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L TR3R P BEAR 69 4ER!, & L% — ANTR3#3) 7| Csn-B, F 35 FCsn-BE 1k 45
MM T 489545 7 45 A TRIFLARLE 5309 s - F AL M . R ANIR T F=
[ B TR3E § w4 b 355 I 9% 4m R 0. 8 it AMPKGE 3B 45 4K 4. WA &
p38AE I TR3H 4] KIE R 5 4 T ALK Aofs T 35 hmh bt —F #2748
B T TRINF RIE T ITIE . AR g Ao dp h) K2 69 8 1040, KA
A B FRNITT RAL Z AR B Ao 15 542 W &6 ek 320 B 50, 45 AR S0 A%
LR A FAT Y R A

1%ZKTR3/Nur775 ;477
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PRIN A R BAF G FURT I 25 ikt ¥eAR. TRITARNE A 45 K B Fid it 45 S DNA K L5042 A R 49
R Ae kA, W LR AR EG BT EOA LA Fo Lm0 RE F AL R AFMRAF O VER . L
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Nuclear Receptor TR3/Nur77 and Cancer Therapy

Wang Weijia, Wang Yuan, Wu Qiao*
(State Key Laboratory of Cellular Stress Biology, Xiamen University, Xiamen 361102, China)

Abstract Orphan nuclear receptor TR3 (also known as Nur77) is a product of an immediate-early gene
encoded by NR4A1, and belongs to the steroid/thyroid/retinoid nuclear receptor superfamily. TR3 is widely
involved in the regulation of biological processes, such as cell proliferation, differentiation, apoptosis and
autophagy. It is considered as an important molecular target for anti-tumor drug design. TR3, as a transcription

factor, regulates gene transcription and expression through targeting to the DNA response elements, also functions
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as a regulator through interaction with other proteins in distinct subcellular localizations. Here, we review the

functions and regulatory mechanisms of TR3 in tumorigenesis, and progress in the development of therapeutics

with TR3 as the target.
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TAD: transactivation domain; DBD: DNA binding domain; LBD: ligand binding domain.
Bl TR3ZGHREE
Fig.1 Schematic representation of TR3
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2 TR3‘EMEFREIEYFIHEE
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152 Fh R TR3ER /K SF9l f52 Busy, i
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IAELENT . R, 70 3 DR 3 1 /D B 46 W i 1 20
RIS U B TR3 5 ks, (HAE S 55 21 20 b D) s DUAS:
MR IR IEACPIS A Gk, 78 N FUIRIE . il
il A A SRR R DN SR
B FI . WA L s R R R AE TR M R

ik, HAEMIR AN /N BB Ko A it o kg A )
gh R e,

TR3FE R R, JERTRIA] AES L i 6
MR A R I R . B WITR3FE R A& A 0 A KR 7
S B 7 LS DAL A R B IR, & A 22 03 R R
#oRT L 2 4R TR i & k. TR3™] DUl f
i 08 40 ) 00 )k R ok 5 3 4 i B . Kollurid
SEPR) BIF 5T AR S, A5 i 40 e 5 H460 1 Calu-617,
EGF(epidermal growth factor). [fiLif 25 ¢ 7 22 7 %4
P RE 8 5 Z0 i S TR3ZR Ik, M1 e 2F 41 fifg 188
Wi o e L ANJETR3 JORE fie 6 0k 440 it Jid U0 2k
INS/GII 40 M K H , 140l N Y TR 3232 /K1 I
B ANHIHA604 i A= K AHEGF | L35 75 5 1 41 a4 5

TR3E/K P RIE R VF 2 MR AE I B0, %k
HALHTITER S E . LeeSFM M FTIESE, 4 IR TR3H i
ICSS, o e 20 B r) A RS, i N A A R 1
I, Caspase-3 2PPAR[poly (ADP-ribose) polymerase]ft]
BUP M. IR, oK H B B WRELURE . il 4
W79 0 T % R 5 3R 98 A0 it ik 20 BRGRAES R TR 3
JIT A5 21 (1) S0 45 AR R W], TRIFEMS A MEJ e R 2E,
RE02 58 it o968 2 B P A7 300 S B 0, A R At e )
1{‘[18,25,29—31]0

I e P PR B BB AN T R 4 it 4 A UL TR
Jio TR3[FFELE I T8 B # rp e 45 H A P,
ZengZFEPA RIS W], ML N B2 A2 K BT (vascular

W16 56 AT AR AE A LBD 4G 49(PDB: 2QW4); 41 {f,(Molecule T)F1 K {(Molecule IT) 4 A1 138 LBD %5 #J(PDB: 3V3E).
Blue: crystal structure of LBD reported previously (PDB: 2QW4); Red (molecule I) and grey (Molecule II): crystal structures of LBD reported by our

group (PDB:3V3E).

