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Abstract

TR3, an orphan receptor, exerts distinct biological functions in cells dependent
on its subcelluar localization. It has been widely reported that translocation of TR3 to
the mitochondria triggers cell apoptosis. However, the latest research shows that upon
CD437 treatment, TR3 translocates from the nucleus to the endoplasmic reticulum
(ER) in Human neuroblastoma cells and human esophageal squamous carcinoma cells,
and then triggers depletion of calcium pool, thereby initiating ER-stress related
apoptosis. ER transmembrane proteins TRAPs, which relate with protein translocation,
are parts of translocon on ER membrane. They are also involved in the exportation of
unfolded or misfolded proteins from ER during UPR (Unfolded Protein Response)
induced by ER-stress. Although these two proteins are both involved in ER-stress,
whether there has relationship between these two proteins has not been addressed.

In the current study, we identified the interaction between TR3 and the TRAP
complex y subunit. Further analysis showed that an intact LBD of TR3 and the fourth
transmembrane domain (TMD4), C terminal cytoplasmic domain of TRAPy were
required for their interaction. We then showed that TR3 partly translocated to the ER
when treated with CD437 or TPA in HepG2 cell, where TR3 colocalized with TRAPy.
When TR3 translocated to the ER under ER-stress, Ca’" released from calcium store
in the ER and the mRNA levels of CHOP (the ERS protein) were induced, which
increased the cellular susceptibility to apoptosis. Interestingly, all of these processes
depended on the participant of TRAPy. Taken together, these results demonstrate that,
when translocateing to the ER, TR3 would promote the ER-Stress-related response via
binding with TRAPy, thus enhancing the susceptibility of tumor cells to apoptosis

under ER-stress.

Key words: TRAPy, Nuclear receptor TR3, CD437, TPA, Translocation, ER-Stress
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Al

1 FMJLE2A TR3

TR3 (JFFX Nur77, NGFI-B #l NAK1) J& @R - Ak 12 54K L
[f) 13 SIER GRS 0L AN, SRR R R & A M R R . A 37 LI R
NRAAL gy )74, TR3 fehe LLAN RS 7 107 A A 2 0 25 W i i . EGF
AT 2 W TPAL VP-16 S REP, SHEF . b, BTk E
AR R AR

TR3TESG K EHAT AR K SERAE, & T AR AR SR 0 . iz ikt
KRG AN WEP (1) REL M EXZ 4K (retinoid X receptor, RXR)
JE BRI FRAR ) — RS2k, di4EE 2= D32 4K (vitamin D receptor, VDR) .
FCLR B %% 52 48 (thyroid hormone receptor, TR). ¥ # % 52 /A (retinoic acid receptor,
RAR) ik 28 A0 1 B A 185 5 AR 380775 52 44 (peroxisome proliferator-activated receptor,
PPAR) %5; (2) JE AR — AR IR 244, WIRXRs. COUP-TF (chicken ovalbumin
upstream promoter-transcription factor )FITHNF4%5;  (3) 28 L[S [E BE 524k, Gnif
W# %Ak (androgen receptor, AR) . HEEZFE 21k (estrogen receptor, ER) . H
S 3 524K (glucocorticoid receptor, GR). #h % il 225244 (mineralocorticoid
receptor, MR) FHERZE 52 AAH G2 44 (estrogenreceptor-related receptors, ERRs)
Z%; (4) fHTR3 (NR4AD) | Nurrl (NR4A2) FINORI (NA4A3) iX=ANiA
S T AR R A KRS S IINRAANE % s (5)FTZ-F1(Drosophila Fushi Tarazu
Factor-1) AW AL [ B2 K+ 524K (steroidogenic factor 1, NR5A1) ;5  (6)

IR LA Z AN IR A A% R T (GCNF1 receptor, NR6A1)
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1.1 TR3IW AN

1985 4F Lau S5 EA AL S/ MRATAEE KT (PDGF) AL -3/
ATHERFAN I ILR A GO/GL Gy #rh, sebe T — RAITERL W4
FRILMFERN X HE R H T SR T8 R 1 G BT Bl Bk 37 L3 [

(immediate-early gene), JfH. 54K A5 2 140 B 8 i 5 DI AH OGP, 1988 48,
AHATT AT 6 57 L PR o o e B RS2 AR LR P FURHE R 3CHT77 BEBH, 52 44
4 Nur771

1989 4%, Chang %5 A\ FH2AS ] et/ PP DR I 3% 52 1A 5K e J 35 1) DNA
S P AN SERZ TR A RET . AT F I 40 . cDNA. SR o e YR e Ty s et 25
17 598 M FERRIRIE TR3 1. 5/ Nur77 MIEL,  AM¥) TR3 47 86 % 1% 11
FEBIRT 91 % (e Em 740 S L. B, JLARBTFST N BOARGR B T K BRI

) (NGFI-B) A J% NOR-1. Nurrl. NOT %3¢ mlyE#” .

