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SRR AR . ASHITFTR H bR 4R 32— Rl 57k (K 10 8 5% 22 A 5K miRNA,

T8 R AR YA I B R Rl 2 . IR OB 22 (AT 50 R IR

miRNA £ JJ Fe 88 1L e v B T L%
RENS A A J0 R e B ROV AEHE AR . miR-132 2

—RE U MR PR RGAHSCH) miRNA, A EAHIFTIEI L SR A A, O T AE miR-132 55098

TR AH 5,
miR-132 BEMEFNH MDA-MB-231 41 il (135 .

F (KT HEAL

X#EiA miRNA, miR-132, MR #, G3BP1, G3BP2
ZR9ES Q2, Q5 Q7

microRNA (miRNA) J& & 4 19~ 25 nt 3E
9m i RNA (ncRNA, non-coding RNA). il Z4 1)
miRNAs I ¥ d1 FAT SR 454 (17 44 shRNA Jii T
M. miRNAs $ZuE WE L 5 5% 7~ 8 Ak iR
HIFLIE mRNA ) 3" UTR JPH R IRER 751, 5
FUIEDN mRNA ANSE4 4 £y, Wi L EE D 2k
B DTBR BN, 1K B4 5% 5 A8 ML DAL ) -2,

KEPFFRIL, 27 miRNA 5% &
Jibgeg A R LA B AR OGB4, BRI, miRNA A
TETT JEUR IR I [ I 0 e A % R A7 38R 1) H A
KR yT T H. miR-21 W5 B R A [F) miRNA 2
—, AR Y] miR-21 752 B i AMER
PET R MR, RN EAPOET, 2
HhE R R 7R AE R, miR-21 5 Rk
P B SO 2% 2 OIRAS A ORI 9. Let-7 5K R 13 Fif
miRNA 4%, &0 T 9 FAFM RO L, 12
PN b i R I8 Let-7 KRR T gt 1
IR e, [) IS A E BH REAE 52 e IR AT B i0T R
RIS, TS, Let-7 KA R BB
e F IR AERICT. [FFE, miR-15/16 £EHE40hY

AHTFGUH miR-132 H Y N T % SR 40 i 2 MDA-MB-231 4 fid b, #0040 0T B 2 A8 4k . SE i R I
H T 33538 miR-132 $0HI40 ME R 1 ML, AHTFUE A B4
FBSHITEET 3 FThe 5 s 8 A0 XK miR-132 IR FE AL,
MCF7 5 MDA-MB-231 4, K% 4% miR-132 FXf 41 MDA-MB-231 40 fid rfr LA | 3 L DR (1 208 22 5,
G3BP2 W[ §E 25 miR-132 X I & . AR K HRE miR-132 5 EB LR,
YL T miR-132 A 1FE A e e A R S SRR I3 0, g 6 4% B g — A3 i 5

TA14> ) J& CHIP(STUB1). G3BP1. G3BP2. 735l LL X}
AR G3BP1.
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miR-132 J& cAMP & ¥ JG £ 45 45 & 1 (CREB,
cAMP response element- binding protein) I #E45x. J%
#omiR-132 KJE 4 22 bp, MK E N 66 bp 117714
RNA #4700 T £ B, miR-132 /5 HESh b =
JELRSY, LEAFPFP 25 AHEL. miR-132 jE A7
TR 10 ek, NRIIEE 11 5 QA
(R85 17 SYe 04K, miR-132 HF W) B A I 5 i 4
A TR ER L X 2 ELEARE TT I 7 55T
e, IFAEPE I AIE Ty R FEAE . 3244 1wt
oA, BT N AP miR-132 SRR, A
W FCE 0K miR-132 5 s 7% 5CE, 1@ i w5t
miR-132 7& & 3T F 41 i Bk MDA-MB-231 FIRT #
g f bk MCF7 i b i R I8 2= 5, LA
miR-132 ] MDA-MB-231 41l iy 55 % 41 MDA-
MB-231 4l MU 75 D) Reffs 2 %, %8¢ miR-132 5
RHBMCR. MEESEYE RS TRIFHIEE
JE miR-132 [FJHEIE IR, Ay BT /i miR-132 75 i
RS ML