B2 AEAITR3 LBD&KLEHE
Fig.2 Crystal structures of TR3 LBD
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DAL T PE DR T PRMT L3 RA 1) F AL B
Jyt651,

TR3IGH AR5 A RE AL — 2Lt F L)

fE. B, TR34S 4 $Bcl-2 Il 3 Bcl-24 1 K AE4F
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Bel-2 70 P2 8 T 8 1 Bax F1Bak 1 LI g, i
PP T8 A Bel-xLIY) Dy g, {FBel-2 AL T
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3.3 BETMEEMA IR
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YRR, R T8 — S8 08 TR A 2 a0 DR A 2R B 1R
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TRISEAZ A [ A Hb e A6 T 2ok R 75 S 4 B 1,
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MO T3 D) A 9% Cheng %57V I, 76Oy UASE 28/ 75
FEVERIR ) TR3W 208 i A7 B 8R4k 155 3 5%
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TR3 % N it M (endoplasmic reticulum, ER)’E
Fr A AL TR3 3 40 L 0 T2 (0 — Fhoab s AL 4 i
N Ca T A A& 4EF5 41 A7 5 1 22K 3R, IMERAE 4
M P9 Ca® 1) =BG AF 3 . 76 P 28988 41 iU SK-N-
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WiE Caspase-42 1K [ N 51 A 1) PN 0T 199 8 09 17k
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PR T2 AT P R 2 A0 B o 008, AT R B, A
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EBP homologous protein) )31k, 5 24 3t -9 41 1o
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(1) /NG 5~ 2501 b g ¥6 97 I 9 A i T 22 T T
B RN T RS H AT, ATAGIT 2. 2k,
RAR TR A5 ) HE [ TR3K VA T TR Rk
HAL B T A R (R D)
4.1 LTEY

IR & — AN R b iz A A6 T 24549), el
5 FDNAS), 5 A EseT-. AT
WA %5 3 1) A0 M T A T TR A7 A A 7 5
PRI 0 R TR 4 AR Chk2, AR e VR T
TR TSI i A AEWEIR AL, B 1 R PRI o 4R,
R ETRACAE M I TR 355 2 5 sl 41 1 Il N-CoR,
I8 oF 4% A 3 F JF 3 [ BRE(brain and reproductive
organ-expressed) fll RNF-7(ring finger protein 7))3 3]
THITRINZ JCA b, F I L )E T3 PR ) Rk,
NI 3 g A0 70 7/ USRS o [R] I W 52

B i bk TRIFE DR Jig MR AT Ape™™* /I B 1 firh 984 B AR
BRASARLIRE (1400 5K ot W S ) 5517, e, Lin%E:
WEIH I 52, MR DATR3 A 8 11 7 5K 75 5 e 98 4 a9
T7o INK5 3 TR IR 1k £ TR3 H % e ia 21 4 bir
AR5 5 A0 08 T T 75 19, 1 Smurf 10U 38 35 TR3 1)
A28 BL37 FAAE Ui Sk 40 I TNK B 2 46 i 15 5 [ TR3
B B, L RIS E IR A 5 5 1 e e 4 e 1o

BT 57 2 BRIk R R AR R T, R
TR HL K4 R 59 T 25 125 2000 1 Itk e 9%
TR SRR, 2 =AM 251 . Kochel&E!4)
7J'J K H e 9% I FIFK 506K 9 55 TR3 S5 DNA TR &5 &5

o LA 22 4 1/ 7 2 TR A 11 4T ) SR HA 1004k
FHLIFTR3MI A% . FKS06HATHA 100454 F vl DL &
FNIE B TR RS T AR R TR . R,
TEAR G I R AT 2593697 g ik B2, TR3 A 1) fig
B — AN 4B PR R R

