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[ Abstract)Objective ; To construct a recombinant eukaryotic expression vector of human matrix metalloproteinase 2(Mmp-2) and in—
vestigate the effect and mechanism of action of MMP-2 on the migration and invasion of hepatocellular carcinoma cells. Methods .
The human hepatocellular carcinoma SMMC-7721 cells were used as the research model,and the recombinant eukaryotic expression
vector pEYFP-Mmp-2 was constructed by gene recombination technology. The cells of pEYFP-Mmp-2 transient transfection model
overexpressed MMP-2-YFP, while the cells of siRNA transfection silencing model expressed endogenous MMP-2. Then the above
cells were divided into five groups,namely control group, MMP-2 silencing control group(siCON),MMP-2 silencing group (siMMP-2) ,

TEENLE A /&, Email; 1024280366@qq.com, overexpressed MMP -2 fusion protein control group (ovNC),

BT 6y I R and overexpressed MMP-2 fusion protein group (ovMMP-2).
EAR1EE 1 1 3% Email : 1737049021 @qq.com, Wound healing assay was used to determine cell migration,and
EETE ST TR R TR A (%5 546 F[20161001)012); Transwell chamber assay was used to evaluate cell invasion.
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Calpeptin, a specific inhibitor of calcium—-activated neutral pro—
tease (calpain) ,inhibited the activity of calpain. The expression

levels of MMP -2, MMP-2-YFP, E -cadherin, N —cadherin, and
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vimentin were measured by Western blotting. Results : The human Mmp-2 recombinant eukaryotic expression vector pEYFP-Mmp -2
was successfully constructed. High expression of MMP-2-YFP was observed in the ovMMP-2 group transfected with the pEYFP-
Mmp-2. Compared with the siCON group,the siMMP-2 group showed a significant reduction in the expression level of endogenous
MMP-2(P=0.000). Meanwhile,the cell migration in the siMMP-2 group decreased significantly at 12 h,24 h,and 48 h(P=0.000 or
P=0.001),and the cell invasion also decreased significantly at 48 h(P=0.004). Furthermore ,a significant up—regulation of E—cadherin
and significant down-regulations of both N-cadherin and vimentin were manifested in siMMP-2 cells(P=0.000). Compared with those
in the ovNC group, the cell migration in the ovMMP-2 group increased significantly at 12 h,24 h,and 48 h(P=0.015 or P=0.001),
and the cell invasion increased significantly at 48 h as well(P=0.011). In addition to those,the ovMMP-2 group also had a significant
down-regulation of E-cadherin along with significat up—regulations of N—cadherin and vimentin (P=0.003 or P=0.001). Results also
demonstrated that calpeptin pretreatment significantly reduced the cell migration and invasion,up-regulated the expression level of
E-cadherin,and down-regulated the expression levels of N—cadherin and vimentin in the ovMMP-2 group(P=0.000). Conclusion :In
this study, the recombinant eukaryotic expression vector pEYFP-Mmp—-2 is successfully constructed by gene recombination technology,
which successfully expresses the MMP-2-YFP fusion protein. It finds that MMP-2 mediates the migration,invasion,and epithelial—
mesenchymal transition of hepatocellular carcinoma SMMC-7721 cells by regulating calpain.

[Key words ]hepatocellular carcinoma;matrix metalloproteinase—2 ; migration ; invasion ; epithelial-mesenchymal transition

JH- 2 95 (hepatocellular carcinoma, HCC) /2
B UL AE NI FET R AL R 2Bk 1, HCC 1
ABEICT Y B R A0 M 5 A% Rt T
RSN RS R HCC IR TG, b 11 MH
4k (endothelial to mesenchymal transition, EMT) /& LLL bR SMMC-7721 BPA ARG 1 Rk B b i 2
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MMP-2 ik | W8 MMP-2 XJ iR iU i 7% 1778
J EMT [0, X AR ML TR, S HCC
I RIGI T $E AL HEIE R,
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F 26 [ HyClone 23 A 5 514965 BN 457 Hy b e 1300 7 5 P
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1.2.2  FHL Mmp-2 HBFEHA HRPE GenBank H1 A Mmp-2
A FE R 751 (NM_004530) Fil pEYFP-N1 H.% ik Ak n £
e AT A XS ), LB 1Y) 5 SR A Xho T )
L, TS 14 57 3@ A EcoR T BRI A, BIWIFS TR,
Mmp=2 1"3#:5"~TTCTCGAGACCATGCAATACCTGAACACC
TTCTATGGC-3" (FRIZ N Xho 1 BRIIEFIIN & HIBEAL N
R4 F 50 ) s Mmp =2 T ¥ :5° ~AAGAATTCCGCAGCCTAG -
CCAGTCGGATTT-3" (FRIZ N EcoR T PRI EGEI A7 55, Hi
PR AR, $RBUA SMMC-7721 % RNA, 45 RT-PCR
AN TEVES— 4585 cDNA, LA cDNA AR, LA R R P
B 519, PCR 738 Mmp -2 JEIR F B, 28 1% iR Tk AG:
I, FH DNA [l &k H i A B

