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faEAEE NOR1 1% 5-8F 20 B0 B 1K
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@ /}i 1, 2 F T 1 ?X‘ﬁ% 1 }% iﬂ- 1) %@ﬁﬂm 1) ?,J\jé’\l) ?7&/@ 1) %%
O WP RREE IR, KD 4100085 2 RT3 4 0E S5 MR M A T SSEIR A, K 410013)

WE  AE AL EAZ AN T R R AT Y L A5, AU IR FRANUB A SR o0, iy HLSE w41 0 35 FE A 4E fili2 3. NORI
S M A T e B A5 3 BT RE R, AR SR A UM A L R PRI R ARBIFFUEE L T NORI A& e 54 (0 S A 5-8F 41 i
F. 1LERIE NORI 51 m R ML S 5-8F AN AR AL, AW A ROV ST A B« 20 B SR AR PR 588 14
BRI B, NORI 41 T 5-8F 40 MU B ok B B0, 5 40 M B e e, 4 28 g (B, NORI i Kk T 5
5-8F ZI Ml actin A ELSMEBIR, N EF4ERIIN. Realtime RT-PCR #31& B, NORI 5[#2 5-8F 41 i Wnt/B-catenin {5 51 1%
43T Wnt5SA 524K FZD5. FZD7 ik T, T B-catenin & A%, 275 NORI i Wnt/B-catenin {5 5 38 B 0SB

AL AOE L, IR AR S T A T

X#EW NORI, &M, ROROVZE, Wat {55
ZRSHES  Q24, R730

NORI /2 M S MR o o B A5 380 R T S IR, /T 4
MR 9 P 23 R0, NORT J5 PRI 2 el X A K )
G i X PR A% AT R 22 A PE A7 5 (coding region single
nucleotide polymorphism, cSNPs)-5 & W i & 9 41
JGW. AE SR HNEL 40 b Pk &2 NOR1 ik, ]
DL e 4 B 1 26 K 5 B R 09, AR ST A
VLT R E RIS NORI I SR e = 5 7% 1k 5-8F 41 Jifd
A, WMER L NORI 51 5-8F 41 /L &z,
R AR A T . 10 Fi e R IR i % 4 NOR1
gl 5-8F 4 MU B 4% Bk />, NORI #ii T 5-8F
4 i Wt {5 530 B 52 K 4> - FZDs (1) 3K 1k Al
B-catenin A#%. AWIFHE R, NORI A feid il 40
SRR A Wt {5508 B 3G 1E, 52 ma g i B 4,
OV A8 40 PR AR PR T R
1 #RFA*E
1.1 ##y

KIGFE(E. coli) IM109 A S AR AR Fh;, B

W 5-8F 4I M 2 eh op il K 2% s i o pr stk s H
r10% 16 4 M3 ) RPMI-1640 % 72 3L, 5% CO,,
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37°C K55 NJAG cDNA CJ%. pIRES. neo3 Jitki
4 H Clontech /A #]; Pyrobest DNA 2 4. dNTP.
SYBR Premix DimerEraser. RNA free DNase [ . R
HIEN VIEE EcoRV ~ BamH 1 550 A KIEF LD
H] (TaKaRa); T4 DNA % #: g . 100 %% 5% 5 &
(reverse transcription system)) [ Promega A #]; g
JR A Lipofectamin2000. TRIzol I [ Invitrogen /A
H]; Anti-B-catenin % b [E Hi 1A H Cell Signaling
Aw]s A% - M A R & (nuclear-cytosol
extraction Kit)J#J [ Pierce A #; Anti-NOR1 2 bi %
PUfk. FITC Fric (1) % LL 3 Ik (phaloidin-FITC). Cy3
FRACIIEH R 1gGy 4, 6- - JREE -2- LN W (4,

* [H 5% [ R R JE 4 (81000883, 81272254, 81102065, 30971147,
81171930, 30871282), = 55 2 A “FRLEH 5 144 v RI(111-2-12), WiF 24
B 1 %I (2011FI3111, 10J17003), W # K % B i 3% % it ¥
(201012200017, 201 1IQNZT138) Al g K22 WF 55 4 0 H 608 T2
(2010ssxt048, CX2011B051) % B 15 H .
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6-diamidino-2-phenylindole, DAPI) JiJ H Sigma-
Aldrich 23 w] s 06 R £R 12 B LSMS PASCAL
(Carl Zeiss 24 #); SE B %¢ )6 % & PCR X iQ5
real-time PCR detection systems (Bio-Rad 23 7] ); ]
BB B IX51(Olympus A #]); L7414 BB
S4800 (Hitachi /A w]).

