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Role of RNA binding protein HuR in cancer
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[# ZE] RNAZEHEH( RNA-binding proteins, RBPs )R UT4F K & B EA L5 A W25 I 4 F 0%, i, HuR J& T ik
FREA S8 BTG RBPs, 23K8) 72 . W& HuR S 4 0-10AH ¢, il i 58 mRNA 3'UTR % ARE 45/ , 7 5R 57K
S RNA (RSB TR E AR . IR R, HuR 5408 5 R AE 56 B9 RE FLNLAS A2 iU DA G, 3R HuR WRES S T
JigeE 2 A R AN AL IR . B, DL HuR S S 40 R S R RE Aol B IR VR T R A

[ <8817 ] HuR; MR 5% mRNA BE M ARE
[ FESZES ] R730.2 [ SCHFREBRRD ] A

HuR J& TR i IR iR 3098 5 8 938 ( embryonic
lethal abnormal vision, ELAV )&% RNA 4545 HH
( RNA-binding proteins, RBPs ), £ #] T 1990 4E7E /N
200 it 98 B IV P ARG D B, 1996 4F e B A
Iyt Bt BRI i Ak b B
FAEM? . ELAV FEA 45 HuB \HuC \HuD , DA &
AU 254 N F-1( AU-binding factor-1, AUF-1 ) EBEER
5 1 36( tristetraprolin, TTP ) FIAS Y — 4% N A% 4 &5
( heterogeneous nuclear ribonucleoprotein, hnRNP VAR,
5 ELAV ZG A HABE F( 40 HuB/Hel-N1HuC Al
HuD )AN[A], HuR A R 75 #2820 2R AR B 4 B D
ik A R A W 2 Th . SEAR R B,
HuR SEE 2 B2 A TR AR 3 SR KT i
K40 i 5 PR e ik, M — n] LAKS 98 RNA B8 € 1R 1Y
ELAV ZJGEE N, AMUS 5 W) & T 55 1B A s
gy, WAEME KL R R R R AR . AR
SCHE HuR 225 6 R 5 53¢ i 8 45 B A Jie g vh A 1
FAE—2R73

1 HuR S 5MER A EMEK

HuR SR E LT YAk 19p13. 2, L AL 2 5 A
ZIFIRFEA T, R NAMIFSE & B, HuR 76 2 Fl A
b e 2 SUR A0 b ks, I FLARE B
A ED B RS R T e 4
LML Y HuR 9 2% 3K 5 s a0 8 T JS AH G . 28
UL T A T TP g BT A5 SRR HuR A
IR T b A 2, AR g 2 2 Pt A5 3R 3
AR , HuR 223k EAT )12 P 5 Il Jed 4 i A% it
JE I HuR #3539 82. 7% F145. 7% , ¥ B &
Tl B ASZH 4L, Blaxall 2 ° 2 ¥, HuR W25
TACA YR BRI S W % E . S scm's ik
ARG M, HuR 3 2% K55 20 s B AN RS HELRE 114
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ARKETFAL, HuR B siRNA AN AT T c-fos . c-
myc F1 COX-2 mRNA YR , il H Al FEAI% 1T 40 i &
WEA cyclin A (cyclin Bl g1 cyclin D1 M 22 157K S,
o A ) 40 i A 386 B R bR A A KL R,
Young %" ) FH 45 fi 98 158 K PR, 76% B4 IR IR AN
94 % 1) A8 = 235 HuR , 1 TTP WIFERE T 75% A R
RN R vy G KO s e VAN o 1 otk Y
HAHAA AR T IEH 44U HuR 1 TTP Rk i,
HuR ZIk 8 A TTP Rk sk 25 1 M & A= .
HI TR A e TIREA B IR 5 COX-2 . VEGF-
A FFEHR RIS FIRA G MR WL HuR M
MmO s R FE . e, R AR KA SR T
AMLAE PR AUrp 3k 1A, 1 B A 78 5% 5% 5 7K
Bl HuR P84, X5 HuR AT 8 2 D 0 B s b

