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[ E] 8 WS MMPO 55Kk A MMP-2 PEX A BLfl& 2 B B4 R ET-M9-PEX ) , 38 i FE [R3A Y7 SR Mg 7.
FRFRN 2 A ) SRS, LS T U4 PR T B0 P9 2 SE BRI O A R0A YT . 7 ok BT PCR LN F 21 S5 R, M 2
& M9-PEX @il 25 AR R 3k 14, 28 1293 4tk 38 J5 15 2044 UL J1 () ET-MO-PEX =41 9% # . ] Western blotting
F G DA I Y A J5 PEX A 23R A1 08 , i 2 A= < il 28 WA LR P9 2 Al endothelial cell, EC)E:3% LX) EC
HETH A S, FI) A IR SR B PR B2 B chicken chorioallantoic membrane, CAM )SZIR I HLXT 1145 & A FAP ARG A K m s, 46
e : ET-MO-PEX HRER Y B ANMLS A PEX (2K H50 MW PRSI R W], ET-MO-PEX Y411 (0 5 9% 135 REA ) EC 3
5. PR SZERIESE , ET-M9-PEX /&Y )5 14 PG 4I4EF T CAM, 5 E-T M LL, XM B AN # N 57.57%( P <0.01 ), %f—%%
LA HM 29 33.52% ( P <0.01 )31 E-T Al PBS 4127 [l B AN — L0 M AS B T B2 5. 46 %, MIEHY ET-M9-PEX &
ZH B 7 RE T EC ANARIEEE , 30 CAM FhRISR A R M % L ET-MO-PEX 7 28l A g 3 R A 57 A 55 254 -
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Construction of a recombinant adenovirus containing MMP-9 signal peptide
and PEX domain of human MMP-2 and study of its activity

JI Su-juan, ZHANG Zhi-gian ( School of Oncology, Peking University; Beijing Institute for Cancer Research,
Beijing 100036, China )

[ Abstract ] Objective: To construct a recombinant adenovirus ( abbreviated as ET-M9-PEX ) containing MMP-9 signal
peptide and noncatalytic carboxyl-terminal hemopexin domain of human MMP-2, and to use the constructed adenovirus as
a drug bioreactor in vivo to enhance the expression of an anti-angiogenesis factor for treatment of tumor by a gene therapy
strategy. Methods: Adenovirus vector containing M9-PEX gene was constructed by PCR and gene recombination, and was
packaged and amplified in 1293 cells to obtain ET-M9-PEX recombinant adenovirus with infective ability. The expression
and secretion of PEX in ET-M9-PEX-infected cells were detected by Western-blotting and immunofluorescent staining.
The inhibitory effect of ET-M9-PEX-conditioned medium on EC cells proliferation was detected by growth curve and its in-
hibitory effects on angiogenesis and tumor growth were determined by chicken chorioallantoic membrane ( CAM ) assay in
vivo. Results: ET-M9-PEX was successfully constructed and the expression and secretion of PEX in ET-M9-PEX-infected
cells were verified. The ET-M9-PEX conditioned medium significantly inhibited the proliferating rate of EC cells. The
tumor weights from ET-M9-PEX-infected PG cells in CAM and grade [ vessel number were reduced by 57.57%( P <0.
01 )and 33.52%( P <0.01 ), respectively, compared with E-T. However, neither the tumor weight nor the vessel number
was significantly different between E-T and PBS groups. Conclusion: ET-M9-PEX constructed in the present study shows
remarkable inhibitory effects on EC proliferation, tumor growth and angiogenesis on CAM, suggesting that ET-M9-PEX
may be a promising candidate for tumor gene therapy.
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e 4 )8 2 1 F( matrix metalloproteinase, MMPs )
2 it A B A/ B B N 1 S, R 2 5 A R
iU 83 122 2% 5 B 1 90 2 03 T B 5L
t, MMP-2 55 20 3R 118 5 R KRN L o, B, MUAHELAE
JH 2 LA K A I P B 240 3R 1 Y O B A0 3R . PEX
J& MMP-2 C A fil 418 F RS H 380, 78 MMP-2 754K 1
TR WK S i 5 R B, W 5 PEX 516 16 MMP-2 524+
Gidy o, By MHANHRIINAS % A4 . T PEX R AGHE &
BT AM AN, WA 20K 240 M 3 35 B9 PEX ik 21 40 Jifg Sh A
REAFETEYE . {55 JIRTE M PN 23 BY 2 11 5 A S
[ iz s AR v o3 B T AR O S BN T A AR 43
P2 1 BT IR A I B A AN 7 R R S KT S
T A RCRA R, PP AL 3& A 5 I 2 52
Wi A4 2R P RE 1 B D R, AR = T AR R B
MMP-9 {55 IR A BER 5 SR F W IIEE . KA
WRFEkE T MMP-9 {55 ik . A MMP-2 PEX il 53,
IR FL v I 20 Mo 2 A N o A T o B A 3
7 RO R A A RN T A B 1 3 R T AR
B AL A B S R R 4R0A, LB L R AR
DI S R ST SR R N 25 ) A ) S L 2 i P AT

