroidogenic acute
regulatory protein (% [H FE A e B PE R T EE 1) 3 AKRIC3: aldo-keto reductase family 1 member C3 [ il i J5i ffg 537 1 i 5t C3) 5
SKP2: S-phase kinase-associated protein 2 (S JI# M 12) ; EZH2: enhancer of zeste homolog 2 (zeste % [F 14 5% T [FJH4 2) ;
P-AKT: phosphorylated protein kinase B (T i 1t 55 A J# /i B) ; TGF-B: transforming growth factor-p (¥41b 4K K -F-B) ; MPCl:
mitochondrial pyruvate carrier 1 (ZERRRABIEREAR 1) ;5 SMAD4: mothers against decapentaplegic homolog 4 (F}5% DPP [EJ54) 4)

B 1 #%%{k LRH-1, SF-1, RORy, COUP-TFII #1 LXR Z£ &5 i = i 4E A P&l
Figure 1 The action mechanisms of nuclear receptors LRH-1, SF-1, RORy, COUP-TFIl and LXR in prostate cancer
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Table 1 Small molecule compounds targeting nuclear receptos for the treatment of prostate cancer
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LXR@B  T0901317 Qg QX Xkas ECus0mol L1y IPOCAXRD 013

H = 1PQ6
R L (LXRS)
B GW3965 ﬁ? hLXRa: ECsp=190 nmol-L " (B) 31PQ [14]

p— . 1
hLXRpB: ECso=30nmol-L™" (B) (LXRat)

eIl

LXRo/p YT-32 W LXRa: ECs=0.41 pmol-L' (B) [15]
o LXRB: ECso=1.1 umol L™ (B)
r K JSACr Gl
RORy SR2211 N 9 IC5=0.24 pmol - L™ (B) [16]
I IC50=10.13 pmol - L™ (C)
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A: fluorescence polarization assay (¢ EmIESEH) s B: luciferase reporter gene assay (¢ G ZRAFR A FEAISLH) 5 C: cell viability assay (41
MlvEPESES) ¢ D: surface plasmon resonance assay (145 B 7R LR SE4S) ; E: binding affinity assay (45436 /55D ; F:
scintillation proximity assay (it WA HTEIAR) 5 G: fluorescence resonance energy transfer assay (2 GIEARAER LTI ; ECso:
median effective concentration (=AM ) ; 1Cso: half maximal inhibitory concentration (=% KAL) ; Kq: dissociation
constant (f# % %) ; EDsi: median effective dose CEEA ) ;3 LXRo/B: liver X receptor (IF X 5Z244& /) 5 RORy: retinoic acid
receptor-related orphan receptor y (4 FRSZ A JCHLSZ A ) 5 RARy: retinoic acid receptor y (4EH 5214 y) ; PPARy: peroxisome
proliferator-activated receptor y (i % {b 4 g 74 38 5 0 #07& 2 7k )+ FXR: farnesoid X receptor (V£ J& BE X % {4) ; COUP-TFII:
chicken ovalbumin upstream promoter transcription factor I (3% 5[5 25 (11 _LJi# 5 8 75k H ¥ 1) ERa: estrogen receptor o CHEWIE
Ak o) 5 ERRa: estrogen-related receptor o (MESZE A K524 o) ; LRH-1: liver receptor homolog-1 CJFJIE 52 #4& FJ54-1) ; SF-1:
steroidogenic factor-1 ([ EEA K F-1) 5 SHP: small heterodimer partner (/N5 AR

Fukuchi % P & ¥ T0901317 Rl LIFIHIATSARSE  Nkx-3.1 (homeobox protein Nkx-3.1, Nkx3.1) f 3
YRR HE TR, FLXE O M P 20 B R B VRO SRR, DA AR AR PN I R S AR 81
MR T p27%" (cyclin-dependent kinase inhibitor i Rz pseizs (ILE 1) BY,
p27°%, p27 ) FEIRIEIN . S WIIMEEAE E B 2( S-phase 1.2 FE@EFF X 24k o/p BEREI BRSNS TFILEY
kinase-associated protein 2, SKP2) Fikjh/b, X— LXR /N F W A KB 228, —K 2
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(WE 1) o WFRER, SH% T T0901317 Al [l Y BEAE; —2R2E8 mmiishn,
#REL LNCaP A Ko T0901317, GW3965, YT-32, GW6340 %5 (L& 1) .