1.2 7%

121 RS ROEHE . LA cDNA 3
JE TR A AR, PCR 974 A\ NORT 2 P 42 (K IF TR
5 {32 £ (open reading frame, ORF). L3514 5 %
5" atcgatatcatggcatcaatgcagaagcetgatctcagaggaggacctga-
tgteggtgeggacgeta 3', #5il EcoR VEgYIf i, Horp
NRILHEI A c-mye BRI IDEA. RS )75
43 5' acaggatccctataactcatccatcatgge 3, #5417 BamH 1
Wi U1 A7 . PCR =¥l V) 5 1% $ pIRES.neo3 #
PR, HEA KL EcoRV Al BamH 1 BEY), FHAE
B 22 0 7 U ) NORI JE PR IE i 4 N, dw 44 A
pIRES-NOR1. pIRES.neo3 Al pIRES-NOR1 Jii fi %
H] Lipofactamin 2000 %% 4% 5-8F 4i i , 200 mg/L

G418 ik 2 J&, i G418 Btk o ik 5 IR &
bR ORISR, TR SRS

122 dUBASWEE. FAEE DB st e Rk
NORI (] 5-8F 4 il Jo 5 2 AR 40 B, FEARR AL
P RO SR TR A B EAS.

1.2.3 st BN HAE K Cl/5-8F F
NOR1/5-8F 4 fifd, 0.01 mol/L PBS ¥t 5 min, F 4
i o L D) E, 0.25% Triton X-100 A i,
10% 1E 5 = 1037 = I HER e R 45547 25, B-catenin
HUAAI & 17, 0.01 mol/L PBS 7wk 4 %, 47X 10 min,
Cy3 prid I EPi % IgG W & 1 h, 0.01 mol/L PBS
PHYE 4 %, FFYR 10 min, DAPI 444% 10 min, 06
LI AL WA B WL 55T A

1.24 Realtime RT-PCR. HUWEE K Ctrl/5-8F
I NOR1/5-8F 4iffl, KH TRIzol hifE5 RNA. H]
RNA free DNase [ 37°C #1b &k RNA, KWy / 1
R, ARSI RNA B 2 g 365kl % ¢cDNA.
K S 5 B PCR XY 3% 0 #r . FH T realtime
RT-PCR #4519 75 WL 1.

Table 1 Primers used for realtime RT-PCR in this study

Gene Forward (5'—3") Reverse (5'—3") Size/bp t/C
NORI1 tcaagggattcatccgagac ctggccaagaaattcagetc 508 60
GAPDH aacggatttggtcgtattgg ttgattttggagggatctcg 233 55~60
FZD5 agctaaaatggccagageaa aattccccctgggaactatg 173 60
FZD7 getgctttgttggaaagagg geagtacgggaggaaaaaca 174 55~60

1.2.5 1% - f2 R 153 25 % Western blotting.  HUb)
B4 KK Ctrl/5-8F A1 NOR1/5-8F 41 ffa, F 4 Jitu &1
THAHE] R, 0.01 mol/L PBS ¥t 5 min, 4°C 800 g
B0 10 min, 7 B3, SRAZ - 2R 8 il 4R )
S A AR A oy A i, RARERAES KA
UL, Mo EEEmREEaSREEA
BCA VAT E . 43 20 pg MAZEE . 50 pg
3% 55 11547 SDS-PAGE. K H B-catenin $T {445
M B-catenin 7EMIHK 5 Mut% ML,

1.2.6  FNTFEMEE L. AN H LUIE 2% e hp T
TR AL BRI 56 3 F, BEIR I A Al 7 i
O 553 v, PBS VR UE G R 4% 2 58 H R[] e
30 min, PBS ¥5¥E 3 ¥k, BEX 5 min. FIH 0.25%
Triton X-100 B4 J# 2 min, PBS ¥t 3 W, HX
5min, 10%IE% 1035 3 71 30 min, FITC Frid 1)
U8 IR S i 8 e (4 30 min, PBS VL 3 X,

