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Abstract

Abstract

Retinoids, a group of natural or synthetic vitamin A derivatives, play an
important role in the regulation of cell proliferation, differentiation and apoptosis.

Some of these compounds have been developed as effective anticancer drugs.

The biological actions of retinoids are primarily mediated through two classes of
nuclear receptors, retinoic acid receptors (RARs) and retinoid X receptors (RXRs).
Both RAR and RXR are encoded by three distinct genes, a, B, and y, which are highly
conserved amongst species and spatiotemporally expressed in developing embryos and
adult tissues.  Their distinct distributions suggest that individual isotypes may have

unique and specific function.

In this study, we show that the expression level of RARYy varies among different
tissues and that it is frequently overexpressed in liver tumors. Using 7z vizro cell
culture system, we find that RARy upon binding to its ligand all-trans-retinoic acid
(ATRA) interacts with the p85a regulatory subunit of the phosphoinositide 3-kinase
(PI3K), leading to activation of PI3K and its downstream target AKT . The activation
of PI3K/AKT signaling is accompanied with phosphorylation and degradation of
inhibitor of kBa (IxkBa), which then stimulates nuclear translocation of p65/RelA and
and NF-«xB transcriptional activity. Based on our mechanistic studies, we have also
screened a natural products library for antagonizing the RARy-mediated NF-«xB
pathway and successfully identified a flavonoid derivative Acacetin that can induce
RARYy degradation and inhibition of RARy-mediated activation of PI3K/AKT/NF-«B
signaling. Together, our results demonstrate that RARy functions to induce
inflammation of liver cancer cells and their growth by nongenomically activating the
PI3K/AKT/NF-kB pathway, suggesting that it may represents an attractive molecular
target for developing anti-liver cancer agents. Our results also suggest that Acacetin is

a promising lead for developing new agents for treating liver cancer.

Key words: retinoc acid; RARy; PI3K; NF-kB; non-genomic action; hepatocellular

carcinoma; o-fetoprotein; acacetin
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BLAGHE S PR 2 A8 (GRa, ) RS SZE (MR). HEBERZ & (AR),
M E 2R (BRa, B ZWEZE (PR HRIFMEZMA (TRa, B). 4 H

B3k (RARa, B, y). iElE X 2k (RXRa, B, y). 4E/EZ D3 (VDR),
SRR A= M) 52 1k (PPAR, B, v) FIEL H Ax 2 19U L A2 44 (orphan receptor)
&, Ly 29 M SE 200 SRS

S

FEREE b, RS MORIE TR A, fEfay. B, WWishy). BREshar
AAKRAAAE, 2B ZIRZEKE. BT eEM, UL AN L aaH
IRIEIWE S FRBRANYEA: 28 A/D B2 AR D912 5K o EEEAE IR 5%

MATTRINAZ AR IE I VF 2 95 D2 R, SR P I 4 A% 52 AR B L3 5 DX TR il ik &
SR 2N L AR ECAR DL TS 2R M DR, 3 80T B2 R i R
J&o KRR IALEE R 5y Ry A5y, N 3] C Bk sy AL By C. DV E
MF X, Hi A/B KRR JPAIMEE ) b 2R, %X &k x,
FRoA AF1, P8RRI SR IR 1~ it Ak B At A SR DAL 7 AH B S AL B
PRAER o BTNV A/B XA AT R B AR S Sl kA ORI, (H A
/EAPLEIEANG 2 . C XA DNA 454 [X (DNA-binding domain, DBD), %X
Wmﬁﬁf«f%ﬁiﬁ%A%hmmﬁ@m AW$ﬁPﬁ@&mﬁB®Bm)

o D XA —ZARMKHENX, AV A A T s 1Y T
SERLAE T o B IXAHRECK (20 250 NEUER), DRI 2%, AR 455 X
(Hormone-binding domain, HBD){.F E [X, ItAbh, E X8 HA FHK w8 145
ey BA BB, B, S FAUURL. FI BB R . 2R E
DR FEFAEAIX, Bl AF2. —SER 2 AATE C i 51— B EZ AN FIX, HIT
AR F X IR E DRE . 2 A0 S A iy, R A S Al
[ B A 110-111],