2 HuR 5phyEH#®%
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e g, AL COX2 FikBIEM G, mMHE S
WA RNk L2 e RS UG . AR RS i3]
BFE S & B, HuR 5 5 2308 5 R /0N 40 i i 9 1
PRATHA Mk CL 55567 K VEGEF-C &3k B3 i T
VEGF-C 1Y 3"UTR & A 21~ & 2 M NG04 i R s I 11
JFH( AU-rich elements, ARE ), ] ¥ i fiti 9 M2 5 =5
3500 HuR 25 T VEGF-C 3Lk ma v,
R, HuR 2 5 i i 7% 52 s bl e 3d i 72 7 ¢ e
I LRV 2 5 R AH ST IR B R T S 21

3 HuR 5phEmz

FAEAFSE 8 & B, HuR 5 iR 1k rr 254
AT I T 254 B 56 R . Yague %5 I LEE
T HIME K562 4 85 T 2R ST 259 )5 , MDR1
mRNA PRI 3 ~ 8 15, B mRNA KP4 5.
I IS 2R AR T 4 S S 98 40 7 £ i 24 R MDR1
Rtk RS R , MDR1 JE 8 7= 4 1
FOEMETTRES S T MR 2. BRI MDR1 mRNA K
3'UTR #5421~ ARE, {HJ2 7% HuR /ZJH4% MDRI
FORM BT, AR R B . Hostetter 25174
AFLIR AL MCF-7 2288 T 525, & M o
HuR kW] 5 5 B BT &5 HuR 3RGA B2 30T M
PR SR mRNA FasE P3G & AV K P A, g6
7oA DO (R A= A 11 R /N R €Y 7Y S L
Costantino 25 S K& B, il 5 55 7235 HuR M9 B 4%
HuR R34 105 A 5 1 L 40 i 2 58 3 D i I
P47 LB HuR 7K, 48 038 3k A 53¢ i AL 48 it 4
PR 14 2 35 5 31X @ AR5 LA AT M HuR
RIRPRAUGA RS R KMEE ., B2, i T4
XTAHE mRNA NJA], HuR 7898 5 i 83 4t Mo s b7 24
Wy B A 25 4 iUy T B 24 L 8% HuR fE
NEFRICY) , BCE AR R REAT 25 AR C W)
7 B AE Z R AT 2 BIRESE

4 HuR 7342 mRNA F2EMRS FHLE

4.1 HuR &5 # F g R4zeh 51 Lk

B S JR 7K IR R 2 AR AR W R R Bk R )
FEHLH] , SR BIPERCR A mRNA Fa g P 2 S PixX —
VPSR R @A WH, mRNA 1) R AR 2 1] 1)
SEAEHLET Y K mRNA - 590 AR o4 1 22 Fh s
KAEHE R EAER- . B, HuR & A& %
ZERE a5 X B AT mRNA [ 25 4 014 2 7 A
S5 VAR W 25 SR

X TR, ZF oo T mRNA Y
FEfREEZE B 5E, mRNA 5" i B R4k 12 1204 A i 1

SER T AR TR 52 3% 573" AU A% IR T R e o TE
Pk o AR AR 2 B, 5 IRt 2 5 T it
FE T, HWK, poly( A)B 5¥#$ T mRNA HRENE:,
H Al O A AERE R Y E T 24 poly( A)RE G
AL poly (A )—binding protein, PABP 140 3'-5" A0 %%
R N, PABP & LA vk B h 7 B AR )
Y, 5 poly( AR Ngs &, REA T ZEH
) RBPs. 2% B B 45 14 55 45 4 poly( A ) 2 I 4%
mRNA o P f9 R 0103 72, 24 PABP JBiE 2 poly( A )
J& ,mRNA 57 B8 M 5t v & 20 37-5" A U0 % I T
HIIMA( exosome i FRI: AR 2

