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siRNA-mediated Stably Knockdown of MR] Up-regulates Expression of
MMP-9 and Leads to Cytoskeleton Rearrangement in Breast Cancer

Peng Nana', Zhuang Honggin', Wang Yao**, Hua Zichun'*
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Abstract MRJ knockdown stable cell line of breast cancer MDA-MB-231 cells were constructed and
screened with plasmid of MRJ siRNA. The MRJ knockdown stable cell line was used to investigate the effects of
MRIJ on cytoskeleton rearrangement and the expression of matrix metalloproteinase 9 (MMP-9). We transfected
the MDA-MB-231 cells with the plasmid of MRJ siRNA (pRNAT-U6.1/neo-MRJsi) and used 600 pg/mL G418

to screen the stable knockdown cell line. The selected cell line was then subjected to Real-time PCR and Western
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blot assay to quantitate the mRNA level and protein level. Then immunnofluorence was used to investigate the
distribution of microtubes and microfilaments using anti-a-tublin antibody and phalloidin dyes, respectively.
Moreover, the enzyme activity of MMP-9 was measured using gelatin zymography and its mRNA level was
detected using quantitative Real-time PCR. The results showed that we successfully established MDA-MB-231/
MRIJsi stable cell line that knockdowned MRJ expression and named it MDA-MB-231/MRJsi cell line. The gene
expression of MRJ in MDA-MB-231/MRIJsi cells reduced 50% compared to the wild type MDA-MB-231 cells
(P<0.05) and the protein level reduced 70%. Moreover, the cytoskeleton proteins in MDA-MB-231/MRIJsi cells
were redistributed when compared to wild type MDA-MB-231 cells. Furthermore, the enzyme activity of MMP-9
was enhanced after MRJ suppression. In addition, the mRNA level of MMP-9 was increased significantly (P<0.01)
which was consistant with its enzyme activity. In conclusion, the establishment of stable MDA-MB-231/MRJsi cell

line is a fundamental cell model for further research of MRJ function in oncogenesis and development of breast

cancer.
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Thermo Scientific 2y m; {5 # 9¢ ' 2 B (ZEISS);
R BB (Olympus 24 7).
1.2 ZAREIEFRANGESR
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%) IIDMEMSS T . 35 41 % P T4 21150%~60%,
1E JIg J5i A Lipofectamine® 2000¢] 7 5 F #E 1T 4
Mo gy, JiikZ UL, OO & 2h TMDA-
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SEf %k, H A dishrh 42 10 LA 41 M T 4h 5508 386 i
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T, AN R B A R T B 22 e B, iy 44 MDA
MB-231/MRIJsio 4h8E37F%, b 08 H 1 PV b Bk
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ITHEARNH—.
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R1 KAEEPCRY
Table 1 Primer sequences for Real-time PCR

FIARk A 51975

Target gene Primer sequences

MMP-9 F: 5'-GGA CGA TGC CTG CAA GT-3'
R:5'-ACA AAT ACA GCT GGT TCC CAATC-3'
MRJ F: 5'-AAG TGC TGT CGG ATG CTA AG-3'

R: 5'-CCT GAA GAC ATC ATC TGG GT-3'

F: 5'-AAC GAC CCC TTC ATT GAC-3'

R: 5'-TCCACG ACATAC TCA GCA C-3’