1 #MB57E%
1.1 &4

J5U#% human-PEX-pet28a .m9-1GF-pcDNA3. 0 ,pAdTrack-

CMV-IFN-chicken PEX B ik 2 25 8 i E-T 33 th A %
HRARAT s E. Coli TRFRIRZ A5 DHS o \BJ5183 Hi A Z il
FRAT s M FR 1293 \EC | Cos-7 PG ¥ AR % R 475 4
Jfi 5775 RPIM 1640 .DMEM I | GIBCO/BRL, Jifi 4= 1fiL.
T PAA Laboratories GmbH Co; PCR 245 Al K 4
F Roche Co; FRfil £ A V)G A NEB; T4 DNA ligase |
Lipofectamine2000 14 H Invitrogen Co;Taq DNA polymer-
ase J ANTP g [ b5 KA Al 519 b g A T
B —P0N PEX Z s BEPUR i AR = il %, —Hih
Rhodamine Z¢JGHR IC A FEH AL 1gG . HRP F£Hi R 1gG 11
H Jackson Co;DAPI W H Sigma Co;PCR 7= [FI i 5
G A A ROERFRE LS w] RS B A H A
PN/
1.2 m9-PEX-pAdTrack-CMV F 4 it 45 # #) 32

LA human-PEX-pet28a SR R AR AR B B human-pex
JrBi(578 bp )o BG4 :5'-CTGGGATCC( BamH 1 )

CGATCTGCAAACAGGACAT-3"; N5 4 :5'-CATCTC-
GAG( Xho T ) TCAGCCTAGCCAGTC-3', m9-IGF-peD-
NA3.0 Bk Al PCR 24k ™ ¥ ¥ LA BamH 1/ Xho 1T XX
RV, i R A K A BE( m9-peDNA3. 0 )5 PCR [
YI7=4 43 5l ok A gk, 3% 3159 2] m9-PEX-peDNA3. 0,
BRI EEAL E. Coli. DHSaCaCl, B 52 2%, F Amp i 1%
BHE SC e, B m9-PEX-pcDNA3. 0 1 pAdTrack-CMV-
IFN-chickenPEX JFi ki 4 LA Hind T/ Xba T MUEFYI , Fi
[ m9-pex /N B, J5 # AR pAdTrack-CMV K F B,
alifl )5 B3 3] m9-PEX-pAdTrack-CMV, FH Kan fi i
PR sk .

1.3 Rk EIREaf 0Kk

1.3.1 BJ5183-AD-1 ¥ # & % S8 # & pAdEasy-1
FEER ELE3 4% X A A LT VR RS B R 2R ak Ak,
A Amp Bitk. EAG Amp itk F 5 A% B 200 T0kL
B Kan it . B pAdEasy-1 JEkr 1 P«K 100 ng/pl VEH, 2E
fLFAL 40 pl BJ5183 J&AZ 41 E( 2 500 V.200 Q.25
wF, Bio-Rad & X #4643 ), Amp i 3 BHE 72 B . 45 B
PETERE( BJ5183-AD-1 ) Ko 45 1 , il 4 H 5 2 A2 25 4
s

1.3.2  M9-PEX-pAdTrack-CMV 5 pAdFEasy-1 & [ J&
F4 B Pme | ALY M9-PEX-pAdTrack-CMV 1 pl
( 29100 ng )HL5% 40 wl BJ5183-AD-1 %32 25( Hi %% 444
[ 1.3.1), /] Kan §ifi & 5e B, $2HUH ET-M9-PEX i 2H
JFkE 5 S Hind 1/ Xba 1 WUEEYI AN Pac 1 B 1) %
FE o R R BH M R B AL DHS o, K28 47 3 45 BTk
DL