*AEHAD T EFR 863 T H (2007AA09Z7404) . BREAE AT E (200710023 F
2008Y0062)1) %% B .
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B 1. ZZEN SRR
Fig 1. The structure of nuclear receptor

B ARIE e B A e ) i (BCARD) AHE S, SIRMIR AR RN, 2
R B KT o SRR S LI AR B R e, HAE
R T 52 A 20 AH N O A 55/ 0N 23 70 G 05 3 I TS YA AR o A A DR ) A o
WP, P EAEY RN AHAR 2 R 8 R WA 32 AR ] DLIE o i PR sk
(Nongenomic) W% 1) 7 AKAAER o 0l U1 Lok 2 R AE R L84 S E R T v]
MNANHIAZIT RS B M5, 5 URAN R A 5 R o ARBE DR e s A e A% 32 Ak
ARG, Ak, BT AN EEEE, (S R SR, R
e S AR LRI A 24 AN 4 A% S AR IR B 42 e B N ARV 22 50 T 1L
BV BRI PR IEFERE B UIAHOC, B X RS2 AT R I 2 R )32 Y.
P IX LB v oy 12113,

2. HERZ K RAR

MR 24K (retinoic acid receptors, RARS) 212 M8 S i vh i T —
b, e S LEE R X 24K (retinoid X receptors, RXRs) JL[FE/ S EEEE (retinoids)
DA E T . AR — BRI BN T A g R 3 A 7Y, RERE
VFZ KRB EAr i st A, B an je i k. B9, AT, IRIGRE - TR |
Zh. HHIERS R, i 08, YRR A T CE N ARG
JrRE S BN . B all-trans-RA TV TR -4k (1ML,  Targretin
W T R 67, UT4E, Targretin LI AR _E AR Wil (I 399K ) A
FUBRE IR WATIREF YR T7 BOR o

RAR 7 =R, B RARo. RARB Al RARy, 43l AN ()35 (K]
Giifith, IXLEAN [ 2 (0] HAT S AR k% s R AL, fEDhRe B RAT—E
FEEEITUARTE (redundancy), fHHI T4k LK 3An LI ZE 5, X EEAN [ (1) SR A
ARARE ARSI ThRE . XSS Th B8R Ardt— D A
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RAR 718 H & 5 a1 A7 3 3 A 8 1) 4% 7€ A7 FF &1 Cnuclear localization
sequence, NLS) )5 FHEANLNNAZ, FrUAE@ G, XL ZEATEN,
DAPAT ILFE SRS I Th e 55—, 3L C-oiie i — /M %P1 (nuclear export
sequence, NES), {EXZFIIERI/INGF AR Eif5 54 ST, NES Al us, M
M5 FIX AL AR AL o FAT IR 1) 52 56 IE W] N- i RO 70 0 A% 52 A4 40 e
(K393 S Dy e AR AT AR KR4 F 116,

2.1 RAR B4

RARs H=AWARLE, o, B, Fl y10, SIAZSZ AL, #2450 b, X
FKIEF WL A A/B. C. Dy Ev FAETIAX IS (] 1) A7 245500 A/B X,
B AT AN AA T TCAA TR 3 SO G5 A 30 AF-1, =R AR RAR WEAY, S ki
IR IP AN ZE RN, SRR eI R R A A F M EY A D68, Faz b, A
RANMSEIAEY] A/B XA VFRIEE MR AP Dh g, Bl RARy ) A/B X5
FRZ TR AT, I HIXFE—Fh iR 15 BE85 1 p38 MAPK {555l & #1119, C [X 2 DNA
44 X (DNA-bingding domain, DBD), M ANEEFR MR, XA EA T
Fi etk DNA JPFIIN . 7R — AN EEfRaif b, 2R UUNRE 7 DNA 751t
LT P-box EIM=AEILIREATIN. Ji5h, DR-box fighf 55 R4
F/) D-box AHEAEH, AVFIERFRIE S S ATE BERIE — K. S8 MR E R
HTAIE 1 DNA 55, SRV AT O BRSNS PR PE I — 28 4k, H E D-box
K1 6 ANz AEMAT T DNA AR HAEH] 4y 204, E IXBUK, WRCHA S & X
(ligand-binding domain, LBD) ,&%71 12 ANadZEef—AprE, ollie 3. 7 A1l
IR ATE R AL & 1A%, BE SR MG S5 5, TS & 1 A4 2
DifE. 34k, EXHA/B X Z [0 A] Gl ik SEAh 737 N A AR T, AT X 125
DA hREART 42 7= AR g g 05161, D X J2ii/KIX, ## DBD fil LBD, fE
figRiE DBD W] LA H Hhghe, 742 2 MR AR AN K AR I 18 B JE 1 2 1)
BB, R D REEA —BAKFP, SRS AR 2 E AL, F X & RARs
FRIEA I, 5520 A SRS E VE S BUR AT G, AR XA N T A MR 14 e 7% U
TmIfetk AF-208-191,