BRUE T 45 ¥4 F1 poly( A ) #, fe 8 22 A iF & 37
UTR % mRNA & M 45, M T 3 UTR, 5’
UTR {03853 mRNA FoE A 4575 H L o 1.2
mRNA Fl c-Jun 3. ARE J& H A % B e 3% i AT
i) I IR T, K2 5% ~ 8% My Nk
F& A ARE, AL PR ARE J& AUUUA F1
AUUUUA J¥51), c-fos ot KM & A 3" UTR ARE
i) mRNA, 245 £ c-fos mRNA [ 3’ UTR B, c-fos
mRNA FIEE 5 & i, S84k, Jast
WS B, 3 UTR 1 51 bp JF9E CHEME
HHT, #34E 3" UTR ARE B4 ALA AU & &, M5
ARE 23 =2&. T &Y ARE, Il c-fos, A 1 ~3 4~41
HU7E 3'UTR X3k ARE FIABIT & & U BIB3E; 1T
A ARE, 41 GM-CSF, HA7 A F M1 UUAUUUA( U/
A U/A)FH I E & U L ; A ARE S/ FRE
PEM) AUUUA 59 AUEA F 51 U

FSCHL mRNA B E P45, HuR A 5
mRNA S [0 7T 4 A0 X 1 ) e ik e 4548 . HuR 7%
A 3 4~ RNA Ll 5 J¥ ( RNA recognition motifs,
RRMs ), H:Fp i~ RRMs 5 HuR 454 ARE A%, 5
—/~ RRM # & HuR 5 poly( A)B&EE .
4.2 HuR 5 hnRNP #9548 Z4E A

WF5E ¥ % A B RBPs 47 HuR. AUF1. TTP A
hnRNP, HuR FI hnRNP & #§~ & 1 7] 34 il mRNA
FasEMERY 1, T H T RBPs WK T mRNA 1952
EMESAESE mRNA (REf#. & A ARE % mRNA (1)
e PEBE T HuR SEFPELE A mRNA BIRE ST, X Bk
5 HuR 454 mRNA (BB 147 ¢, L 525 RBPs 119
AN B G, TEARSRFERIEAE T, HuR 2R
IKFEARMEAZ , hnRNP W8 ot FA% rh 33547 K. #E
ZFPHNFAAE AR AE AT 2 TR RSN R
AR FH3# T , HuR 71454 3'UTR ARE, 4k
AR R AZ e 35 S 240 6, LA 3l A S e 100 A% TR it o
f e RNA 2, — ok U, i 3/ FH 3% A S fig il
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A% HuR B K, bl B e 2 e EA NS
5. HuR 5 hnRNP AL, MFRAZ B RS i 5% iz 5 5
A7 T4 A RRM %5 =/~ RRM Z [A] Y F 51 A %,
BIEFRN HuR % R R 45 ¥ 38( HuR nuclear shutt-
ling domain, HNS ), JGFH 8 M9, 44K, HuR thr] 5
HAh RBPs A EAEH, IR ST mRNA A AR 3%
4.3 HuR #9333 AL

A 5 HuR 4% Z M 2 ML A TE 2.
T4 A S R A B L B A O SR B R 1k
B EIR AL SV, PR A0 SR 3 HuR %4328 5 RBPs
B 5 , A5 B B A0 16 AP S B i 4. 2 b
DA S VBT 3 ) B R R ) R S R R R AL
FIFE 5 A9 HuR MA%-Mufi iz, 200 3 M558
%P6 K HuR M 5 5% 32 B . 38 — A~ 38 i 2 p38
MAPK i [, HuR /- 15 245 7 mRNA RE S
IE AT G, ZETUMRIFE R COX-2 FRIRFA
WA p38 MAPK 114l 57 SB20358 &K T VUMK
S COX-2 mRNA Fa e M, B J5 & LB o p38
MAPK 15 5 38 % T i ) MK2( MAPK-activated pro-
tein kinase 2 ) \MK3 FULJEY HSP27 LA 2 51 45
BT R HAT IR W p38 MAPK 15 5 7] LA#ER
1k HuR BY4RE , B4 38 * IA A, p38-MAPK/MK2
T S52 F1 S178 1 ;SR fL TTP, 2 mRNA PR %
fift . S5 AN %R PKC 3@ 4. Doller 2512 RN 7E
RSN & B PKCo T 8% 2 1k 75 2H 19 HuR, 11 H 3E 52
ATP #H#6i1%) HuR B 5% 32 FBEJ5 1Y COX-2 mRNA
Fik 7 5 PKCo 7E4F 158 318 1 221 S MR (7 45,
Wik HuR A 3¢, B4 221 F1318 Z LM 4 5 &
SYER. S = ANER R AMP 30 O 1S B
A AEZ WA S /N 3 K 40 M pS3 mRINA Fve t:
R R I, B IE B ol BB FIEER L S
HuR 55124 56, BT & B A TE 122 (i, Ja & kA TE
S105 o7 /5200 . P53 & L, 20 004 ) i
fif} Chk2 ] #;#R1k HuR f¥) S88 .S100 A1 T118 i 1.,
HZEWF 5 2B S100 7 pi e FZ FE . Heoh, Li
ST, S B IS AL T4 ARG R P R RS Il T A
A217 {7 25 AL HuR, BUA7 55 IE 4740 F HuR #5128
J¥51 HNS ZH s HuR F 3840t 5350 LPS 39 in T F kg
A0l TNF-o. mRNA {58 E M. Pryzbylkowski 452
KFL,DNA H AL 254 AZA 7T 34 Jin 2L iR g 40 i
HuR Jfi %412 F1 ER mRNA F4 72V, #2718 HuR 3
b5 LA - R e B ML A 6. B2, RBPs 5 37
UTR 255350 mRNA Foe M fe e i R 2%, LR
HLHAT AR EL TG 2 AT LIRS A LU LA 3R
(1 )HuR o HAth RBPs ik & A28 1L, 5wl 0 iR