123 FRWT-A b MR Mmp-2 HHEFE, Y
pMDI18-T #84K 4 Ci%$% 24 h, 554> T e e ny 75 3 E.coli
DH 50 I 1 A0 T & &N 1 % 2 W Luria—Bertani [& {415 35 5L
A A9 E A B VE R V& AE Luria—Bertani MR 7R 5 (& &F)
o 37 CHRGY 1S, MILFORIS H EcoR 1 F1 Xho 1 XUEGY)
LUK o PR A s U AR DR AR A R v 5 Bl TG DU B
WA,y 9 ER R 44 R pMD18—-Mmp-2,,

124 Mg 2 B ERA A I DNA [T & 3
pMD18-Mmp—2 WEEYI ) Mmp -2 FE[H Fr Bt 5 EcoR 1
Xho | BTG M2k 34 pEYFP-N1 4 °Ci%#% 24 h, J5¥E4k
ik E.coli DH5a JEZZSANME , 1% T & Kana ) Luria—Bertani
WG AR 37 Cia i diss, PRI AR AE % Kana
1) Luria—Bertani IAIG =54 S8 BH L B % o F IOk M4
A G ARTOR, FH EcoR T 1 Xho T BEEIJS B 3iRGI , H-30)
SERVETFH, A IER 16 44 8 pEYFP-Mmp-2.,

1.2.5 pEYFP-Mmp-2 Brkife et FbsMEvERL G
YR 2 x 10° AL, AT 24 FLARTFE) 50%~70% % 20 il
HEA TR YL FEYRT 2 b3 24 FLIHTEE TG LS DMEM , i
2~ 1.5 mL B0, — &A1 pL Lipo2000 5 25 pL DMEM
BEIRBIRIRAT B —% A 500 ng pEYFP-Mmp—2/pEYFP-
N1 5 25 pL DMEM #5325 1R 5], EFHE S min, 15 L
2 AEOE AR, EIRFE 20 min, LR T RFLS
JIA 50 wl, 48225555 6 h Je i & 10% FBS #iEE DMEM
Rtk

1.2.6  MMP-2 siRNA F QiR MMP-2 (13515 K40
e 2x10° /AL AT 24 FLAFER B 50%~709% 8] X 4 EA 7
Wbt e J UL i 2 b 24 FLA% BIUH &5 G 1L T DMEM, B
siRNA(0.5 OD), BB JE M 62.5 WL DEPC AbHUK B A
TAERW, B2 4 1.5 mL #0458, —& A 1 pL Lipo6000
525 uL DMEM 5528051050 75— IMA 1 pL siRNA 5
25 pL DMEM 55551, FiREFE 5 min, IBA) FRAPIAS
BB IR, SR E 20 min, LA P ELAINA
50 wL, 4R2ERE3R 6 h Gl & 10% FBS AU fE DMEM 1537
5,