1.3.3 ET-M9-PEX = 41 J& /i & J b 9 & % .4 3 4
oA BN B Pac 1 BV ET-M9-PEX JUkLA% Yy
B 80% ~90% A 1293 4fig ( HAK 5 W Lipo-
fectamine 2000 BiPH 47 ). HUL)5 6 ~7 d, 4l CPE
( cytopathic effects )3 4 i 52 5 V4R il 114 28 e v Je
—JH 75 em® fE1% 24 h .80% ~90% FlA 1 1293 4D .
24 ~36 h JE4IHE 5 CPE F B, o 40 i Z4 1 J5 P Ik e
575 em® 40, RRAG IR . AR 40 25 0 J5 F JC T
PBS 2B ML TTVE , HH R D UTHE T - 70°C R fr. £
YA AN LT I /b PBS I B R k24 i, 13
CsCl 3% JE B 8 B vk ali AL o Bl ARG 743 L i
B 10710 7110 7010 R BERAS 100l 43 )
4824 h. 80% ~90% fil &Y 1293 4L ,37°CH55E2 h
W oE AR R AREERE IR 22 h, TUOL BT F T4k
GFP ARic i 4 . 36 BUA A~ LB T &k (4 e 4 5 oy
20 ~ 100 FYFEFRIL, THER BRI FEC )85 16 x ), A4
T JREERE( pfu/ml ) = GFP FAPEZAR % x 5535 L 1L
122 /C AR EERAR A x AR R EE > I FH R A B80T 52
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M ERE) o
1.4 ET-M9-PEX A F 48 % pex 3 B & H & ik %552
1.4.1 PCR %% W4ifbyis; ET-M9-PEX 1 E-T X}
HE4% 10 wl, ] PCR I K 37°CIHAL 2 h, ,65C K
G G K 10 min 547 B25 T4, 430 B 1l
SRR, 1.2 RARRI S 54T PCR.
1.4.2 SDS-PAGE ## Western blotting 5 &  ET-M9-
PEX Al E-T 454 MOI = 10 F1 PBS 43| AL B Cos-7 41 Jif
2 h, EATC LT B IR R Ak S 17 5% 24 ~ 48 h, WAL 40 g
A E3E . MM LL RIPA 2468, 55 37 13 FH 2 15 IS Tk 4
10 5 A0 BG4 B 10wl bBE . vk 45 I 2 85 S R
39K 5% F112% ,10 mA fH LIk 4k 2 75 V 16 £ F%
i, PVDF B —¥$1 anti-pex Z240( 1:2 000 Fi Bk )= iR
B F 2 h, HRP FRic iy =H0( 1:40 000 i ) =i E
1 h, fJ5 ECL Plus 58 & 5 W 5 min, B E A,
B ER.
1.4.3 gERALEE  HH ET-M9-PEX Fl E-T J&
YL EC 4] 24 ~ 48 h. 2% W E/PBS W % iR & 3
min,0. 5% Triton X-100/PBS ¥ ¥k, 41 M 55 A 5 — ¥t
(1:60 Fi B )37°CHFF 1 h, YE4 )5 F Rhodamine Fric (1)
FEhii 1gG —Hi( 1:300 F B )37CHEE 1 h, ] DAPY
0.9% NaCl( 1:2 000 i B ) Z i J4A% 2 min,60% H i/
PBS $f F, 5t Wi gk
1.5 hektem
1.5.1 Mm% N EaH(EC)EK # % ET-M9-PEX FI
E-T £4% MOI = 10 J&Y% EC 40 2 h, W sg 5,
U237 48 ~72 h ARG IR LI, #EFD EC 4000 1 x
10°/FLF 24 FLM, 52565 4 41 k4T, B 45 20 20 B 1% 55
24 h JE o B E e AR R AL (1:2 ] 1110 T B9 ET-
MO-PEX E5F#%E 1: 286 B0 B-T Ki 33k, 4Kt
B3 L, ESEE S d, BUS s It £
1.5.2 %45 E % B CAM) M # g L '™ 5z
B3 3 41, 4l 8 RS, & 4L W PG i 535
TFHEFAT 24 h ] PBS.MOI = 10 Y ET-M9-PEX .ET 4t
B, WCZHKE 10 d R B 4 ) A X A v < 2 A A
T 00075 = 5 AL FF 7, R Bk ol s 78 A W 51, s
M AN TR % H T B R 5% 35, O 00 1 5
- 37°CH: SR 24 b, B HASE TG AR 2 x 10° 4>
PG #iL, 3FPAM  37°CH55E 7 d, 55 8 RIFHITHEhiE
JEA—G AR A 4 O A T
1.6 %itZazm