7E RAR (&MY [A], X BRI 4L e AR, Herb C X R E B i
IEF] 97%, D XIRNENER 74%, 1 A/B XA F X REYEHER DN, A0 31-37% ;
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F DX 2R S K 8 222 ) 5 A B 5, F RAR G544 ik J — AN R R ke 1) DX 3R O[]
2)

RAR—a
Mr 50772
1 Eg 155 N8 gar 276 o 414 4iZaa
N[ A/B [C(DNAY | D [ E(RETINOID) | F Jc
e . ! fI.l:gmdu}E iz (DSD) . AL :mdzlh ;
M- Ellll]l] | ! ! : : ; ¥
]Ia 131 i waw 412 d4daa
j j % | 80% (homology with RAR-a) | 22|
o ! . (Ligand: ), . (z:) {DsD) '-{Linarbd:] ‘ ‘.Ll
Wr 50347 ' | 1 1_ } E . i
| 155 211 Ea s d.?! d.E-l.n.a
40731 % | 97 [ 12/62 % ]Mand sns ﬂu:-ulogr with RAR-a and RAR-@) | 20/15%]
Ligands) (] | (DSD) (Ligands)

&l 2. AKX RARa,B,YHIZ 1 (5] B 3CHR 20)
Fig 2. Gross structures of human RARa, B, ¥

22 RAR IR HEESHESER

Petkovich fil Giguere 2557 F1BASE 1987 4 JL-F [ i &I T RARs [21-22.117),
JE R AATIA RS RAR AN [F)MEASAE IR IG & 77 i 7 S AN ] e s 2 23 b HAT AN RD )
KIEE, XPERIX LA A2 4 n] Ge LA AR D fig. 1990 4 Mangelsdorf 55 A\ 7E
NJHAE 40 i) cDNA SCEEFUARIL T — R fE4ify b5 RAR AR KX, RERS 4w
i 462 NRIEIR ] cDNA, ERITER YR AL (retinoic acid, RA)M T,
IR L S I, AT SRR Y X 32 440 (human retinoid X receptor
o hRXRa)Po 7K, ATBEEEAEA R ARALT R T RXR HIAFAER2),

2.2.1 RAR Hy& FRUE EE

A A B R (ATRA) T 9- LA AW 34 1R (9-crs-RA) A& g5 i L IR R 35 BR AT A2 )
MUk 3). ATRA REW I RARs, 1M 9-cis-RA AMYAERS T RARs 1M HLAEH I
7% RXRs. RARs 45 & ML R W 2 70 1F (RA esponsive element, RARE) 7 2 RXRs )
i, —EERSORIE R G A REAE G ) RAREs b, R¥EEFSKHEFMIER . 18
TEARAEAETE LT, RAR/RXR Sl IR G 745G, IR R IR %
MEARTER I, RAR/RXR S5 3Rk L BHIE T H080S 4 Bh IR, WS
S PRI LA DR T B B e s 126290, RXR (TR DHA L g R LA HL A 4E
JEWifR R il 1L 5 5 RXR 15 PPAR JERCTIE — RASKR# i AR st st 5 4b,
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RXR H & i& o] LB i 5 0 B 4k i 42 80 5E D (1 B o Dol