127 S804 25 F XA ZH (Control) ; IE % SMMC-7721
SR AN s MMP-2 TR XS BEZH (siCON) ; MMP-2 siRNA §5 7%
St HEZR A s MMP-2 TTER4H (siMMP-2) . MMP-2 siRNA #5451,
SRAUN ; 1 25k MMP-2 il B U6 IRZH (ovNC)  F YL pEYFP-
N1 Z5E Bk 2H AN ;3 #58 MMP-2 filiA 25 F 2H (ovMMP-2)
Yt pEYFP-Mmp-2 B0 Bk 220
1.2.8  RYRESCIK AN MT AL 68 1 W45 2 40 i 4% A AL
2 x 10° AN 24 FLAR T RRAIAEZE R & 100 %% R A
FLrJe i 10 L A TC AR S i 17" R, PBS 157k 3 1K
PP B B AAM, I 1 mL AS S5 LT 9 DMEM 5% 35 3L 4k
LEREFE AT HIAE 0,12 .24 48 h T WS T WS4 IR 245
IHARRICT . I 0 h BRI —AbAab 3, K ALERE =1+
BT IR0 h RIJRIE
129 RIE/NEILIIGTANIZERTT  WEEA MM, 7%
R 4 x 10° ALK 200 L JCIL T DMEM &k (20 5}
P Calpeptin T2k ¥ 25 25 240 i J 1 25 4 B ) | 4 T3 Sl
WL 8 um FLAR Transwell /N | 5 #/INE B Z AT
600 WL & 10%IMTE R FREER) T =, L5740, 48 h B
I 4909 22 58 RS [ A2 400 10 min, TR 2 L 41 A%
15 min, FHETYLH 5 min, 70%09 L EEFBE 2 K, R 55 E
SRR , B BENLTE 3~5 NUEF N T 200 555 F AR
SR, AR ZER,
1.2.10  Western blot &zl £ 25 (4 A28 4k 441410 48
MG BCA g EIF IR, A L 12%1 SDS-PAGE
BN RIK Y B B 1, IR B L ED & PVDF i, 37 °C 5% Milg
Wik LA 1 h, —Pt 4CHFE TR, PRI (1 x TBST, 3 ¥, 5 min/
W), 40 37 CHFE 2 h, P, e _E 3508 iRk ECL,
B R R G NIE LS . F Quantity One REE51-HT H 1)
Sl IR H 1 A M BB, ARS8 g ] GAPDH 1E2R
RS RIS, 8 AOHI Fas 1 B A A K
HESNSEANKEE ERE,
13 it o

% FH SPSS 17.0 Fll Graphpad prism6.0 3 PEBEAT 483, i
BB £ b s (2 £5) Fos , SRR FLBCR H SR
BN, IR DL ¢ 50507, #2387k «=0.05,

2.1 RIAMEA Mmp-2 & B &40 A4 &K H AR pEYFP-
Mmp-2

TR R ARSI, an il 1 7R, 7224 2 000 bp AbA5 B 2
5,5 Mmp-2 SEREE RS X BoO I—3, pMD18-Mmp—
2HMAFRH EcoR 1 Xho 1 EFUIASELIRILTFE, HA4
WS4 pEYFP-Mmp—2 T 2H ELR% 323K BRI W
S5 R B AR, g 2 46407, 1620 5 000 bp 4b Ay ik
AR pEYFP-N1 H42 % 2 000 bp 4L H B9 Mmp-2,,
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22 SR EGK ERA
H MMP-2

A Iy 1) B A A e TR B AR A B (0 D B IR A
P MR T Rt 353k MMP-2 fill & 38 1 0 BR4H Al 3238
MMP-2 il B A A0 & 8 508, il 2Ab FE 2Ad B
7o Western blot £5 58 7 | 25 XS R4 5 #2385 MMP-2 fil
A 8 U TRATUR IR AN RIS 2 11 MMP-2-YFP; TilovMMP-
AN FE3A MMP-2-YFP, 45 (1% B4 5 MMP-2 JLER%
TR IR E MMP-2 A TG4 22 57 5 MMP-2 JLER XS
JRZHAH L, MMP-2 DLBRAL PR MMP-2 32358 5 T8 (1=
34.46,P=0.000) (% 1),

& @ MMP-2-YFP Fo 4% 3 505 W R

% 1 Control.siCON #1 siMMP-2 £ MMP-2 183§ & A RiZ= i

(x+s,n=3)
215 MMP-2% [k
25 X B 1.000 = 0.000
MMP-2{T#R%F R 2L 1.037 £ 0.037
MMP-2 2R 21 0.269 +0.011°

Hra, 5 MMP-2 ULERXT BELHAH L, P=0.000

bp!