GAPDH

HIMDA-MB-231/MRJsifil Jfl, w546 vt %5, LLAH A i) 41
W RN T oL TR Y, AT 58 A M BE S, W i B
TR, HIPBSUEF R AR I IR, BAL P INAT mL
TG FIDMEME: 783, 1737 °C, 5% CO.4 11 T #5
Fro 48 hfi, TEVK LB LG, FHEP 0 3 4f J5
I E T80 ‘CUKAHRAT . B 1S I T i 1 J 437 o
W15 F1I10% SDS-PAGENR ¥l 4% 773k, Horh T 2
Ir B N2 AL 1 mg/mLI I . 5 MMPs
(o4 i s 24 uLt56 Lty sx EREZE PR &
JEAE3T °CLRUE30 min, SR )5 EAEREAT fVK, FRVKAE
4 °CHAF T REAT. FIKGW G, H rIK IR AR T
JKe D i 1-4(buffer 1: 2.5% Triton X-100, 3 mmol/L
NaN;j; buffer 2: 2.5% TritonX-100, 50 mmol/L Tris, 3
mmol/L NaNjs; buffer 3: 2.5% TritonX-100, 50 mmol/L
Tris, 3 mmol/L NaNs, 5 mmol/L CaCl,-2H,0, 1 pmol/
L ZnCl,; buffer 4: 50 mmol/L Tris, 3 mmol/L NaN;, 5
mmol/L CaCl,2H,0, 1 umol/L ZnCl,)¥30 min, 2 )5,
W RNV 22 b4, TRAE37 °CHiR % TRl 16 h,
2% D s i Gt T €0 5 M € L A8 H IO W] 4%ty
Mk
1.8 FitFDH

W FISPSS 18.04¢ v “A B AFREA T e vt 704, S
Hln B LV Y HES EMA IR, 4] FBCR FH AL R
AR, P<0.053 7547 W 3 M2 7, P<0.013K 7" 17
T SR

2 FR
2.1 MDA-MB-231/MRJsit2 ERpt R B 2

FH G418(Zeocin) fiii 1% % AN pRNAT-U6.1/neo-
MRJsiJFt ki FIMDA-MB-23 140 fitl, i s % #% i 3k 15
AEAE600 ng/mLIT G418 Fa e AL AR 41 il % - Q-PCR
KrillMDA-MB-231/MRIsi4ll ff o (RIMRIZZ 15 7K T 55
Wild typedil JUAH EEA750% B FE(EI1A), 2 77 8 1k

BOL(P<0.05). Wi Ze Wor: DL I cDNA Y AR
B2, MRIGI ) 11Q-PCRY™ 14 = W) 77 445 s i 28 43 # ik
PR a8 I — N0, SRIAAAEAE B R 514 — R 4k
BARRE R PI(KI1B) . TS MR siRNA 1) 50R 2K,
P& JJpRNAT-U6. 1/neo, #1A&H H #y GFP 3R 1A Uk,
JIT LA 3 () R TP 4 M R A R B T s A
GO, X RRE TN B bR s sh i g i — AN B
M S5 B UE(EI1C). 53 4F, Western blot4h R & W,
MRIFEE T 41 R MRI(S) I (1K N4
70%(E1D). XL 5L B, MDA-MB-231/MRJsi4f
W= AR TR TR . MRIsiAR 8 TP FL I
0 2R T LLIRE B AR RN AR I 6 G 52 56 A7 7E 1)
T GRS 80 s B0 22 L R ), AP
PR AT FUBEE T K54l

2.2 MRIJ AN ERERMZEIS I

22 (F-actin) & LN L 114y TR TR R &

R ET 22, FEACIRAR (IR E T T BACIR P 25 2544
IR GEIR I 265 &5 4, %08 20 Ji 1 22 0RO J A S RE 1
F, AN A2 30 4 i ) AR 4 e ARE . R
2E IR R G 4 40 L (1) F-actin, M &I20] DL i, MDA-
MB-231/MRIJsifd 22 Hf Aii 73 1, 15 40 0 N HE A 28 5
TR, A5 2 (RN g 4F e 22 AR O e o 1ITMDA-
MB-23 14 i i 22 53 A1 5 AOR 45 0, K8 7 ] —
AT o0 A, HMDA-MB-231/MRIsiZ fLA W] 5 2

=N
Jt o

2.3 MRIJTIAXMAEERERMENI

T (o-tublin) & B AHCE B A R 2 A R A
IR R A EIR G R, S A SRR RE AT k. K3
7R, MDA-MB-231/MRIJsiPH % 41 fi (2 15 21 16,5
R PR 40 ) R B 1 TR i AR A Ak 328 T 2R AR OR
Iri) 9 i S AR, HAAT R AR, 1T RE 2 S ) DS
MDA-MB-23 141 J {5 5 11 32 24 258 SR 0 A /e 41
k% JE
2.4 FHMRIXFMMP-2FIMMP-9ES 5 14+ #Y 52 0