1 MR57E

11wl

FLMRIE 40 M R MCF7 40 i by o [ RL 27 Bt 2B
Wy BB 5 T 2RI O DR R s LA A T R
MDA-MB-231 40 ffil 5 F g4 f e, 4 i b 77 3
& Hyclone A l; FEME. $rA2%E . DMSO. A
RNV AR T3 2 IR VA H Gibeo A 5
G2E LS H PAA /A Al RS2, Trizol Reagent
ik 7l . Lipofectamine 2000. Opti-MEM. SYBR
green Z¢ KL )04 H Invitrogen 23 7] ; M-MLV i¥fi ¥
Sk H Promega 2y H]; Transwell A% [ Corning
VNG
1.2 A%
121 g%, MCF7 40 5e SRR 3L o A -
MEM/EBSS 577 5:+10 mg/L J % 2% +1.0 mmol/L 75
P 124 +0.1 mmol/L 3F W 75 2 FE MR +10% 16 4 1ML 3 5
MDA-MB-231 4l jfl5¢ A5 = 5 il or Jy: LIS £ 9%
F+10%i624R 135 . 4lE T 37C, & 5% CO, I
MR FRR PR, 0.25% B T T 40 w4, 4%
. A4 I35 +10% DMSO FH-T- 4 o447, A7
¥} 4°C/30 min, -20°C/2h, -80°C/ 17 T
1.2.2 ki, Bl L A 25 PR 2
ml M. KiLHAA AN pGPU6/GFP/Neo; miR-132
HIA miRNA /551 4: 5 CCGCCCCCGCGUCUCC-
AGGGCAACCGUGGCUUUCGAUUGUUACUGU-

GGGAACUGGAGGUAACAGUCUACAGCCAUG-
GUCGCCCCGCA-GCACGCCCACGCGC 3’. miR-NC
A& miRNA P41 %: 5" CCGCCCCCGCGUCUUU-
CUCCGAACGUGUCACGUUUCAAGAGAACGUG -
ACACGUUCGGAGAAGCACGCCCACGCGC 3’
1.2.3  Zifuse gy, AR, K an il T 6 fL
B, A4S 4 M 7 55 208 B 80% ~90% . % f]
Invitrogen 2~ F] $2 41t ] Lipofectamine 2000 i B 153t
ITHEYY, 24~ 48 h Jo Ky AL Je .

1.2.4 Transwell fRSMZ 225, K i Gy J5 1H 40 il
VAN B4 g B, % Corning /A ] Transwell
24 FUBII B F5 64T Transwell 4MZ 28525, H
0.1%45 i S WO I B8 i () Al M gh AT G . B9
BE NS B4, REAS transwell 2N FLBE AL
B8 ANLEF A, BRAFACER R, X A A et
(P40 vt 2, DA A% 40 g 2B AN transwell /)y
EISAN gL, THEAXITRE K.

1.2.5 RNA $2I - W% 525K, Trizol Reagent i
FIALBEAN L, $EHUE RNA. M-MLV 3% %4 S5 il
RNA i¥i% 4 ¢cDNA.

1.2.6 PCR x¥. PCR RMNAKFRAN: cDNA 1 pul,
2xPCRmix 10 pl, primer(10 pmol/L) 2 wl, X 7%7K
AFE 20 wl. NFEFHA: 94T /5 min; 40 ME
N(94°C /208, 60°C/20s, 72°C/205s); 72°C/7 min;
4°C/f/47. PCR 5PN CHIP, F: 5 AAG
CCA AGC ACG ACA AGT AC AT 3', R: 5’ CTG
ATC TTG CCA CAC AGG TAG T 3’, 106 bp;
G3BP1, F: 5" GAC TTG AGG ACA TTT TCT TGG
GC3’, R: 5 TTC GGG CTT AGA CTC TGG ACG
G3’, 135bp; G3BP2, F: 5 GTC CGC TGC TTG
TAG GGC 3’, R: 5' CAT CAA GTT CAG GCT
CAG AAT 3’, 120 bp; MTAIL, F: 5’ TAC GCA
AGC CGC TGG AAG CC 3’, R: 5 GTC CTC GAT
GAT GAT GGG CTC G 3’, 157 bp; MTA3, F:
5" TCC CAA CCT ACA GCA AACC3’, R: 5 GCA
CAA CAT ATA AGG TTA G 3', 148 bp: XOR,
F: 5 ATG GAC CCG ACG GTA TCT C 3’, R:
5’ CGC CAC AGA CTT GAC TTG C 3’, 144 bp;
B-actin, F: 5’ TCA CCC ACA CTG TGC CCC ATC
TAC GA 3’, R: 5' CAG CGG AAC CGC TCA TTG
CCA A 3", 297 bp. 1%IE/labH &L ik 7> #t PCR
7Y, BB UR R G i r KR O 4y BRI
AR IR BT AR N BB 158 6omE /
N Z(B-actin) 55 ilF 2GR
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1.2.7  SEW % 9% )% PCR [ WV (Real-time PCR).
miR-132 85K ] SYBR Green ¢ Y6 ik #HEAT SZ I
€ B PCR M. RONVFEFA: 94C/5 min; 40 4>
fEIN(O94°C/10's,60C /155, 72°C/20s); 72°C /7 min;
4C /R A7, 517 HI A PCR /. A FH 3 T
polyA ZE 4 Ml N2 7% (polyA tailing assay)[f] real-time
PCR %} miR-132 @47 5¢ S A7 Mll. miR-132 PCR 5|
¥ Hh: F, 5 GCT CTC ATC GCT AGC GAT CGT
AG3’, R, 5 TAA CAG TCT ACA GCC ATG GTC
G3'; WZU6)5I¥: F, 5 CTC GCA TCG GTA
GTA GAT G 3', R, 5" ATC GCT ATC GCA ATT
GTA AGC T 3. X REEZE R ITHE KA
AACt .