Pommier % B & B T0901317 i ] LUl i F Hop Tularik 23 5 A4 (946G 4 T0901317 1 185 >4
A AKT B 2 1k F 0 9 5 IS R 2 I IR S8 /NAE & sl 5w (GSK) /A Wl F & 1 4k & ) GW3965 1 J
Wi, A S LNCaP 40 T, X PR BJE LXR R A T AR LXR #shil, &5 KRIE
%5 T ATP 45 & & ¥ i /K G1 ( ATP binding cassette 4 A [t . f5 3 & 09 % A1 J1. 4L & % T0901317 7
transporter G1, ABCG1) W LiH M S8 MAEEER) L5 LXRa K445 4, 2P B0 ik E (median
S [) 3 (A5 P I A AR P R [ 15 1 R BT 33k, effective concentration, ECso) 720 nmol-L', k&34
oI % A LXRo/B™ BOEH B /INE T, zeste e GW3965 1] LI AL LXRa ( ECso=190 nmol -L™)
a5 [R] Y49 2 (enhancer of zeste homolog 2, I LXRB (ECsp=30nmol-L") . BHFAFUEHX 2 4
EZH2 ) WK TEC T MmN GOEER B SRR TR — 2 ] T LXR 7EH7 51 B
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BT EA R AP AR PE R 25 AR 8) ) 2 e
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. BRI EME S . Zheng 5 M RILRIR Y
FERIOHE 2R T LA RORy HY/N3F il 7). 78
M5 3R (surface plasmon resonance, SPR)
ScEerh, PEHIOBEME AT 5 RORy-LBD #5445,
Him s w % (dissociation constant, Kq) 4 5.05x 107
mol - L™ PSS 28 1T L7 4N B Rk 4 1l i 71 it
S 40 22Rv1, VCaP Ml LNCaP B35, 7 22Rv1
SRR /N BB rpr RO i 2R T 2 o
I AR K
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o EAERN S 4 X 4EH R (all trans retinoic
acid, ATRA) 454G Dos 4 H R (5 5 5% 2k AR
PP T AL R 5 58, AERRMLIR B A AR 1,

ATRA 7] DL i3 P8 45 RARy 52 i F 30 i 51 i i
AN & . BB AR L2 S AR ROKSE Y
ATRA (7£ 107 mol - L' JEIFIN ) , 3k 2=/ HARIT Y
IEH RS ARG 1 AN EE S Ry ATRA 7]
3 A POE RARy SR 57 41 it ges 40 6 43 Ak B i 1 40
JiL, AR R 2 AR AN R A R A S A TS . ] RARy
AT IR R w5 B 7 e s B
3.2 ERAERBRZE y HMASIREDN S TFLEY

B, FHFisERI T RARy M4,
Hammond 25 * % 3, RARy il 5] AGN194431 1]
DA A 30 B g A0 B 38, (A& P94 RARy
(44 (Ko=70 nmol - L") BEABERM:, X RAR &
BERY Y3 2 A~ RARa Fll RARB A 25516, &
JE SR BRI B RS T RARY BB/ N> T
il AGN205728 P, ZAL AP X 5 RARy 45
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4, EDsy 4 3 nmol- L', AGN205728 ] L BH Wi
BRI T e U 2 A A T 71 s 2 L P S
DI A I ) PNl [ iRt U R
AGN205728 o5 4 i dE ALy 7 B4 8 H v H FiRY7
MRS (W 1) .

4 SR DEAIEENMIEZE
4.1 TR DBEIGTADINE & v SR05IRRE

PPARy J& TR IRES | KM, 2Nl £
BT, HRIREIR R Z R4 26 e iR

WF5E s, PPARy 5SS IRE B A SCHEME, H
eV F2mat 3 FhbLdlE gt s sl: 1) dadhg
Wi fR A i ( fatty acid synthase, FASN) 1 ATP 7
B4 MG ( ATP citrate lyase, ACLY ) 48R
A, AEUERTH IR AN M R AR AT 2) At 22 R /
T FRE 1B 3 ( AKT serine/threonine kinase 3,
AKT3) | it ARG s 52 A y Has
F 1o ( PPARYy coactivator 1 alpha, PGCla) F1%%{a
R4 F:# H 1 ( chromosome maintenance region 1,
CRM1 ) R SR sh ZeRiAR I A= 5 B, i
ERRIRE () K EE RS 5 3) 4E CRPC P, LIRS S
PPARY #If AT T AR {555 19 is #9.
4.2 $mid S YERKIE A Y MIE 2K v BRI AR
LU SR A

Huj, B4 —Leilm PPARy IHTHTS IR /N>
FAEYHAGE (KR 1) o Fl4n, T0070907 el
T8 FASN, Jf-i 1t PPARy-AR #4241 i 17 51) Ji fi
Joi 1 A K B2 Almahmoud 25 ™ 5 1 K 400 0 06 15
BT —RYIPURTFIRIE R PPARy SR Horp, &
TSR S7 A5 T /N A AR T IE A4 A
FAA TGS, e ygsa s ( LNCaP 44
JL ) A2 2R il i A5 i DA] S 0 3R L 0 R A
TR T34h, A 1 TR 0125 A 270 ] <5 A el g — Tl 24
9 PPARy S35 i] LA PPARy X Fir ) i ™ A=
WIPER. BT X C-X-C FEJF b 7321k 4
( C-X-C motif chemokine receptor 4, CXCR4 ) /C-X-C
P PR 12 (C-X-C motif chemokine 12,
CXCL12) Hhyp= A= dIfE -, S/ M AME 5
i ( extracellular signal-regulated kinase, ERK)
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(Y BRRR AL A i1 s 1) A 17,