b 3 Ak 55 O SO B2 0, e o B b HuR 4§
RBPs MJfi#%f%iz £ fit. (2 )RBPs 5 ARE 454,
mRNA J2 T2 B fiff 40 J2 31 A B T2 mRNA [
fif i) RBPs B {2 mRNA £22E 19 RBPs AR & &, 1
AREHOR T EAT5 RNA 54 517 Insk TTP Al
AUF1 S5RIA1G 8, mRNA DU s (86 fige 5 (H 4 2R HuR
YERE & 325, mRNA Fog M . (3 )88 2% poly
(AR, — HAL# mRNA P& A9 115 mRNA
ARE %54 ,mRNA V& A= i & 15 R I ; poly( A )
JFE B R A AR 9 9 1 7 2, A mRNA
A% T Tl A i T, B S A B R 2 B i, (4)
35 IR AN WE i mRNA, 2485 T poly( A)JE
EL, &4 ARE A9 mRNA iR g sk h Z 5 375" 8%
RSNV T 1k mRNA 5 A1 A 18] (4 A 5 7R
PABP 4%, K100, H AT ATE 2 HuR B0& AUF1 4%
RESNEGGRE S ARE 254,825 5 mRNA
ARG A HIMELS G . 52 mRNA B )G
HuR #F PR A 55 2 M0 2 L AR, i 5
fh A mRNA FES# Y9 RBPs , W ] BE Bl 2 1 A [
SR, FRATT AT R B RR AL AL an T 2 HuR %
AR TEARFSE T, il B R AR i R
PE? BT, Hasegawa 2620 % B, Jif9ga 40 i v £ HuR
i is i R 5 E W AR A —FF , AN UUE CRMI
ZARMIS SRR, A R AL H 2 5

5 # &

ZE L RTIR , HuR 3 6 22 F 3 PR 3 S) I 1 45
57T W EE REMERE  JE— D HA%OE
FHEY RBP, T LAFUIL, HuR 7T GE M i vy r 4t mr
() S0, RTVE R B e 1 ¥E 4 7. (B H AT A Y
BT AR HuR BIRAE T MIREE G 437 MG
B FHLE ANl ? HuR A5 09 5% 5% J5 I HLE S5
HEHLHIEER? HuR H S22 HuR
T 92 4 R I 200 b Y A 2 4R A R A 2
S FA AR R, i RNA AT LU Y HuR
A A0 M, B 7R — e SR Js R 43 AT LA
¥ 55— Fh i Sk I A oy T R Gk, itk — 2B 0F 5T
HuR A ZIREFFRE T 510

(£ % Wk ]

[1] MaWwJ, Cheng S, Campbell C, et al. Cloning and characteriza-
tion of HuR, a ubiquitously expressed ELAV-like protein [ J ]. ]
Biol Chem, 1996, 271( 14 ): 8144-8151.