LA SCHR RS, 7122 B i 5 4 Jfd (astrocytes) HY,
MMP-9 nJ DL 45 41 1 Zlactin ) 2 2% A1 oy At 7
FLMR I 40 M b, S92 26 43 BT RIS AL IIMMP-9 53
A T 40 (0 B SR Ay A2 U Ak 55 ] DU L i
FMMP-2 (1) 375 4 ok W 438 Ik 22 (R HE AT, SO o B
A% TMRIE 41 ot 22 F sk s 85 (A 4RI 361
IR EHE, FATEBEMRY N 5 | 40 R 48
FHMMP-2EMMP-95 [ & (1], -2 IV B Jie il o v gk
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(A) (B) © (D)
Melt curve
g 15 *P<().05 43 { MRI(S
= ] i (S) e ~- 32kDa
c.:/ 4.0
'g gz.s
2 101 520 GAPDH i w34 kDa
Z g2
o XX g2 ] Wild type ; i
= K % 250 : ‘l' Wild type MRIJsi
205 KX ey Zis i 2
£0 ’:“‘. g 15 \‘ E 1.5
s | B S ] o =
= XXX [ | £ !0
E K i & Z50s
) 5 Q ..
M 0'0 ld v 65.0 7UYOT75 0 8&70 85.0 90.0 95.0 M g 0
Wildtype  MRJsi omperate - i 25
yp Jsi Temperature (°C) MRIJsi 2 Wild type psiMRJ

A: Q-PCRZ HTMDA-MB-231/MRIsi4ll il & FMRIZKIA /K T; B: MRIG IR 12k, C: GFPI{IZIA; D: Western blot# MIMRIZE 17K T
A: Q-PCR analysing the gene expression of MRJ; B: primer specificity analyzed by the melting curve; C: the GFP expression; D: MRJ protein level
analyzed by Western blot assay.

Ell MRJT2TE T4 R AYRTIGIE
Fig.1 The demonstration of the MRJ knockdown stable cell line

Actin

Cy3 Cy3

Wild type MRISi
[#2 +IMRJ 5 5| Re HE TR 22 EE HF
Fig.2 Suppression of MRJ led to microfilament

MMP-9 92 kDa

MMP-2 72 kDa

Wild type

MRISi

El4 BRESERIL A MMP-2FIMMP-98E & 14
Fig.4 Gelatin zymography analysis of the activities of
MMP-2 and MMP-9

rermmaement SCH 40 %48 U, )62 3 43 BT . 1RMDA-
Tublin MB-23141 ffii FIMDA-MB-231/MRJsi4Hl il HMMP-2
Cy3 Cy3 FITC FIMMP-9T) g 7% 1. 15 %) i ZHMDA-MB-23141 Jifl
A1 EE, MDA-MB-231/MRIJsi4f fiil HMMP-937% % i 2%
FJt, HQ-PCR&E K a#h—5, 45  Wor, MRI Tl
A LA HEMMP-9F) Bl 375 1, i MM P25 4643 1
B4k, 4878 T MRIT-HE 0] LURE 5 Hi 5% iIMMP-91f)
Wi E
2.5 FHHEMRIXTMMP-9 mRNA K&
Wild type MRISi MRISi

E3 FHMRIE 5 EMEHEEH
Fig.3 Suppression of MRJ led to microtube redistribution

ATUUE . T HC T 3% 25 11 SI2 365 114) JiR # 2 B MMIP-2 R 11
MMP-9 1) 57 P )i ) W iR 1 T-SDS-PAGEJK: 7, il
T AR Gevd o M 4ty B IS /N R M B Ve P . A

N T HE— 2D B AEMMP-ORE E Y (1 48 I 2 75
FCRESRP 5 R 1, AT AT T S E SPCR 5K
Koo SERUESHR, W IHZ B DL R cDNA
A, MMP-951 ) 1) Q-PCRY™ 14 /™ ) 7r 445 rii il 2k
Iy RLRE R L0, R A AR 1 51
TRAR AR R R ). Q-PCRAS Ik B 20k 45 R
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(A)
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**P<0.01
6 =