R S min,  FIFH 9 A I 5% 40 i il 22 T A8 F
EEGE

1.2.7 #1485 (scanning electron microscopy) W
2, BN K I Ctrl/5-8F T NOR1/5-8F 41 fi,
FH0.25% Rt 7 4. 20 1 i 4 5 40 i &, 4°C 800 ¢
250 10 min, 3 b3, JUEEET 0.01 mol/L PBS.
BEUE 2 A RS0, AT R 2.5% % — 1 51U
SAAHOBUEE 2 h, BEEE H 2% SR g 1, 2
R, BFR 15 h. o Ve BREEWRE K, T4
JE I T AT BT R A

2 & R

2.1 NORI 2 E¥# 5-8F LM R AIE L

PCR ¥ 14 \ NOR1 £ [ 4K ORF, it 4f i
EcoR V Hl BamH 1 BEVIAL 5. 4lifk PCR ;=4 125
H#4& pIRES.neo3 & EcoR V ! BamH 1 BV, M
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miK, Z: IREEEE NORL #1%] 5-8F 408 F K8 B FZAF0 Wt 15 S8 %

*889-

DI laifie, eSS AR AT IR IM109,  Filide 5
P2 EcoRV Fl BamH 1 V) %552 . MHLEIEED)
BHPE 58 B 260, 3k#3 NOR1 ORF 1E#fiffi A 3£
IREAR. FEY 5-8F 4L, 200 mg/L G418 Jiiik 2 J
Ja RIS e, B PP SR (> 10 M)A
WA TR, §RK R, i 5 RNA, DNase
M LR B gDNA, i % 5% il % cDNA, realtime
RT-PCR F Ml & W, &5 % % NOR1 JE A 1) 41 fig
NORI mRNA ik B IN(Kl 1a). it S E A,
Western blotting £l /< L, NORI1 %% 4[] 5-8F 4
Mok NOR1 £5 1, 7% 2k pIRES.neo3 %
#e41C NOR1 1 HKIA(& 1b), 45 K] NORI
R 4t i A9 g s D) (K 10).
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Fig. 1 Overexpression of NOR1 in 5-8F
stablely transfected cells
(a) The expression of NOR1 mRNA was analyzed by realtime RT-PCR
in NORI stable transfected and control cell lines. GAPDH was used as
internal control. (b) The exogenous expression of NOR1 protein was
analyzed by Western blot analysis. B-Actin was used as a loading

control.

2.2 TREFE NORI 51 5-8F MRS

A ZE BB M S K I, 1 KI5 NORI1 5] &
5-8F MBS . B H AR L (1) 5-8F 4i i i -7
k. (cell flattening), 4L IRIFAEN, B AL 2 Btk
P4 /& (lamellipodia), R DA & 11 2% A7 48 2 1) 40 48
(membrane ruffles), AR 01 Aee e G
NORI [¥] 5-8F 4 ffu T A BH 2 sk /1N, 1R Bl A2 5

ARG, I AR R R, B
(K 2).
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NORI1/5-8F

FEN

Fig.2 The morphological changes of 5-8F
cells expressing NOR1
Ctrl/5-8F: 5-8F cells stably tansfected with pIRES.neo3 vector; NORI,
5-8F cells stably tansfected with NORI gene( black arrows points to the
lamellipodia in Ctrl/5-8F cells, white arrows points to intact cell-cell
adhesion in NOR1/5-8F cells).

2.3 FAEH L NORI 51#2 5-8F HRERMAER D
KA BB H R E— 2P WET NOR1 X} 5-8F
AN LE R . A BRI, AR
YLy 5-8F 4 M i HAT =F & MR B (microvillus),
HAS BRI, sk B & um K, B sl
53] JE %2 J#% (blunt rounded contours) (P 3). e #5 4t
NORI ] 5-8F 41 Jf i 3% 1t ok 9% & 25 i Wl 35 0 D
HMRERSMEL. J3kE 3).

Ctrl/5-8F

Fig. 3 The microvillus of 5-8F cells expressing
NOR1 visualized by scan electron microscope
Ctrl/5-8F: 5-8F cells stably tansfected with pIRES.neo3 vector; NOR1,

5-8F cells stably tansfected with NOR1 gene.