1.2 TR3 RYLEHaFNTNRE XI5

TR3 GRS TR 45 A6 #8 FL AT SRS ] e/ FEUR B 52 A S 1) ML TRV RRAIE .- AVBIX
(N e A XAF D), CIX (R IR HIDNA%G 51X (DBD)) , DIX (4
BEX) , E/FX (CHfciASE A X (LBD), SAHMITXAF2)  (F1) e,

IR R BE X (amino-terminal transaction domain, TAD) 7. TN )
A/BIX, BRI P HIAETRIZ R 5 AR AR, Nurrl Norl (JA/BIX 5 TR3
RITRIVE AL 3 AT 28%  26% 0 1% X R HE TR 3 s i Ll e die 7 XA FH 1 X3
ER R B A AR AR 9 #) AF- 1 (activation function—1)Z5 #4058 . 1) R TR3 RN 4% 55

YO DX T LA I TR 30 R e 5 DR Sp e (1 TR3 7 8 P AR A2,
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1 TR3&M5DhEXErE, 518"
Fig. 1 The schematic picture of the structure and functional domains of TR3

BT ERCIR B2 2 LR Py 71 s BE R ST FIDNAZS & 45443k (DNA binding
domain, DBD) , "Bl 24N & 75V Db SRR I B HE 25 M LA A DUA v B DR~ (R B 2
FE%1: P-box. D-box. T-boxHIA-box. Yasuhiro/ZHIDBDIX 54 & WM & 115
SFEHINLS (nuclear localization signal) [, %X i 564 S ETRI T A M
SEN TN, Kk, DBDIX S DNAZ&H AN, AL TRIM A .

P T DX I LEEIX 1EH:DBDFILBD P X 4,  SLVFTR3 AT LLRHUE 2 Y4

e A &5 & 45 #4938, (ligand binding domain, LBD) . Fe 44 it (1 AE-2 45 K4k LA
KA S S AINES  (nuclear export signal) #5407 T-TR3 CI fUE/FIX . %X
KA VAP TRIFL SO R E W40 s A0 — BRAG I % 22 19 22 oy gl 1),
Horp, AP 2BESEnm S MERAF- 11K, LBDE SECA AL S KR, 2 iiiFZ
WA RU> 10, TRIAR AT REEAT R S MR Y A, JCRE TR IR U438 T AN A T i
RIAAAE o AR IRA FRAT 5230 5 0C T A A A A L 1T il cytosporone BAE A TR3AS1MHZ)
ARG LA, $RoRTRIFAA N B AT BEAAAE. AL, #i)Etib A1y T BHIR

VNGO
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1.3 TR3 HIEHIEThEE
1.3.1 TR3 BI%ERMIETNRE

TR3 7EA% AL BE S DL I 045 5 ) DNA “07 00”454 701F NBRE
(Nur77/NGFI-B binding responsive element) (JFF4F4EA: 5°—AAAGGTCA)
UL SRR LA BRI AR TR3 SO 0 sk L e A% S AR T R YR
B Ak 45 & F) 7l 3 DNA W % Jt fF NwRE (¢ %1 % fE O -
5-TGATATTTXcAAATGCCA"™) b, b1 & # 305 ST Th Bk . 78 A0 3 1R
9-cisRA YEH] I, TR3 5 RXR L 78 — 3R AR, d 25 & RIS IR W 2% 0 RARE
B S AN RS, AR AR N T BB TR, KCLL
Pl AR AT AR | Tax B AR AR AE RS RITIA , JF LS8 AN AR A2 1 TR3
k2020, e T 40, ATRA M1 9-cisRA 5] AICD Cactivation-induced cell
death) JEVERJFIS, W] TR3 Heaim vk m7EfiliE 40 H460 1 A549 i,
AHPN/CD437 (MLBHFATAH)) #iES TR3 Fak FH 4 A= K A0 5 40

P gbAh, TR3 GiABERR AL, U S AL SZ BRI i 22,

1.3.2 TR3 WRESHMARIEE

TR3 PN 1150 R 45 22 ol e 20 Jf0 o 89 A vy s, iy ) s 40 L v £
TR3 FRIEACT = T FBIE R AL K412, TR3 (1334 RS (L2t frivsd 41 i
J45E . Kolluri AT, AR T EGF MIMLTEF55 TR3 7R/ 41/l H460
M Calu-6 Hid ik, FHARSE 1 e 40 S5 SV BERE NG S . A TR3 siRNA )
HIPUEPE TR3 345, HA60 (K4 KA1 EGF. ILIE75 5 10 40 H 34 5 e e 20,

AR, TR3 GEMS A RXR JE RS SRR LUR S RS S N o, BEiiif
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TN 20 L R R 1 R, (R BB AR A P i