[2] Campos AR, Grossman D, White K. Mutant alleles at the locus
ELAV in drosophila melanogaster lead to nervous system defects:

A developmental-genetic analysis [ J ]. ] Neurogenet, 1985, 2



+ 100 -

rp [ R A AT 27,2011 422 H,18(1)

(3):197-218.

[3] Heinonen M, Bono P, Narko K, et al. Cytoplasmic HuR expres-
sion is a prognostic factor in invasive ductal breast carcinomal J ].
Cancer Res, 2005, 65(6): 2157-2161.

[4] Denkert C, Weichert W, Pest S, et al. Overexpression of the em-
bryonic-lethal abnormal vision-like protein HuR in ovarian carcino-
ma is a prognostic factor and is associated with increased cyclooxy-
genase 2 expression [ J]. Cancer Res, 2004, 64(1): 189-195.

[5] Denkert C, Koch I, von Keyserlingk N, et al. Expression of the
ELAV-like protein HuR in human colon cancer: Association with
tumor stage and cyclooxygenase2 [ J ]. Mod Pathol, 2006, 19
(9): 1261-1269.

[6] MrenaJ, Wiksten JP, Thiel A, et al. Cyclooxygenase-2 is an in-
dependent prognostic factor in gastric cancer and its expression is
regulated by the messenger RNA stability factor HuR [ J ]. Clin
Cancer Res, 2005, 11(20 ): 7362-7368.

[7] Niesporek S, Kristiansen G, Thoma A, et al. Expression of the
ELAV-like protein HuR in human prostate carcinoma is an indica-
tor of disease relapse and linked to COX-2 expression [T) Int]
Oncol, 2008, 32(2): 341-347.

[8] WangJ, Zhao W, Guo Y, et al. The expression of RNA-binding
protein HuR in non-small cell lung cancer correlates with vascular
endothelial growth factor-C expression and lymph node metastasis
[ J]. Oncology, 2009, 76( 6 ): 420-429.

[9] Blaxall BC, Dwyer-Nield LD, Bauer AK, et al. Differential ex-
pression and localization of the mRNA binding proteins, AU-rich
element mRNA binding protein ( AUFI ) and Hu antigen R
( HuR ), in neoplastic lung tissue [ J . Mol Carcinog, 2000, 28
(2): 76-83.

[10] Kakuguchi W, Kitamura T, Kuroshima T, et al. HuR knockdown
changes the oncogenic potential of oral cancer cells [ J ]. Mol
Cancer Res, 2010, 8(4 ): 520-528.

[ 11 ] Young LE, Sanduja S, Bemis-Standoli K, et al. The mRNA bind-
ing proteins HuR and tristetraprolin regulate cyclooxygenase 2 ex-
pression during colon carcinogenesis [ J . Gastroenterology, 2009,
136(5): 1669-1679.

[ 12 ] Heinonen M, Fagerholm R, Aaltonen K, et al. Prognostic role of
HuR in hereditary breast cancer [ J]. Clin Cancer Res, 2007, 13
(23): 6959-6963.

[ 13 ] Lim SJ, Lee SH, Joo SH, et al. Cytoplasmic expression of HuR is
related to cyclooxygenase-2 expression in colon cancer [ J ]. Cancer
Res Treat, 2009, 41(2): 87-92.

[14 ] TR, M, B, %, VEGF-C M 3" i A& B X X 26
REFGERSE0 [ )] MRk, 2007, 32(9): 915-
918.

[15] Yague E, Armesilla AL, Harrison G, et al. P-glycoprotein
( MDRI1 ) expression in leukemic cells is regulated at two distinct
steps, mRNA stabilization and translational initiation [ J ]. J Biol
Chem, 2003, 278( 12 ): 10344-10352.

[ 16 ] Lee W, Choi HI, Kim MJ, et al. Depletion of mitochondrial DNA
up-regulates the expression of MDRI gene via an increase in mRNA
stability [ J ]. Exp Mol Med, 2008, 40( 1 ): 109-117.

[ 17 ] Hostetter C, Licata LA, Witkiewicz A, et al. Cytoplasmic accumu-
lation of the RNA binding protein HuR is central to tamoxifen re-

sistance in estrogen receptor positive breast cancer cells [ ] ].