50004

3 000 SN
2000 Tl Mmp-2

1200
800
500

200

23 MMP-2 &+ SMMC-7721 2 j it # 5 H 04 %ok
NIRSCIRAE R IR, 12 h B, 5 MMP-2 UG RZHAR L
MMP-2 i 2k 41 3T 7 % 0 5 B#AIG (1=9.921, P=0.000) , L5 it &
ik MMP-2 @il & 25 O BRZAAA HE , 3 3k MMP-2 filA 85
2H T 2 ] S 485 (1=4.082, P=0.015) , 24 h I}, 5 MMP-2 ifT
RXT HAZHAH HE , MMP-2 LR AT 75 26 W 18 [ A1K (1=7.868 , P=
0.001), 553 Feik MMP-2 @l G 8 O BREFAH L , 1 RsAMMP-
2 A UL R L% (1=15.280, P=0.000) , 48 h i},
55 MMP-2 JLER IRZE A L, MMP-2 JTERZH 3T 7% 28 1 fn) FAeA1:
(1=15.610,P=0.000) , it F1k MMP-2 filt5 25 X IRAHAH EL
i F Ik MMP-2 fll5 8 A 4B R R 0 0 3 ok (1=4.082, P=
0.015) (% 2),
2.4 MMP-2 3+ SMMC-7721 %8 j13 % 4% 1 04 %ol
1RFE/NEL R R (F 4,3 3), 25 FAXTHRAL MMP-2 IiT
ST R AL AN 2658 MMP-2 Bl 8 0T BE A 40 i 1= 28 2R T i
W25, 5 MMP-2 ULBRST BEATAR b, MMP-2 UL BREH 40 e 1=
72 B FEAR (1=6.119,P=0.004) , i Fik MMP-2 fil &4
FIG HRZH AR HE | 3 6k MMP-2 filvs 2 LA AR 22 R
FHin (1=4.479,P=0.011)

bp

< pMD18-Tvector 5 000-SEESREY [ Y FP-N1
“« Mmp-2 4 000

3000

2 000 Ol Mmp-2

1000

1::M,DNA #5ic 5 1 : Mmp—2 cDNA; 2: SUEY) pMD18T-Mmp—2;3 : 3G Y) pEYFP-Mmp-2
1 N Mmp-2 BEEEHEZREHIE pEYFP-Mmp-2 IH3E

afil b: 544 pEYFP-N1 *ﬂiﬁi)ﬁ SMMC-7721 #tiifl (1 56 RT 2 6l (x100) 5
¢ Fl d: 5% pEYFP-Mmp-2 25305 SMMC=7721 4 F16Rwe 6K (x100)

A B R AL AR R IA O

v v
S &
g&ﬂ % {33\% ﬁ\ix&»
R %w%; ff@%ﬁé’
MMP-2-YFP 100 kD
MMP-2 72 kD

a

B. £ AN ANIR @A 11 MMP-2-YFP 23575 fk

{340& B
FU S
& ‘2"\\ &

C. FA NI TE MMP-2 63578 1k

2 SNEMERIEREER MMP-2-YFP LT E KR MMP-2
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EEpopEE

MMP-2 JLERXT HEZH

MMP-2 R4

Oh 12h 24 h 48 h

i #iK MMP-2
Rl 2R O IR AL

i #ik MMP-2
AR
B3 MMP-2 %t SMMC-7721 4HBaE & B8 0
K2 BEMMTBRILE (x+s5,n=3)
20 5 12 h iR 24 h iITHHR 48 h iTRE%R
25 IR IR 1.250 £0.013 1.438 £0.014 1.669 + 0.033
MMP-23T 2k 25 1.252 +0.038 1.458 +0.029 1.633 £ 0.007
MMP-2{L k20 1.018 £ 0.015° 1.255 £0.034" 1.399 + 0.025°
T Feik MMP-2 filt& 25 10 A 1.253+0.016 1.454 +0.015 1.655 £ 0.038
235 MMP-2 Bl & 4 1.329 +0.028° 1.613 £ 0.010° 1.843 +0.015°

Hra, 5 MMP-2 JUERXS BELLAH EE , P=0.000; b: 5 MMP-2 JTERXS BRZHAH HE , P=0.001 ;. H i Feik MMP-2 @it 2 AT ERALAH L, P=0.015;d: 51t

2215 MMP-2 il A28 PO BEZHAH e, P=0.000

MMP-2{7{2kH

25 XTI MMP-2T B HE 41

i F35 MMP-2 il & i Feik MMP-2 Filiéy
E xR EA4

4 MMP-2 X SMMC-7721 4HRa{2 22 8 /19540

#®3 FHEMMEBEREE (x+s5,n=3)

415 48 h (R

25 X R 1.000 + 0.000
MMP-2{ BT R 2 1.011 £0.109
MMP-2T 2k 20 0.332 £0.021*
i Fk MMP-2 fl & 28 O B AL 0.984 + 0.022

ik #3k MMP-2 Bl &4 40

1 ra, 5 MMP-2 JLER X BRZH AL HE , P=0.004 ;b - 51 3635 MMP-2 fift
BEAXRAM L, P=0.011

1.448 £0.101"