\\ \\

All-trans-RA 0-cis-RA

&l 3. ATRA DA K 9-cis-RA )45 H)
Fig 3. The structure of ATRA and 9-cis-RA

RARE JEAAAE TR M 3 3l A % 7 41 i i) BUke & DNA T 51, A 1990
ERILBRARE 24 B 30 £F RARE #AHL. HARRET, KB MEREH M
RARE A5EA[R], eI 35 A7 A5 A B R ) e (0 P B OR 57 1) AGGTCA
BRI L TC P 41 (motif), Z%IETT /T FIE Rk 107 £ (half-site) BiA% Lo R 7 571
CRM, —AM58% RARE — A 4> CRM, B4~ CRM 1 IHIFE A7 [ A LAAS
Mo iSRRI, AFZSZER CRM 2 nf LAEBS 1. 24 3. 4 83 54
A, FR A <“1-to-5 RN BOL 4l 41, RXRs A LAZ5 & ARG A — M5 () RARE, RARs
AL ARG 1. 20 5 DL RARE. 24808 1 — 45042 U HF & ) RARE:
CRM [{HEHF5). CRM (5 7R CRM [ R BB RS o RN R K32 7806 = 2
LSRN, A AN TR TR0 3% . 1 RARs AT RXRs I8 56 TR 1 42 1o Bl o A4
BRI CRM, FRA DR2, 2 AHZEEGE, SRR, 1R n] DU RS [F] 1
PR AN [r A P AN [ 2 2 i 31

2.2.2 RAR RYIEEHE LB R B )

ZHTPAT LI 5 RN L AA TR3 A — PR (A FE D 410N T2 L
il FRATUESE, FERT AR5 MR, TR3 Aefd AN MU E RS B4 i, 52k
Rtk LAt TR E A Bel2 MEAEH], i 4 Bel2 5, i L BH3
X, fff Bel2 WHLIHT- R (2 T2 1210, RAR BRAERS 55 RXR JERGHIR 1A K
PR DIRESL, fll RV SCRRBIRIE T, RAR HEBSHRE AT — R4 &
N7, TR 2 B R AR AR i s b AT e AR 4 T L AR
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DRIy 2 g o R LT A i P235), RAR 76 RA HURIECR,  Refgid it — R4 Mg,
o ERK1/2, INK, PKC, P38, PI3K, ATAT 1 Z545E 06371, S ifi A M (45 5 Il %,
PRI E K LU T, 4140 Susana Masia 25 ABOIYSCEGESZ, RARo
BEMS 5 p8Sa R M E A, WURAE ATRA FEAEMISE T, SR AR FKt—
A, IXRIAR AR TR ST 20305 PI3SK/AKT {55l 4 Al ERK1/2 MAPK {55 il
W, &SR MM . BATESLE ORI, TR, RAR
KA RARYREW 5 p85 AHELAEH, JF HAE ATRA FRAEIIZAT T, IXFPAH
HAER P58, RARYAEWSAE ATRA TEAE 454 T X4 1 0% PIBK/AKT
B9, SEMmEeE NF-«B 5 5k, SEFHREDAFP) kik.

3. PBK/AKT 5 Si@&

1M LT -3 J40 (phosphatidylinositol 3 kinase, PI3K) &4 KX 148 K tfs
A I AR ) A R 2 Tl A M PR T O e R TR R IR 7Y
SRR PR DL A M ) 14 S5 R TS5 2 Fh D e, PIBK/AKT {5 'S5l Bk K25 EL, K
S35 BRI IR R AR 158, (EARVE R, NI I R A A A b
PI3K/AKT {55l % 1) 55 %« PIBK/AKT {5 53 B MR SL30S ,  5 BUM 8 40 i 1)
JC PRG0S0, H e bR A P r 3 A b, HI T B R AR T 4 ) 7
TEA BN 25075 2 7T 2 PRI IR LI T WO, i PTEN A% 2
PIWFST PI3K U171 LY294002 A4 52 75 %5 35 . PDK-1 I 1) 2 90 paf 22 R0 26K
Ei A Akt FEIFIWISLAR B B0 F R 1 ( mTOR )T VE B 58w 45 157-590,