1.3.3 TR3 WYZREM S MMAT

TR HH 5 AL 2 R A A A2 Thie, B AN RE (L2 40 a4 5
AR S FAEREAN B T (BI2) o AT ATRIAE IR 40 i b e & 1%
FRARAH S AR FIWE 2 — 2 JET DR T~ 40 P 28 RN A B S AN el R (Ve s 2
HI T TR3AN A R 7 40 0 5 A7 72 HORFEAN R R D A MTR3ML TAZ AN, T2k
FEACE MR 40 PRI B I Th e s MTR3%GIS e O T MR RS, JL - 2 pe e (e
IR AN AR T AR SRIE, TR AT 7R X N A RE e B (1 S L AR s i
K FAMAET:, (RS

Survival Apoptotic RXR
Stimuli stimuli ligands

//\ /1%
?I..\@A/kt
Cl N @
IR

Cyt C Mitochondria

RARE NuRE NBRE 1
wdeus (Gene Expression | / :
Qaplasm el /
(_Survival )

&2 TR3(Nur77){5 S @ %2
Fig. 2 The signalling pathways of TR3 (Nur77)
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1.3.3.1 TR3 KRR FHRINHI

TR3 L4 0 E A7 B S I At OIS Dl kg FEORFEANF I DI g B i iz ik
H—H#F, TR3 f M AL AR € RIPLE . 1A TR3, ERZKEE
TR AL A Sk, KEEIEfEUA Importins M1 Exportins /43t AKX
Ran-GDP $¢ fitfE &

BT L2 N ol B g iy At g R A ALE Sk, K
1 60KD 731 UK 3= Bhiz i 7 A Lahis i AL LB EALAR 5

(nuclear localization signal, NLS), MRIEAZENAF T HIAF D5 Wk (1D
AN ARG B 5 4 80 NLS #2155 5 importin o 8IS A4 &, R
W ULIR importin MR R AR (2) AR (il 5 transportin 454551 S &
AP AMAS: T importin i42,  H B —HLEIE 1 T 050,

R U s R R A B A A T FRT AL LR et A 4
CRMI1P® U 45 [k 4 Calreticulin®***! . KNS ( heterogeneous nuclear
ribonucleoprotein K shuttling domain  sequence) 1 HNS (HuR Nucleocytoplasmic
Shuttling sequence) P, #AKIE (B 45 S FHE R A R E S S 741

(nuclear export signal, NES), /T H Ul AL E Gz e, Hr,
CRM1 /38 AU L1100 NES B8 &R 2RISR 7Y 524k
TR3 12 CRMI M H A% i 42 s 45 2P0 LMB J& CRMI I8 6 (1105 5
PEBEAMFAIC, BEBILET BT CRM1 A5 10 8 A iz b #2, DR LMB % 1Bl

Wr TR3 A% e,
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1.3.3.2 TR3 #iz WA R 4 A =

TR3 1B FIL PR R I, ]G SV 2 — 0 R T e 2 5% 241
P TR3 AE T 40 MR R IRt i v 4 T 4l B2 (5 5155, 2 5491
JETU20 0 Li 55 ] AHPN/CDA437 bR AS49 A1 H460 41, i TR3 ik
SR SN T i TR3 AR A AL SR T RERS R SATIIA T, /5 SRR
A Ay S 5 AR AN A I (R SR T e O AH Li S8R RIS (LNCaP)
SN LT TR B, TR3 A IO A0 YA T T A0 A% A 3 P45 T AH DIk R 30k
izt Bl EGF MUIB4NM, TR3 FARFESEES S, HARAR AR
P25 AR AN N, TR3 I M SR R ey, FURAE T AR T, BEJS
[FIRFFUR IR, P15 550) TPA REBZ R TR3 #4184, JF SRR IMLs &,
kAt C BRI, AT B4 T, BRIk, TR3 AN [ 0 M40 ) E A 2k
& AR DI ROIRES, 1R W AR S D1 AR RS MR, eda ki
a5 P AN T AR Lin 88 NWARIEFTRE—AHIESE, TR3 7EAE I T -1
Wl TPA B 3-CI-AHPC 5% M i iz )m, il 35 LBD XY Bel-2 456
G i R e o R kiR L, It R C RO R . Wi, TR3 4
Bel-2 4540574 T Bel-2 A4, Bel-2 ¥ BH3 X885, HHiM T A 0 (2
TR AN, AN, KIENIE Cetoposide, VP-16). 9-JIF L (9-cisRA, 9-cis
retinoic acid) [z AHPN/CDA437 Z: 2 W)#ipi A8 eSS TR3 ¥ela BEbIR, T3
A1 E 20 TR SE Sk AT % 5 R 40 B T LRI B T I (KR
AAT]

Marchetti 251700 NS BERI40 1 RPMI-8226 HF 5 i v H ok A 2

CD437 YEFIIEE S, I8~ CD437 M T2 SR T 5 2k A4 i WP Th BEAH < BE,
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