[\S]
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R
e
R

Relative MMP-9 mRNA level (fold)

S|
: d

v .
Wild type MRIsi

(B)

5.0

Melt curve

4.0
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{‘
|
L

650 700 750 80.0 850 90.0 950

Tm: 77.56
Temperature (°C)

5 Q-PCRATHiMMP-9 mRNA7KF(A) K 5|41 895 % i 25 (B) 73 4
Fig.5 Q-PCR analyzing the gene expression of MMP-9 (A) and primer specificity analysed by the melting curve (B)

or: 5P MMDA-MB-23141 il 4 L, MDA-MB-
231/MRIsi4l i 1 (I MMP-95: R 35 T T 21545,
AR B 22 53(P<0.01) . 45 B MRIR A5 7]
RE I 1o 38 INMMP-9(1) i 5 7K 1>k 3 mMMP-9 1) il
T

3 itig

At SRR L1207 10 2ok AR S, 750
PR ER A N 3 PO/ ARE YN A R ES R €
W, FLMGIE 2 T Lok a5 WIS R .
FUUE 5, HSP40-L5 7L I I e 1) & e 5 D) AH OCUST,
SCHR AR T LE L bR A T R0 LR R A )
HSP70F1Hdj(HSP40), ELISAK il % B 3% 1 i 987 v
HSP70HTHAj )ik /K F i T R AR ", DNAJB6
£ $DKK 1 (dickkopf 1 homologue)#% 5% /K V- 1t I i
KA Wnt/catenin 5 5 38 42 W T H00 51 i 988 1413 % 5
S EMT# 422%, Micro-RNA632 K IDNAJB6 1) %
32 T A 33 LM 4 B R R Y. Rtk W SEMIRD
X LM A0 I AR ) AT O B LR WTRLR
FLIE VT RIS S 55 2%

16 A BE 50, AT RMRIS)H T+ £ 5t ki
pRNAT-U6.1/neo-MRIJsif% 4t FI| 7L it 5 4l fuMDA-
MB-2311, FHG4181i 1% 153 3| £ 5 R IBEMRIT- 4 i
FL ()4l B bk . Q-PCRAY 1T Y, a7 40 M bk rh MRJ
IMRNAZK L N H50%, F& e Rk T3k b [
GFP%¢ 8 119 83Kk, JF HMRIM 8 K i
2970%. A i R R O AH S SRR T — AN
AR N A A

A0 MR B2 el 4 N 22 R 2R G ) R SR
TR IR N AE 5 o DO RV 22 JE i e b
AMPER AN B A B, v DS 1712 5)) .
T A NIE R, 183 B2 SR A IR SR A,
EA s R PR E L (0, e ANz F 2
& HHAN AT 5 5 1 Y, T8 PURP LAY g e 23 5L
B 2 W TE G . AR AR 4 Y 22 R0 A2
B 502 W 288 R ROIR £F 4 T8 SO ) £ 4, A B 4 A i
IRIFEIE I S AT T A g i 28R uE A 7
1) 4 i 285 e 2 Al TR 28, IR b 2 1 R IE LE A 1)
SRR AN RSS20 B BRI 1 T A e
T e | G S A P S ) TR R o B
(4 FE . A SZE H, MDA-MB-231/MRJsi 4 g 7 %
S A 0 0 i P il 22 1R RN SROIR 2T 4 4540, S e R
IIHHED, AR 2 I 22RO /2 RN ) 2045 TiTMRIT
P50 B 1 SR oA ) 794 i SaE A, AR M
TP RT DAASE YR T A2 ) el P A i A ) 4 i
JIEE 5y T % 31 40 B 1y ity (leading edge)™, WTMMP-9,
A5 5 B M AR 5 R TR 4 A i AR 2
()53 A, AT A 240 1 5 56 5t 2 T Py e A R 5 B
JE [ AT