1.2.8 Ziil 2% #r. SPSS13.0 A 4eiH ik, A
XPHCHE ¢ KIS R B 22 e B e, P < 0.05 fRER
R,

M
2 4 R
2.1 miR-132 5T B MK TR AmKD
RFRIE

miR-132 J&— eI A K. IR AT PR
B JAE S R AEE /N RNA, 6 e e B g
R IE I WK PARIE. B T IEW] miR-1324 ik
FFER P IER, BATE EMEE T miR-132 76 miE
41 il 2 MDA-MB-231 FUEIT & 41 e &2 MCF7
M)A TS M. Real-time PCR 45 H Wo~, KT
Jifl % MCF7 40 o b miR-132 ik W] B T il
Bl & miR-132 1 R IE = (K 1), U
miR-132 1] §e 5 MR 4 AL AHOC.

1.2F
1.0F
0.8

0.6

Relative expression level

Fig. 1 Relative expression level of miR-132 in
MDA-MB-231 and MCF7 cell by real-time PCR
Relative expression level of miR-132 in MDA-MB-231 has been set to
1.0. All the real-time PCR assays were carried out in triplicate. y axis

level represents x + 5. * P<0.05. [0: MDA-MB-231; [@: MCF7.

2.2 ZHBEIKIMEFZ-Transwell & 3218

Transwell 1% 2% 51256 42 74 SRS I 41 1 #F %) 42 28
e hrE HFB. A T 5AF transwell 1% 22 5256 1)
AEEE L R AT AU A TR A R
MDA-MB-231 4 Jfd J2 {11 # 41 il 52 MCF7 41 Jfd i3t
1T transwell 12 785556, 5P 2a o, B2
B R Al R IR I B dn . M 2
BT W, 2854 24 h (3EF, MDA-MB-231 i fii
(R0 M BH S22 T MCF7 4 XF 20 45 i R e e 1)
oA M HEAT S0t MDA-MB-231 41 gl 6T #5
Y H 84%, MCF7 40 Mu i AHX T #2498 39%
(K 2¢). %4l W8 MDA-MB-231 4 UiT 8 %
MCF7 4if, WFEW transwell 42 285256 7] DL Tl 52
S A0 Z 22 HE ).

(a) MDA-MB-231

miR-132

(d)

°

g12 *
& § 1.0
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504 E 04
=02 § 0.2

0 z 0

Fig. 2 MiR-132 could effectively

inhibit tumor cells migration
Relative migration ability is analyzed by transwell assay in various cell
types. (a) MDA-MB-231 and MCF7 cells are stained by crystal violet
after migration. (b) MDA-MB-231 cells transfected with miR-132 or
miR-NC are stained by crystal violet after migration. The original
magnification was 10x. (¢) Relative migration ratio of MDA-MB-231
and MCF7 cells. (0: MDA-MB-231; E: MCF7. (d) Relative migration
ratio of MDA-MB-231 cells transfected with miR-132 or miR-NC. The
relative migration ratio of MDA-MB-231 cells with miR-NC
transduction has been set to 1.0.[] : miR-NC; @ : miR-132. Triplicate
assays were performed in each cell lines. y axis level represents x + s,
*P<0.05.
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B 5, TRATTHE 4 miR-132 ) MDA-MB-231
20 5 % G 6w X miRNA ] MDA-MB-231 41 jifg
3 AT transwell ARAMZ 22525,  LAFST miR-132
TEARSIAT I8 41 BT #2 e 07 (s, 2 SR R e g
miR-132 ) MDA-MB-231 41l ff 3 #% ik Ji5E 1) 41 i %5
B A2 A T 0 R 4 4 4 N 3 L RNA (miR-NC) [
MDA-MB-231 40 il (&l 2b). A} 20 45 28 Y 1 1 it
JEE 20 M b AT ZE vk, B BoR B 4 O\ miR-132 (1)
MDA-MB-231 41 i A % 3T % 0 %) 411 29.4%
(Kl 2d), 4 miR-132 JE 4 iR 0 B PR, iF
] miR-132 A& % 7 44 4 v R4 i) w1 % 40 i &
MDA-MB-231 3T # . [ I A BF 9% 380 & B 1
miR-132 5 s 4 BA G, RRIE h $ i i
Jo S I AR,
2.3 miR-132 $BEF