F1 HETRIESEHMELY
Table 1 Anti-tumor drug with targeting TR3 pathway

24 L/ eS| GBI Bl i 7Y
Drug Type of agent Biological function Mechanism Tumor type
NuBCP-9¢! Mimic peptide Apoptosis Mimics TR3 interaction with Bcl-2 Breast, lung, cervical
Paclitaxel” Mimic peptide Apoptosis Mimics TR3 interaction with Bcl-2 Ovarian
Fenretinide!®" Retinoid TR3-mediated apoptosis  Induction of TR3 expression, TR3 Liver

mitochondiral targeting
AHPN/CD437143:65¢1 Retinoid TR3-mediated apoptosis TR3 mitochondiral or cytoplasmic Neuroblastoma,

N-butylidenephthalide and
analogs!**-47¢!
Methylene-substituted
diindolylmethanes (C-DIMs)!'

17,28,82]

Acetylshikonin derivatives'™!

[41,73]

Cytosporone B and analogs' Fungus extract

ATE-i2-b4 and H-9""") Digitalis-like

Plant extract derivates TR3-mediated apoptosis Induction of TR3 expression, TR3

Plant extract derivates TR3-mediated apoptosis Negative regulation on antiapoptotic

Inhibit TR3-mediated cell B -catenin degradadion

targeting squamous carcinoma
Liver, tongue, oral
cytoplasmic targeting

Bladder, breast, colon,

genes pancreatic

Plant extract derivates TR3-mediated apoptosis TR3 mitochondiral targeting, interaction Lung, cervical

with Bcel-2

TR3-mediated apoptosis TR3 mitochondiral targeting, negative ~ Gastric

regulation on antiapoptotic genes,
Colon, cervical

TR3-mediated apoptosis Induction of TR3 expression, TR3 Gastric

cytoplasmic targeting

TR3-mediated apoptosis TR3 mitochondiral targeting, interaction T-cell lymphoma

with Bcl-2
Inhibits TR3 DNA-binding activity and  Thymic lymphoma
TR3 nuclear import

compounds cycle progression
VP-16 (Etoposide)*” Chemotherapeutic
Panobinostat[83] Chemotherapeutic
FK506 and HA 1004 Chemotherapeutic Restore sensitivity to
ionomycin-induced
apoptosis
Cisplatin/**7 Chemotherapeutic

12-O-tetradecanoylphorbol-13-  Chemotherapeutic
acetate (TPA)24284

1-(3.,4,5-trihydroxyphenyl)
nonan-1-one(THPN)""!

Cytosporone B

analogue cell death

TR3-mediated apoptosis  TR3 mitochondiral targeting, negative

TR3-mediated apoptosis Induction of TR3 expression, TR3

Colon, cervical,
regulation on antiapoptotic genes osteosarcoma, liver,
gastric

Gastric, prostate
mitochondiral targeting, interaction with

Bcel-2

TR3-mediated autophagic Induce TR3 translocate to mitochondria Melanoma

inner membrane
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TR344 FBcl-2 EAL 3 Bel-243 1 R AEA K, A
P TR AR SR M TR . Bk, R HITR3/
Bel-2AH HLAE A X AN AE 767 #E 5, Kolluri 55655
T — B TTR3I®E B & 2 KP4 (w44 4
NuBCP-9)BHUTR3 ¥4 H 75 X 5 Bcl-245 &, fi#Bcl-2
AR AR T L 15 26 R AR Cytochrome CIF)
T s g Mo T, AR MR A E . 5548,
NuBCP-971:Bel-2 iy 43 1) I 967 40 J (L 4 320 e e 4
)t AR U 7 R0, DAL, TR3/Bel-24H FAE H]
ATAE A R E Bel-2/N 43 7 4 A 20T B

YU 25 W) % A2 T (Paclitaxel)) ™ 72 N H T~ B 3
e FLNRIEE L M. BRI SE IR IR BT . A
—J7 1) DA RE G H 1 e Ak 2R, i 4n
WAT 225338, 5 —J7 T ] AT RISl TE 5254k, 5l
EERAR LA, )5 FEERARPIT . Ferlini®%™
RS S AZ I 5 [ 2R A48 12 (1 J5 DA I 2 DR R e e s
IRIFHIBAD, 5 Bel-245 5 I TR3Z Ik SRR
Bel-2AH FAE IS Bel-2 A W AR TR 1, 5 4k
WA AL R 2R, T3 S50 R 4H I )H T
43 RAFMREITEY