2.5 MMP-2 3+ E—cadherin ,N—cadherin & Vimentin & & %
e A

Western blot 53 7R, 7525 [ % BRZH MMP-2 TSRS iR
20 Filyd 263K MMP-2 Filt-4 25 (% IR ZH 41 ifd /P E—cadherin N—-
cadherin & Vimentin & [AFEA T B 225 5 MMP-2 I8
ARZHAH L, MMP=2 JLERZL AN E—cadherin 23508 B i (1=
5.233,P=0.006) ,N—cadherin (=16.910, P=0.000) 2 Vimentin
(1=8.912,P=0.000) F LW & F i, Sid ik MMP-2 fl & #E
FX B AR L 3 383k MMP-2 5 (4 E-cadherin
Fek W 8 N (1=6.787,P=0.003) ,N—cadherin (1=17.590, P=
0.000) % Vimentin(1=11.250,P=0.000) &k i il (% 4)
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%4 MMP-2 %} E-cadherin.N-cadherin & Vimentin EEAFREH M (x +5,n=3)

51 E—cadherin® [ %A 5 N—cadherinZk [ 415 i Vimentin [135 ik
75 X HRZH 1.000 + 0.000 1.000 + 0.000 1.000 = 0.000
MMP-29T k% IR 20 1.041 £0.054 1.030 £ 0.030 1.010 £ 0.038
MMP-27iT k20 1.635 +0.100° 0.433 +0.019* 0.412 £ 0.055*

$ ek MMP-2 filvf 285 6 AL 1.020 + 0.056 0.970 £0.012 0.984 = 0.033

i Fk MMP-2 filv & #E 140 0.552 +0.040" 2.032 +0.059" 1.921 +0.076"

ra, 55 MMP-2 JTERX BRZAH L, P=0.000; b: 5 i) F ik MMP-2 @il 28 16 BRATAH L, P=0.000

2.7 Calpeptin TAAL ¥2 /£ MMP-2 % vfid & ik MMP-2 @&

a b c d e

N—cadherin {7 _ 7_‘ -9 140 kD & 48 48 it E—cadherin \N—cadherin & Vimentin %% & & ik ¥F ¢

E-cadherin . .
e Western blot 255 5%, 7E1F 2615 MMP-2 fili 4 25 F1 4140
Vimentin - | S 57 kD Jirfr, 5 DMSO Wb HAA L, Calpeptin AL FEAE W . |94 E-
GAPDH [ —— ] 36 kD cadherin & [9#357K - (1=21.300,P=0.000) , T N-cadherin
(1=11.210,P=0.000) & Vimentin(t=10.390, P=0.000) & [1 %A

T ra, 25 PN HEZE ;b MMP=2 VTERXT BEZH ; 0. MMP-2 JLER4H 5 d - ad 3 K S)

5 MMP-2 @i f5 3 I I s e dd 3635 MMP-2 B3 21140 &
B 5 MMP-2 33 E-cadherin,N-cadherin X 8@5/

Vimentin & B &0 —
N-cadherin |i E 140 kD

2.6 Calpeptin AL 32 £ MMP-2 % vfit % 12 MMP-2 @k &% ‘
Gimin it 515 &5 A P etEA E-cadherin IE' 135 kD
et A MMP-2 Rl 2 FIZHZH T, 15 DMSO Fikh 2 — E 571

FH I, Calpeptin TilAb 3 2H 4H i 4% 22 W] i A1 (1=28.590, P= —
0.000) , 12 78 %1 1 B 541K (1=19.830, P=0.000) , GAPDH 36 kD

DMSOBUALF calpeptin A5 7 Calpeptin Hi4hIE7E MMP-2 B IiT s MMP-2 Bt & E

ZA4H R E-cadherin.N-cadherin & Vimentin & B &= HHIER
# 5 Calpeptin Fi4IEE MMP-2 #IE5T R %X MMP-2
B & T B A28 E—cadherin.N-cadherin
Vimentin ZEARIXHHIERA (x +5,n=3)

E—cadherin N-cadherin Vimentin

EEFKE  BEARKER  EARER
DMSOTjikk B 1.000 £ 0.000  1.000 +0.000  1.000 = 0.000
Caep‘i“ﬁ Calpeptin AL P 1.788 £0.053*  0.408 £0.053*  0.440 + 0.054"
T o fi 21300 11.210 10.390
P 0.000 0.000 0.000

LISy Ee

A fRERNEIIRER

DMSOTiAbHE

0h
a5 DMSO TRACFEZLAH HE , P=0.000

303 i
48 h
MMP-2 /2 MMPs R Z —, 25 T4

TR LRI S 2 W A VN 22 e A e )
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