DA B R SR, AU I miR-132 Aefg 1L
RSN IR 40 B 7, FF HAXRPRE )2 1 I R
L. N T k25 7R miR-132 4H] R 6 AT AE AL
i, BATAE CA I, kR e SITBAR K
(1 20 Z ALK 37 UTR 3415 miR-132 1) 5'3i; 8

AMREEHAT HON,  EEN SR BoRAT 5 AN miR-132
A A R, e A4 il & CHIP. G3BP1.
G3BP2. MTAIl. XOR(K] 3a).

BfiJ5, Real-time PCR A LA | 5 B L PRI AE A
A 4 i A i 3R IE s B . fE U miR-132 (1)
MDA-MB-231 41 i, miR-132 ik &t & T
7E#: 4 miR-NC ] MDA-MB-231 41l Jitl 7 (1) & 5 2
(Kl 3b), ERH miR-132 I RIE RS ). 7ELL LT
D) miR-132 nIREMVEEIE DA, SRA Rl 2 R
CHIP. G3BPl. G3BP2, MTAl. XOR ik %7
AN (B 3d). $iH] miR-132 £ MDA-MB-231 4
J rh R T 40 BT S ) v] BE AL R CHIP. G3BPI,
G3BP2. fE il 4 il R MDA-MB-231 41 Jiid 1,
CHIP %i5#% i, 11 G3BP1. G3BP2 (K ik#l -
W (B 3¢). dHrf CHIP ZEK & w5 s 1T
FHOG, CHIP [P IA 2 5 [E g (1) 1T % g 0,
A e FATTHED, miR-132 R AEE L T G3BP1
G3BP2 il g 7 7%, 1y HAXA N CHIP iz
BERIRE RS, IR A% I 2 P BRE DR L [ R Y 1)
% /bl CHIP. G3BP1. G3BP2 JL[]if™y.

(@) (b)

miR-132 (3'~5"): GCUGGUACCGACAUCUGACAAU E: L4y ok
512t

CHIP (5'~3'):  GCTGTTGGACTCTQGACTGTTT 2 10} I

an. , g

G3BP1 (5'~3"): GATAGGCTTTTCTTGAACTGTT. 3 08}

G3BP2 (5'~3"): AAATGCGATGGTCTTIGACTATTA B06r
>
-5 04}

MTAI (5'~3'): TGTAACTTACACCTGQGAATGTTA 2 0n
2 Vel

XOR (5'~3"):  GATAAGCAAATTCAAAACTGTTA 0 —

© (@)
20t

I 3k *

ks _ 20}

£ 15f g

% < 1.5¢

10 %

U g 1.0 *

=4 ’—‘ ~

0 I—Y'l—x—| 0 =

CHIP G3BP1 G3BP2 MTA1 XOR

CHIP G3BP1 G3BP2 MTA1 XOR

Fig. 3 Relative expression levels of miR-132 target genes

(a) Blast between miR-132 seed sequence (8 bp from 5' end, in the box) and 3' UTR sequence of putative target genes of miR-132. Bases of miR-132

target genes complementary to miR-132 seed sequence are in italic. (b) Relative expression level of miR-132 in MDA-MB-231 cells transfected

with miR-132 or miR-NC. [J: miR-132; [ : miR-NC. Real-time PCR analysis of expression level of miR-132 target gene candidates in MDA-MB-231
cells and MCF7 cells (¢), [0: MCF7; E: MDA-MB-231. (d) MDA-MB-231 cells transfected with miR-132 or miR-NC. [J: miR-NC; @ : miR-132.