20084, FATTURA LA —E R £ 5 126 52 254
TERED AR P W PECORIR 72 1) BEAT T TR34K 4
PC A () 37 328, d 2 R IFA e T INZLAR R ) il £ %
B B2 W A L Dothiorella sp. 1t # 22 7 43 2515 1 1)
RAR R W51k A W) cytosporone B(Csn-B) & TR3 1) 4F
F RS A, XA S AN R IO E I TR3 A
AN T, Csn-BH] 5 TRIFILBDI B /K 48 A B
YR, BE MO TR sfam P, I a4 o -1
SRC2(steroid receptor coactivator 2)ff) 545, 1F I8
A, Csn-BAMY Aefig il i 175 3 TR3% 18 2L ki fA,
51 #2Cytochrome CREJ, [F] I 6818 7 4% N T I $T
T H FABREFI P, AAEAE 4 LR T i T g,
o 205 5 IR A0 ML T, 90 A RS AR 1 A KR
PACsn-BA BEAAZ K4, A1 i T KR ) Csn-BATAE
W), A W] T Csn-BATAED IS TR3/ F AR5 T 41
HPE T R OC R, IF HIRE 2 T L Csn-B 3 2%
(41 e A A S T il AT AR RIE T,
P T L — 8 TRIMW S, Ry e skt —
W RIS AR T RO SRR AL S BLE T B

C-DIMs(methylene-substituted diindolylmethanes)
Ko AT 45 W) 4 Stephen Safeift @ 41 A2 Hiiindole-3-

carbinolfC i ¥ ¥ 11 & B 1. 5 Csn-BAS [A] 11 2,
C-DIMs M HATT A=W e 45 50 e (40305 1 2 3 ) TR3
MR A P 4% & A% [ I 0B 472 e B v LA it 410
TR 3 1 7 S s v MK 3 40 R 1, vy U
IETR3 A 1) 75 AR 2E P 5T 9 WO 15 -5 40 1 1
T2, A EEME, Hrh— 274 ¥ DIMC-pPhOCH3
Al DL R TR S /K 1 AR I 12 3k IR R JE 1 fig
71, B AN T T 5 — AT AE ) DIM-C-
pPhOH A& TR3 [ e s Al 77, 3l 0 TR3 P45 1)
(S BE RN BT IR 1T DR (1 2RI KA T A R T

2 1 35 (Shikonin) & M H B 24 28 B 42 5T
Ko LiuBSUR I 52 ) U3 M TR & 11K,
75 FTR3M LR AR 1z, IR H 2 L [F TR3/Bel-218
PR AN T, R AESUMOR I E . X
— TR, Liu%E A0k H 5 5 3 AT AR 2ISK 07,
A LT O B X — AR T e T W SR IR
(N-butylidenephthalide, BP) A HA7 A4 & WAL G 5
2y AR R B R, RENS B R B TR R IAIKF,
HEM 5 S TRIMH A T, L FFIHImGE . R0
s R 41 B g 1) ] FRo-4078), - g o, R b B b B 25 4BL
A5 AIFEEL H SR 1) ATE-12-b4 R R 5 (1)
H-9 88 0] 47 S 32 i TR3K IA K, ik A 45 1
Ji Y B-Catenin g 12 5K 175 5 g g 3 =07,
4.4 Csn-BiTH4ITHPN

21 B E W 5 5L i Ashford flPorterfE 19624F
RIVANB AN AFAE“H Az A S IR s, gi
T W A 4N B A R ATk R, A
JEVATT T (T 2 B AR . GG A, — 5T
A DL I A O TS B A A T WSS, 7
TR &40 6 1 6 3T 7= A4 PR 40 TR R 3 T L 3 o 4 M
I, defFrEaridsly, BRI A1 e 4 A7 7% Fi
B ER S TR I A0 B A R 2 S EUR N TR
Tk R, AT AN G T AN AT BB T VE 22 R AN
L E T R 4 A RO T A DA A T i 2R L, R T
F=AEHE P (apoptotic resistance), AN HEN 2 12175 557
KLIr 259, R, Sk A RN AET SR AR K
XY T HRB T IR AN T B8 A T A4 AT T
AR AaAZ R 2 I8 T B R B I S 2 1 B
LiSE 7oV IR B 247 1 1 PR i b 5z o &t Jf L
AR IEIER, Jf B2 Rt AWK EE RS T
AT