Bl R SPSS10. 0 48 itk 4 i A7 ¢ ka5 43 A
P<0.05ShNESHRENEEL,P<0.01 NESFHEE
e -0

2 & R

2.1 3MRksEnE

M9-PEX-pcDNA3. 0. M9-PEX-pAdTrack-CMV . ET-
M9-PEX 43548 Hind L/ Xbal XL ¥4 72 4 — 2% 670 bp
R B 5 M9-PEX R Bt FISH R/NHATF ), UEB] M9-PEX
PR TR (K 1), ET-M9-PEX £
Pac TEEVIC B 2 )574: 30 kb Fi1 4.5 kb B &< H B, UESE[A]
JEE KT, M9-PEX-peDNA3.0 LA T7 #1 Sp6 J33h 7N
g9k B T8 /Y, BN i BORL & MMP9 {5 5
JEFN human-pex PIA™ B, P81 — 350, LA HE SR IE A .

bp M 1 2 3

1 3 MRAER)EE
Fig.1 Enzyme digestive map of three plasmids
M:ADNA /Hind Il Marker; 1: M9-PEX-pcDNA3. 0
( Hindll/Xba 1 ); 2: M9-PEX-pAdTrack-CMV
( Hindll/Xba 1 ); 3: ET-M9-PEX( Hindl/Xba 1 )

bp M 1

2 EARRERMA Pac 1 BYIETE
Fig.2 Identification of ET-M9-PEX digested with Pac 1
M:ADNA /Hindlll Marker; 1: ET-M9-PEX( Pac | )
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2.2 JmaEiEENE

ET-M9-PEX i 4 9.3 x 10° pfu/ml, E-T i% & &
7.4 x10° pfu/ml,
2.3 ET-M9-PEX A H L pex LB & L Kk %%
2.3.1 PCR £ & Dlw a5 2H DNA S BAR | hu-
man-pex #5545 31 ¥ AT PCR, ET-M9-PEX F 4 4 j*
WL T 564 bp ML, 5 pex K/NFEIB(H 578 bp AT E-
T P 845 BA A= &3 ),

bp M 1 2

2313
? 426
433
% 39272
3859
564—

B3 PCR X% ET-M9-PEX E[E A S pex EFE
Fig.3 Identification of pex gene in ET-M9-PEX by PCR
M:ADNA /Hind Il marker; 1: ET-M9-PEX amplified with

human-pex primer; 2:E-T amplified with human-pex primer

2.3.2 Western blotting & ET-M9-PEX & %t Cos-7 41
HE o PEX & Bt k3 ET-M9-PEX B Y1 Cos-7 2

ZURW . iR LI A — 2% 25 000 RS 4548, T

E-T B4 & PBS Ab BRI Cos-7 4 i 440 Wi F % 3% 1%
WITRIEE (144, 1] ET-M9-PEX & 1 20 i vp A
PEX & [ 1R 4T RK/ANS BB EAFF ), MMP9 15
SHKEEA RLD1 T PEX 430 81 4).

M, (x10%) 1 2 3 4 5 & 7
49.5 .-

37.4— — T .

26.0— D -

20.5—

14.9— R . — -

B 4 Western blotting #ill] ET-M9-PEX
BE/E Cos-7 HHH PEX BIRIZM S i
Fig.4 Expression and secretion of PEX in Cos-7 cells
infected with ET-M9-PEX detected by Western blotting
1: Purified human-pex protein; 2,3,4: Cell lysates of Cos-7
infected by ET-M9-PEX, E-T and PBS, respectively;
5,6,7: Supernatant of Cos-7 infected by ET-M9-PEX,
E-T and PBS, respectively