3.1 PI3K/AKT B4 S

; PI3K & — 4 e O HE AL W IR ISR LIS 5420 o ity « PIBK (AL E S p110
I 5P p85 M. W FLANWI PIBK Sk L2 — AP, 17 PI3K J2&
p8So/BAY(TTI L) Al pl10o/Bly (ALY EE) ZH R YR 384K, p85S I Jk i
A7 SH3 45BN fe 5 SH3 S5l e G I R w 4R IX, H C 341 2 4> SH2
GERIER 1 N5 pl10 ZE X . 1M pl10 WIHT 6 NE5HEL: N i p85 45&id( H
pl10y ULZEHI) | Ras 455 8(RBD) « & SIMERIX (AT 5% SH3 I AR AE
YER). PI3K [A]J5 [X ( homology region , HG) « HR3 [X( C i fd S hsitE e
45 f 4K bZIP). HR2 X )¢ HR1 X (EAL SR, T8 PI3K A #l AT g2 8 2



RARY#E PI3K/AKT Hl NF-kB 15542 Hit 4% 7 A4 H)

(proteintyrosinekinase,PT K) V£ R IESZ AR NIIESZ AR B U Sre 558 HIE IO . 11
M PIBK B N i $ C sk HEyIE = S X . Ras £545 X, HR3 X, HR2
X\ HRI X, PX g5tk [z C2 gkl TR PI3K H 15 3L p150 Fl o ¥ 4k
(RIS plO0O 4 5 — ZR A4 [60-641,

AKT, &Pl 22 5%/ 95 2 TR B e . H2 PI3K/AKT 5518 % h 1 %0 &
VOB, AKT J& 400 9 55 )50 B2 11 v-AKT REM, BT v-AKT fg5 1R i
Wi, AR c-AKT 8 AKTIOSIFSE L], v-AKT Hl c-AKT Zifidh-—Fi b ik
FHE A FIE 0 C A Le I e, & WA B 1 B (protein
kinase B,PKB)1k RAC(Related to protein kinase A and C). H iR ILE/DIFE4 3 Ff
Akt FEMD: AKTI/ PKBa. AKT2/PKBf. AKT3/PKBy. AKT 73 TZJi 480
ANEIERFRILAL R, BFREIE AT Hp ] R X LA A 56 v 1) i = A
4y, AKT /PKB HIf#1LIX 5 PKA B 65%[HJE M, 5 PKC 15 75 %] 1 (6669,
AR, AKT 550 547 1 AR VR TR D L3R/ I3 R R AT I
AR A 1) ML /N — 11 4 . C S JE 420 (1) U5t 45 44 IX 338 ( pleckstrin homology, PH ),
AT AR TR (B)) AR AR U R AH ELAR L, Akt FR 530 A2 it /K
X, & E R . AKT If) PH DXAERE o B AR <7 i 2R WL mT R AT 22

.

B}

3.2 PI3K/AKT £ S EERHEIRE

PI3K/AKT i35 2 AEfE 4t , 2S5 MAK. . e imeE S
e 300 it < PI3K AI 4 G 8 F AR IBC S A40RT (B0 2 1 Pt 2l IR D Bl 52 A4 , L m] 8 Raas
BB . PI3K X TREK LA IR 10 3 A7 FR3E00 47 M 10 7 A il R AL 1) W g K
JULEE: LG 3 - WEERME AR IEIULEY (phosphatidylinositol 3-phosphate, PI-3P). 3,4 -
Tl 1 2% AR R JULISE ( phosphatidyli-nositol 3, 4-bisphosphate, PI-3, 4-P2). 3, 4, 5- = /g
1 N e LEE (phosphatidylinositol 3, 4, S-trisphosphate, PI-3, 4, 5-P3)[701

ZMAR P LGS PIBK/AKT {5 Sl A EH] CnlE 4), i, 4
9 i 52 B2 B AE KR 7 EGF RIBUS, 40 MO F s S R £ 11 g B A B LA I
P VAUt % 1P 1) 885 52 AR A0S » TG A4 EH p85 AT p110 MV A7 21 Ji ) PI3K. PI3K
¥ PI(4,5)P2 ¥4k % P1(3,4,5)P3, AKT # B2 4fhk I, @i H PH domain 5
PI(3,4,5)P3 1B, 1l Mt UL - R il ( PDK)1 . PDK2 RIS 5 583 92 W
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