FRATT S 56 == BT A AIF 90 S B IR AN PR T
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TR338 i L b 4438 25 15 5 (10 3 WL, $6 2 T A
X A% 2 AR A H g AR R B AIR . FRATT 8 i 6 TR3
R A ) P AT R 28 I A IRAK S 1-(3,4,5-
trihydroxyphenyl)nonan-1-one(THPN) & — 4~ % £ P
7520 F W 254, n DURE S PR 5 PR R
M BT, HE X HE R 308 A e AR TR B
FHIER 94 e ) B W OCBEIE PR Arg S Bk A g 744 il
IG5, THPNgh& 2k TR e S R A 3 4 i ge T
fRI5E 1. THPNS F 40 H MR PE ST 4K T TR3 ()47
fE. 7EEEZIR AN MR, TR3E AL AE M, THPNZ: &
FTR3[FLBD_L G % H 5 TR3 5 28 f A 4P 8 FINix
&5, FEAENIX T 58 B R TR3%; 15 21 42 b A4 A1 I,
0 T8 I e R AR (1) S I 3E 3 Tom & 5 4, TR3%F
o 27 AR S I (mitochondrial outer membrane, MOM)
HEN R AR N I (mitochondrial inner membrane,
MIM) b5 4 fi A4 i L 38 38 & & & (mitochondrial
permeability transition pore complex, mPTPC)[] 2% i

K F1ANT1(adenine nucleotide translocator 1)45 75,

MOM: LR ARSI MIM: ZERE R A, A Wm: LR AL

HEmPTPCALIE ) TR, T SR AR R L A7 1) 382 2K,
BT F AN ) R BOE T 40 i B . R, AR
SR BRIl A R BRI B R A R 3R TR ) LA
Rrp gt — 250 UE T THPNAE AR P [RIFE B AT R4 1) 55
T A WAL O S AR KA I E T,

SR A0 L e R I P BB 22 )
SR, bR RN 25 TR/ A SN E
BIRE T g . R 40 M AR 0RO 3 R f T 2
PO P RNECTR, TR3 A B % a2 SRR S i,
75 FBel-28% 48 A2 I 1 8 1, {2 AFmPTPCHL 18 JT
T, LRI E AT 13 2K, 155 & Cytochrome CHREIK,
SR EAHN B T ) g Az 464750800 R THPNRE S I
T TR I L b AR ig 12, A4 TR 315 2R h A4 A1 i
HENW R IE 5 N AR FTANT145 4, 51 EmPTPCAL
TP, B R AR A R 2. TRV IE, 18
X 1 R I AR U 3] Cytochrome CHIRE 1, - H.
gAML AR SE T AR M T X R FAT,
TR341 40 A0 T 7 2 e 1) OB n] fig 5 SLAE 2 br

MOM: mitochondrial outer membrane; MIM: mitochondrial inner membrane; A Wm: mitochondrial membrane potential.
E3 TR3IN LT AR SHLERIARINEECR KR
Fig.3 The relationship between TR3-mediated cell death and its MIM/MOM location
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A A AR L AN TR AT OG0 BRARAE R T2 R0 T Wt ik
Tt v 8 5 | S mPTPC LA T J55FH £ R A J5E R A ) 2
WA, H T 455 TR 2 b AR HE [n) 25 11 (WiBcl-2 1
Nix)AS [, 5 TR 3 A7 B LR A [ A, Ik
fisk A SR A [) 1 4 1 S 25 WL, A At i e 1] ) 7
alE ) PSR T (E]3).