2.4 TREFENORI SIHE 5-8F MBREH N

FeE % %« NOR1 JEPN 5 5-8F 4H i 7 25 1 e
AR AT FATTHE — 2D WL 5% NOR1 % 40 i B 48 11 5%
Wi, SLEEFAJIK (phaloidin) AT AR 5 7 45 & 41 Ji 1 48
[ 3= £ 40 53 WLE) & 11 22 (actin filament). #)
H FITC ##12(#) phaloidin J A 40 B 48, 286 214
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BEMLEE RN, A AR YL 1Y) 5-8F 41 M fk 22 1) 41
JATLZEAR, TE R SRR, FEDh LS BAT
A K8 25 R (] 4). XTI MuAH L, %% 4% NORI
FEDA 1) 5-8F A Mo 1 22 Je A= 7 S o A, N ) 4T
Yk (stress fiber)3 i, 22 oIk M4 Mo 1 qif, R
AR R BEASAETE (1 4).

Ctrl/5-8F NORI1/5-8F

200 pm

200 pm

Fig. 4 The actin filament of 5-8F cells expressing
NOR1 visualized by phaloidin-FITC
Ctrl/5-8F: 5-8F cells stably tansfected with pIRES.neo3 vector; NOR1,
5-8F cells stably tansfected with NOR1 gene( white arrows points to the
membrane ruffles at the edge of lamellipodia in Ctrl/5-8F cells).
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2.5 FREFZE NORI #1H T 5-8F ZHA Wnt 55
i

Wt 55 18 B2 T 1 40 i RN O A2 T ) =
FRAE, T R NORI %0 40 5 2280 Fioik Oy
JETE BT BEIR 4 AL, FATTRE J5 AL T NORI
X 5-8F 4i i Wnt 15 5 i& 42 ¥ 5 Wi . Realtime
RT-PCR Rl &3, A& %% NOR1 ;|2 Wnt i #%
ARG T FZDS. FZD7 ik F (K 5a). Wil 5
Mo3k / Mz 4 7 B 1, Western blotting 6l & IR,
FeE KI5 NORI1 ¥ 5-8F 4l fii% 5 11 B-catenin &
KB KK Sb). M0 R e e R
T8 R B, R L 1Y 5-8F il i
B-catenin [F] I /> M E M K 5 M 4%, Mok F 11
B-catenin G 5RE R m (] Sc). R4 NOR1 1
5-8F 4l g B-catenin ) i A7 B2 A2 W i i AR
FEEA T, A E AT (B Se). E4s
BRI FRIE NORL A5 T Wat 155 (1935 1k

Cyto Nucleus
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Fig. 5 Overexpression of NOR1 suppresses Wnt/[3-catenin signal activation in 5-8F cells
(a) The expression of FZD7, FZD5 mRNAwas analyzed by realtime RT-PCR in stable NOR1 and control cell lines. GAPDH was used as internal

control. [1: Ctrl; I NORI. (b) The expression of 3-catenin protein in cytoplasm and nucleus was analyzed by Western blot analysis. 3-Actin was used

as a loading control. (c) The subcellular distribution of B-catenin protein visalized by immunofluoresence. Ctrl: 5-8F cells stably tansfected with pIRES.

neo3 vector; NORI, 5-8F cells stably tansfected with NOR1 gene.
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3 it it
0 0 4R A% A0 T PR AR 4T A I % 5

R . a2z, g0 3 A S (R
ML IS, 1 ELE M40 i - 40 sz, 4
J0 - 40 B8 T B A BaE ). AHIFSOR) %
RIEEJe 1R 738, 387 T A2 33k NORT 1) 5 WA 3
5-8F Aiffu &R. IR ILAEE K IE NORI 512 5-8F
AR, 0T 5-8F 41 AR O . 4l
I 2 T A 28 B O T J R Wnt {55 38 6 PR 5 A

J Ry £ (lamellipodia) 5 1 2% = (microvillus) 7§
S FH AN M1 2R 4L oy —— Tl 22 5 5 W 1 1) I R A 4
R FOR D 2 S PR . R R B 58 2 (membrane
protrusions), ¥ LT ITRE A MM HIZ:,
Oy IR A R A . TR T S b 5 40 i 5
TH (1) 200 BB 40 B A e R B A PR Sk, P9 A9
1Tz, AW HT T 9% NOR1 ZE[H 5 5-8F 4
[N AR S P 5 W et ) o R e e S Ea R
Z BRRHES, I 2 1 R R O 2 T A R A
P R L Y NORI J 41 Mo Bl 22 N g 25 4 38
W LIRS E L EFEDs D, )T IR O A2 R e 4
FEMITE . NORI1 5l id 22 Fgror A, 2 JLA F
R RTALE BT SRR BIAE 3 A ok 1tk £
JEBAE T BT A0 ST RS (1 = K S . AT R
TEFRH, MR 40 BRI [ P Ak B 2 5 R 40 i
(A KR RN R BE ) IEAR DG, e R e (s
S M IR T R P Sk B A i 2 TR RS B8 ) 1R )i ge 4
JfI®. NOR1 e i Jeiiii] 5-8F i Jfa R O 2 5 1l
YERMIER, FonILATnTgesm R 4l iz s 5
TR