Triplicate assays were performed on each cell lines. y axis level represents x + 5. *P< 0.05, **P < 0.01.
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3 it it

AW FE R B — BB I A R N RNA——
miR-132, B YR & e % 0 6 i R T B
miR-132 4 5 M A RE ST R AH G ALK X . CHIP
(STUBI). G3BPl. G3BP2. MTAl. XOR. HH
e NI EER{ A CHIP(STUBI). G3BP1. G3BP2.
M LL_E 3 FidL P £E MDA-MB-231 H_F i 1 3 A
7 G3BP1/G3BP2. A Ut, miR-132 n] fgid i F iff
G3BP1/G3BP2 [f13iA, il 1T #.

G3BP1 1 G3BP2 >}y Ras-GTP Bl 45 & 15
(RasGAP SH3-domain-binding protein)!', G3BP1 H
HIZERL N T 2 FHALZE ) 4(NTF2 domain, nuclear
transport factor 2-like domain). RNA - 5| JC 445 44
I (RRM domain, RNA recognition motif domain) !l
K% - HE R = S X 38(Arg- Gly rich region),
A% N DI J DNA ff 0 5e B (135 0. A7
PARELY], G3BP S EFMEHI. 2 R4 fufE
SRR, RNA AN, 40 A e, S5 AA 7 s
G2 TP A G B AH O, AR JR B A AR S E R
G3BP 5T B R R, ACUuEW T
miR-132 7] fiEil ik G3BP1/G3BP2 i 5 il iT 5 .
R T miR-132 [ MDA-MB-231 48 Jfih, CHIP.
G3BP1. G3BP2 &ia# i, 1t CHIP ¥ F i
R 5 [ IR 4 A% e ) IR s, DR, AT T4
H 2 FhEEDN & 2 PG 5 IR R 11 R I e #2 g
71, MR RES A & 2 7 gi s i m s ). e,
CHIP AN e E o #i7 5 M 939 40 M %% 7% RE ) 1) e — F5
Y. A SCHUR T miR-132 AT/ 5% G3BP A W] fER
B A M AR RS e bR A

Ji R 40 M 5 IR A R (R DG R — AR S
W. CH TR EY GSK-38 58 T-4i i i 1 3%
OB E JIAHSC. GSK-3B [ F A #GE WNT {55 il
B, ARSEIE A BRI, ARFIUR AR
P\ miR-132 ] MDA-MB-231 41l g h GSK-3p #%
TSRS G TS e ) IR 59 (B 7R AR SR B
), W7 MR 4 5 R e A 1) 00 RO SR
I MR RS IR 4 S 2R rh D\ 40 i F 72
REJJ R IR ARE . Mg 4t 5 e A 4% 3 G2 IEAH
Ky RS, JIHFHIE.

miR-132 A3 5 A H0 R R s AR, HAT
B ) R AR . T miR-132 A4 P R RS 1 5
M, miR-132 3@k G3BP 5 M Rg 4 5% (1 AH A5
Wi, DL R S R A R AR . R

o KRBT ANRIF O SO R R St T — 48T

s % %
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MiR-132 Inhibits Tumor Metastasis

GUAN Di"?, LIU Chun-Ying?, CHEN Chen”, YIN Qin-Wei"¥"
(" Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China; ¥ Beijing Military General Hospital, Beijing 100700, China)

Abstract It has been shown that some miRNAs are related with tumor invasion and metastasis directly or
indirectly. Our aim is to find a specific miRNA which plays an essential role in tumor metastasis. Although it has
been shown that miR-132 was associated with blood vessel growth, neural development and differentiation, and
inflammation, relationship between miR-132 and tumor metastasis was not studied in any research. In order to
identify the effect of miR-132 on tumor metastasis, the migration ability in vitro was detected on breast cancer cell
line MDA-MB-231 cells transducted with miR-132 (miR-132 group) and or mock miRNA (control group) by
transwell assay. The results demonstrated significantly lower migration ratio in miR-132 case compared to that in
control case, indicating inhibition effects on cancer migration of miR-132. To clarify the inhibition mechanism by
which miR-132 inhibits cancer metastasis, target genes of miR-132 were screened and identified. They are CHIP
(STUBLI), G3BP1 and G3BP2. The expression levels of these 3 genes in MCF7 cells (metastasis cell line) and
MDA-MB-231 cells with or without transduction of miR-132 or mock miRNA were detected by PCR and
Real-time PCR. Two key genes, G3BP1/G3BP2, were founded to be involved in the regulation of miR-132 to
tumor metastasis, demonstrating that miR-132 could silence G3BP1/G3BP2, which resulted in the suppression of
tumor metastasis. Our research suggests that miR-132 may be an important potential target used for inhibition of
cancer metastasis and clinical therapy of cancer, and shed light on the suppression mechanisms of miR-132.
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