AH 26 SCRR IR B, MMP-9 0] L 22 41 B 1 48 5
FHHEAT . 52 B IR 5T 4H il (astrocytes) !, MMP-9
AT LU 2 40 B 42 2R M actin ) 4285 R 40 A1, e 3k
i 55 5 i 1R TR ST A L e 4 B R, e Ok
53 B & B A FIMIMP-973 A1 T~ 41 J 1) B4 SR Ok 2
Sl 3 HMMP-9 (1) 5 4 1A S FllIntegrin (1) {7 5 18
%A OGP, T integrindt i R iR 5 0 o] LLATAN



1340

[

L

1 28 AT X 5 (crosstalk) A 1 3F 47 i #2520, B
AW ) 4, MMPsHITHSPs G & % V). 76 JL IR o,
HSPOOATHSP70 AJ LA G MMP-2 () B 3G 1P, 724k
NG AT 9 v, HLI1(HSP40 SR i (1) — > i B3y ] BL
FINPM 1 (nuclear protein nucleophosmin)AH &. 1 H,
HLI1TER I ENPMI 1) 55 24k, H0 i AP-20f) % 5%,
M HMMP-235 PERINES, 554, SRR & A
55 90 i 58 0% FR I HGE A5 1R 22 HSPOO R] LA fil
255 HSPTOLE i 5 24 43 1 P AR 1 85 Ak &
T A DG ER 11, HSP70 7] LU o tau(—Fh A AH G
1) 12 tublin®, 5 1] LURITCP- 1A B A F 1] 42 5% mi
actin; — %8/ R HGR T 23t mT DLAN 41 i 4R AH T
5, 0o B8 R A ARG P 7 X5 i SR ) 2R 5 PP,
HJE 56 T-MRJISE Wi 40 H 2 S8 R p L3 AR 2D A7 AH DGR
o HT L E =S, AR HENMRI T f8 &
T I MMP-9K 56 i 40 i 15 4210 o A S0z F WY it i
293 M R BIMDA-MB-23 1/MR Jsi 4 i - MMP-9¢) i
TR BT FRATRI A T MMP-21RE P, 45
W ZRMMP-2 R PR I A AR il 2 e, AT 36 W
MR} F-MMPO[#) i 45 LA MMPOH %7 5w k. 3%
13— 2P A HQ-PCRE; A X MDA-MB-231/MRIJsiH
MMP-9FmRNAZR A BEATRL I, K ILMMP-9 mRNA
AP B NS, Mg B8 7R TMRIM R GE T AT
MMP-9%E X 5 S5 38 5, 3X n] g A& IR Ok 2848 FHLIT
PIALEI B VE L, BIMRIF 5 i) T % sk 4l BHLIE 4
() 223k, MM A MMPIE R ik 8 0. 3 T A 5256
HMRIT3E B2 EHMMP-9f) %A, O A STk
MRIFIMMPs ] 5 % KM, BL & ARIEMMP-9 5 41
JH - B2 AH OGPk, A SCHE IIMRIIE i MMP-9 (1) 1
FH 20 48 B 2 ) FEHE, mT B JE MRIR i Ji5 384 0 1
MMP-9% 5% 7KF, AT 5 16 40 i 28 2 1 e Al
AT ge 8

Zr EJTiR, MRIEE 110 5 2k o] Be e 3L
FERAE RIEPREZREN . ACHPMRIF)T
Pl DL 2 b LR P MMP-9 ()35 1k, 1] fEi
— 50 0 B AR 1) A AT AR R, N A LGS
AN G IR PN AT S (R, T e 2 BN — ANl i
UF TMRIS LIRS 4 fu it 25 ) 6 R . H |, LA
M 28 g B o ) — L8 254 AR AR N B I
RIS, A7 1)L 2 4 A hy o 6 Jigg 1) — = 2RI K
2402 3K O MR L1 40 e 28 v 19 D) RE AT 5
FEHE TS . AN I A [ MM Ps I8 45 5K i)

A ZRE AR I e LR A A1 B 508 4%, MRJ
A7 AT R U 7 5B SR T ) o
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