5 HREE X ik

FXR %2 55 T IR, RESHIHTT R4S
GO, SRR Z A G OC IR I Rk . SR
KW, FXR XFT R4 B g 2 B LD (6 5 48 i 0L
. Kaeding % ¥ % 3 FXR 1 LNCaP 4ii i £
IR, REASTE T MERCR AR, SR MR A
AR EZAE R . 52 MY, Liu 55 ¥ g
ST PR 24U ) FXR I8 A0 HIE 5 4L 8UF fr
AR, 1 FXR 76 A 51 IR 4l 2R 0 3005 50 ik, R
% 155 10 5 Je @R B 1Y B IR G 5 5K 00 2R 1 IR
WRFEA (phosphatase and tensin homologue deleted on
chromosome ten, PTEN) [ 33531 F & AKT 19 i
FRALIKF-, DT A S A

T, SHRIE R FXR AHTRTS RN
APl FXR #shiil. Hr, RORBLIARS AR
2 ( chenodeoxycholic acid, CDCA ) K& A T.4 Wi
FXR 8 GW4064 (WL 1) , HIREHH AKT 1
wERRAk, I RTS B A AR B340,

6 WLHRBEER LR FHEFET
6.1 BHBFFEALFRHFERETF | SAT5IRE

COUP-TFIL J& T#Z3Z AR 55 1T 5%, &2 [l /
FROIR BRI 3R 32 R R 1 B 23 S -, COUP-TFII
FEPTT AL, Mook & MRS E 2 A
Yyt R R OCHEE A B SE URHE ) COUP-TFII
Z 5 TR RIEE N AV 20 B R, Ok Y
WH5E L], COUP-TFIL 7ERG A i . i . 45 B
958 AR I A5 Z R R i TPl 3k B /R T
COUP-TFIL s L UL

18 PTEN 2 /)N B b, COUP-TFII 7 fiij %) Jit
e BT B IR TR A R %) e FR R A
M. BIR PTEN SR 51E ML A K HF B

( transforming growth factor-B, TGF-B) {55 i<

T8 B A= 5t B A 00 ) i 37) i & S|, {HL COUP-TFII
] LAZE S I L% DPP R4 4 ( mothers against
decapentaplegic homolog 4, SMAD4 ) /%%,
HILIH TGF- 17 515 I iy A= K e i LU HiT 51 A
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AR BRSBTS, IR AR [0 5 A HEBL R R B e
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EAMFIR LN, ELZF CRPC 41 & F, TLX
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2R FIHCAE ZR IR Y7 0T HIT 41 H 98 4 ML %) 15 59 41 ) i
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LSD1) . &R % LMEALES | (histone deacetylase 1,
HDAC1 ) Il HDAC3 il ] AR B s 7 esh,
Wu %5 P BFgE B, TLX Al 1o ) 55 2 1 2 3 R 41 g
JET A AR A B I P 1A (cyclin-dependent
kinase inhibitor 1A, CDKNIA, p21) FIit Bk 15 &&
H 1 Csirtuin 1, SIRT) H)225#PE3R$E (differential
co-regulate ) , fHIEFHRES AR, MmiEdEar
UM KA B . BRI, TLX AT R ai o0 e i
WTEIRYT LA

HAT, A% TLX /MRt &, H
BTG R B AR T TR IR I, XA
GBI, A RRE— LT B

8 EAZK4

TR4 AL I G GL, T 1994 4FAEN
JERTF AR FNE2 AL cDNA P2 Pl va e i ote, Hepy
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WF5E KB, TRA TEJRAE (AR B AR R E
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9 BEMRZHE op
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NF-kB ) AHEAEF, DI 0 i 910 B 1) 2 Je o b,
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ERRo 75 1l 51 i 98 1) A& Jre vh R 8L 0 2 S J7 T Y
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“F-1a ( hypoxia inducible factor-1a., HIF-1a) 3%k,
F H ERRa #LTE LI HEIX 2 (activation function 2,
AF2) 5 HIF-la A HAF ] S BE#E % HIF-1a $002 %
b, 76 Lk 2 R ALRIVE T, HIF-1o AR IAH
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1), T T LRH-1 40061500 A 08 vl 55 17 41 g
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