5 REERE

TR3ZE MR BAT S 28 A2 T e . fEMR
TR (/K VA AT = R aE, 40 il 52 A 2
A, RAEIR S 2 M i R S 12 M. TR3IANMY
A DAIE o A sy T TR Ui R DR Rk K, ik )
DA b 8 1155 25 1A ELE FH 2 e i 8 40 A 1) % i
155 WM. AT, W8 R TR W R 16 7 BF 97 32 2
AL PR R TR3E 3 i 40 I 0 T 1 v . TR3
CURl AR TE 7 22 P g v A1 Ay Jir g 5 DR 0 Je e 11
AL R ES #ER. BRIk, FRATT—J5 T AT LA /N 43
T2 siRNAFNHI TR I GEREVE T 55— 7 AT
FLA T DL B TR, ARV U215 S RIA TR 564
G T I AR s B R, WS caspase ik i 1)
TR, IS BRI I H 1.

A 1) TR3H 1 I8 11 55— A JELE A2 R FH 40 1
Wi 75 5 IR 40 M A0 T o IR TS AN ) e R 3
S TR A0 R TRC AT 250 R 52, R A 7 AR U
TohutE. 1 WA T T A A — R R S v 4
WZET, A5 JOX S T HE T 0 g 40 B peh vl i«
THPNIE o 28 b A 5 0 4% 75 7 40 e 1 e e AT, e
IR 7 B 22 9% 40 R 36 X U T ) 1) A, TS TR A i K
S A/ BT T B B S b ) 8 € 308
(A KR By, ph kB8 398 (YR TTRE T 8
P SRAE TR A, RO SR i A AL
HIRIBT IR 5B T A i B B AR -

S TR 12 22 4 ki A& & W 5T mPTPCAL i 4
5 E WA TAF O s 0 B AR HH AT AR A
L) B DR . Bt TR RLIA 1)
ANTA) 5 A7 2 i) 42 HEmPTPCAL I JF 0, i) S 75
AAFEAD TMSYE, HIkS SRR 4 82
BN T A AWE) 2 LK, A ATHPN F 11
mPTPCHLIE (1) FF 56 W% b A 1) W 1 7 ok 2
ST R SN A 1 AR AmPTPCHL T8 B i
FG0 M S5 A0 F 2 e AR SRR S A
KX FEMIME T ? 4, THPNE SmPTPCHLIE JT ik

FEA SR T, 215 I I TR3-ANT1 45 4 FH W
T Cytochrome CI1JRE 5T 15 A R4 1 1 2 R A3 i
We? L EmPTPCHE G ERIEITANTS T A
WL R Pk, P & G s AR
SR 5 i T BT, R BE A% 1 1 B 5 e g A
PR Tl F RV ZE T VR FH AL R b, AR A
[V Ji R e A R AR TIEARE T B 2 M ke die S T )
TR3 (W5 1% 254, 3 i 0k 8 1k Hh 15 5 0 T8l B W
A0 % T b o kTR A 2R K, VR T IR

H AT, TR3ASNESh 7 C L pliifie, el it
CAEZ AR BCAR —FF, 8T 454 B TR A 45 45 35
RIFEDREREER . ROV G RABEZAAE, @it
JL 45 Fy 2> BT B¢ T TR3MLBD 5 THPN S 45 (1) 73
TR, 4E B IR, THPNIRAS & 45 A /FLBDZ: it
PIRCAR S & M4S, 1M A& 45 5 7EMolecule 11¥) HHH8-HO-
HI10H4) B IR 8T 148, {H & BT 25 M AN Bk ik, 78
Molecule ID6 N A7 B 20V XA HAS R AEAED
F5 b, AE AR R R — ) LA AR T
BT A e AL D RE, A4 = S Bkt
BT REANS & FLIE (1A L2 A7, R A4 o S
PEBC AR 22 A BAT ORI, SR R AT BEAT: DA P G R
ANAELE; 2) PR A O AR FCp, H AT IR T eI TG
32540 S FRRVRG I 28] A o e P AR PRI A7 A 3) Rk N FC AR T
RN e AT IRV PE ) T, 1 A — 28R A
B, HaA RS e KA IDRNA . R, 22
R IR 5 7 SX I ) LA B2 A 11 4 PN AR 75 AR 5 4
B ARFORL I 732 b 058, LA R FRAT 0 P 4590 L
W2 A D Re i P AE R 1 — R . H i,
AR BN 7RIS B0 0 2 BT N 28 20 kg B AT 1 i ek
LR RN EE AR TR LRIV Z 4k
IHfE T ¥ SR o
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