Cancer Biol Ther, 2008, 7( 9 ): 1496-1506.

[ 18 ] Costantino CL, Witkiewicz AK, Kuwano Y, et al. The role of HuR
in gemcitabine efficacy in pancreatic cancer: HuR up-regulates the
expression of the gemcitabine metabolizing enzyme deoxycytidine
kinase [ J ]. Cancer Res, 2009, 69( 11 ): 4567-4572.

[19] Wang Z, Kiledjian M. Functional link between the mammalian ex-
osome and mRNA decapping [ J ]. Cell, 2001, 107( 6 ): 751-
762.

[ 20 ] Derry MC, Yanagiya A, Martineau Y, et al. Regulation of poly
( A )-binding protein through PABP-interacting proteins [ J ]. Cold
Spring Harb Symp Quant Biol, 2006, 71: 537-543.

[ 21 ] Chen CY, Chen TM, Shyu AB. Interplay of two functionally and
structurally distinct domains of the c-fos AU-rich element specifies
its mRNA-destabilizing function [ J]. Mol Cell Biol, 1994, 14
(1):416-426.

[ 22 ] Chen CY, Gherzi R, Ong SE, et al. AU binding proteins recruit
the exosome to degrade ARE-containing mRNAs [ J ]. Cell, 2001,
107( 4 ): 451464.

[ 23 ] Quann EJ, Khwaja F, Djakiew D. The p38 MAPK pathway medi-
ates arylpropionic acid induced messenger RNA stability of p75
NTR in prostate cancer cells [ J ]. Cancer Res, 2007, 67( 23 ):
11402-11410.

[ 24 ] Chrestensen CA, Schroeder MJ, Shabanowitz J, et al. MAPKAP
kinase 2 phosphorylates tristetraprolin on in wvivo sites including
Serl78, a site required for 14-3-3 binding [ J J. J Biol Chem,
2004, 279( 11 ): 10176-10184.

[ 25 ] Doller A, Huwiler A, Miiller R, et al. Protein kinase C alpha-de-
pendent phosphorylation of the mRNA-stabilizing factor HuR : Im-
plications for posttranscriptional regulation of cyclooxygenase-2
[ J]. Mol Biol Cell, 2007, 18( 6 ): 2137-2148.

[26 ] Wang W, Yang X, Kawai T, et al. AMP-activated protein kinase-
regulated phosphorylation and acetylation of importin alphal : In-
volvement in the nuclear import of RNA-binding protein HuR [ J ].
J Biol Chem, 2004, 279( 46 ): 48376-48388.

[ 27 ] Johann AM, Weigert A, Eberhardt W, et al. Apoptotic cell-de-
rived sphingosine-1-phosphate promotes HuR-dependent cyclooxy-
genase-2 mRNA stabilization and protein expression [ J ]. J Immu-
nol, 2008, 180( 2 ): 1239-1248.

[ 28 ] Li H, Park S, Kilburn B, et al. Lipopolysaccharide-induced meth-
ylation of HuR, an mRNA-stabilizing protein, by CARM1 [J1.J
Biol Chem, 2002, 277( 47 ): 44623-44630.

[ 29 ] Pryzbylkowski P, Obajimi O, Keen JC. Trichostatin A and 5 Aza-
2" deoxycytidine decrease estrogen receptor mRNA stability in ER
positive MCF7 cells through modulation of HuR [ J ]. Breast Canc-
er Res Treat, 2008, 111( 1 ): 15-25.

[ 30 ] Hasegawa H, Kakuguchi W, Kuroshima T, et al. HuR is exported
to the cytoplasm in oral cancer cells in a different manner from that
of normal cells [ J ]. Br J Cancer, 2009, 100( 12 ): 1943-1948.

[ 31 ] Abdelmohsen K, Srikantan S, Kuwano Y, et al. miR-519 reduces
cell proliferation by lowering RNA-binding protein HuR levels
[ J]. Proc Natl Acad Sci U S A, 2008, 105( 51 ): 20297-20302.

[WFEH] 2010 -09 -12 [&EIB#] 2010-12-05

[AXHmE] £ %