AL RIS A 0 A R IR A R IA NOR1 5 i
5-8F 41 /il Wnt il #5214k FZD7. FZDS5 /3 1 3&Zik F
W RARER). WX LR, RIAEARR
Hgk— 250 1 7 NORI Xf 5-8F 41l /il Wnt {5 5 i@
PRI 1E &L, Realtime RT-PCR )l % B] NOR1
51 Wnt 324K FZD7. FZD5 4y %15 N, Eid
Western blotting #1455 ¢ it — 2 UF 52 NOR1 il
T B-catenin A%, K UIFEE 4 NORI [1) 5-8F 4
o Wt {5 5 38 2% 1% A6 52 290 . Wnt/Frizzled
(Fz) {5 5 A0 2 32551 40 RO AR 1 0z ) (1) 32 B0 g o),
De Calisto “5OHF TR IR, HREUE 4 i 73 )= F / 50T
B, Wt 88205 AT R T ok oh 2 22
R4 2 (filopodia) [ JE B, FATTHEN, NORI A fig
S T0 L P Wt £5 5 B 0 VR AL, R 4 e

(e CE A R T (K D R AN VD IR T & SR D
B, Wt {5 5 38 B 70 S 0 e 21 23 o B TR A,
Wt 3 #% [ I 52 445 7 FZD7. FZD5 DL K K4 (5
G4 20§ B-catenin WIS MR g 20 2R vy A 119,
T30 Wnt {5 5 10 B 5 S R e b B2 BOE IL ] H
MRS T, A WFFUIESE Wt 18 2 16 40 )
WIF1(Wnt inhibitory factor 1)7E £ W j £ 23 i [A
Bl 1 i LA R IR PUERDY 9. EB 995 # ) AT LLIE
I 2 PP IR Wnt/B-catenin Jl 079, AHFSTHE
7N, NORI ] fie 2 S5 MR 40 1L Wnt 38 26 1) £ R 42 1A
T, NORI 3 [RIAE S 20 21 b 0k N / Bk,
Al REfERE T Wt 38 B K SR IS4G NOR1 47 i %
Wt {5 5 B FL AR 5 R i 48 32 203 4% 1) 23 1L
Hil, RIATF P 2.

ROkBZ IR M, R OyE MM ES S
T AN Z M A s, A R taE s, A
SR A T A M 48 e Wt {5 50 % 5 b
A GNEAT A Z R LR M AT G 2, AT IR
F Wnt {5 538 B 75 ROy 2 SOk T8 b L
P T Fr .
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NORI1 Regulates Morphogenetic Cell Behavior in vitro Coincident
With Inhibition of a Non-canonical Wnt-signaling Cascade”

XIANG Bo"?, WANG Wei", LI Wen-Juan”, TANG Ke", ZENG Zhao-Yang", LI Xiao-Ling", LI Gui-Yuan""
(" Cancer Research Institute of Central South University, Changsha 410078, China;
2 Hunan Key Laboratory of Nonresolving Inflammation and Cancer, Changsha 410013, China)

Abstract
down-regulated in nasopharyngeal carcinoma (NPC). In the present study, NOR1 stable transfected NPC 5-8F cells

Oxidored-nitro domain containing protein 1 (NORI1) is a candidate tumor suppressor gene that is

were established. As a result, the 5-8F cells expressing NOR1 showed dramatic morphological changes comparing
with the control, such as less lamellipodia protrusions and membrane ruffles at the periphery of the cells. Ectopic
expression of NOR1 in NPC 5-8F cells also inhibited microvillus formation on the surface of tumor cells due to
filamentous actin rearrangement. Further more, realtime RT-PCR assay revealed that ectopic expression of NORI
suppressed the expression level of FZDS and FZD7, and then attenuated (3-catenin nuclear translocation. This first
report provides experimental proof to probe the function of NOR1 gene in the process of lamellipodia formation
and the Wnt signaling in NPC cells.

Key words NORI, nasopharyngeal carcinoma, lamellipodia, Wnt signaling pathway
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