2.3.3 & LA N ET-M9-PEX & % EC 4 j
PEX % & By & 3£ DAPI Qe #% 2 5 (4, GFP 2 4t A,
Rhodamine Fric B —Hr 240, K 5 Al WL ET-M9-
PEX 5 E-T &4 )5 EC 41iE34H GFP &ik (HHA ET-
M9-PEX JBL ) EC 21l 2R3k F1 40 PEX &1, 7E LT
T2 B 2L SRR, 2 MAR - R R AR A (I
AT

B5 fEREEN ET-M9-PEX BE/5 EC A PEX FIRIA( x400 )
Fig.5 Expression of PEX in ET-M9-PEX-infected EC cells by immunofluorescent staining{ x 400 )
A,B,C: EC cells infected by ET-M9-PEX; D,E,F: EC cell infected by E-T
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2.4 ET-M9-PEX & ¥ ¥e.fm it % A #) PEX & @ % EC
2m J0L 3% 78 64 % )

M 6 #9 EC 4 K ih£k T L& 2, 78 1: 241 1R
AR5 K0T, ET-M9-PEX 4] EC 4= K 3 & 55 4 KIF
I B FRT E-T $IEZH( P <0.05 ), 15555 RiZERH
R FEME(P <0.01 ), YA BT SL 5 41 55 57 2 A PEX
HAREARANE] EC 378 . 1: 25 BER LI A X EC 1
B B A FHER 12 10 AR BEASEER 2 IH {2, BB PEX X
EC 1G5 00 40 ] V5 P Bl 2, 10 9 B2 (9 14 I m 1 i

600 ) )
—o— Complete medium &
;‘ 500 t /
—_ —&—ET-M9-PEX(1:2
% 400 | (1:2) 9
% 300 —4— ET-M9-PEX(1:10)
S 200 —a—E-T(1:2)
T 100
o o
0 | &

1 2 3 4 5 6
Time (d)

B 6 ET-M9-PEX Bif#EZifnsRi% PEX £H
St EC £ A1 58 B9 52 0
Fig.6 Effect of PEX produced by ET-M9-PEX

infected cells on EC proliferation

2.5 ET-M9-PEX & 3 M5 3§ 78 F0 f % & K@
HH 2 1 AT WL, ET-M9-PEX 4 ) J88 8 1 IfiL 45 444
FZKT PBS ZH A1 E-T 4H( P <0.01 ), i PBS 20l E-T
HZE PR EMMER TR EEZES. XKH ET-
MO-PEX A7 B Sk 410 i ek g A= 4 il 45 % AR 93 L ot
PR FH T ol B 1 AR AR A B i BEPEAE TS 1 .

®1 CAM ZEMEENESNMEL

Tab.1 Tumor weight and vessels in CAM assay( x =5 )

Groups Tumor weight( g ) Vessel number
PBS(n=6) 0.036 +£0.012 49.00 +5.05
E-T(n=8) 0.031 +0.007 57.12 £12.28

ET-M9-PEX(n=7)  0.013+£0.002**  34.25+9.38""

"* P<0.01 vs PBS or E-T group

303 #

I A8 A TR T 2 A% 2 T e R vk R R 1) EE 4
P, 0L A, 2 9 A4 16 95 Vi A % T T i R 4 A
il T2 B ST I 2 A AR 1 A k2B T ) e
A KPP Lorenzo 48 AR IE S 41k PEX 2K 1 fETR

ERFA 1 04 2 A AR S5 % 1) e R A R G L T e
o X —HEEAE PEX B HABALAE HI T i 8 P e 41 i
FIBTIMAE 259 Qi aE 30 2R N B AR ) H A B i i 411
JATE T MENIRNER 1 HSRBEMR G B, PEX IR AT
FEJRE . PEX H5SMERL KT MMP-2 F1 o, B4 BISE A T A
P E A B S HALECAR B 25 AR5 mIAE .
W R R E , RS 4 PEX PA: it 52 J8: PEX & 4%
KHIVE R A ) 24

9 B AR AT B T LB NP1 L 5 AR AT = T
B R JBRRROR S AT A AR ] Rk
PEANGERE R AESE PR YT SR A T IZ N . RS
WESE MMP9 {55 KB A s i Uine . Bk, 4
WFFEREE T % MO-PEX fil & 2R 1 1) 3 21 i 2 4044
5 A 2o S 5 14 A0 (0 52 A A AR DRy 238 43 W 0
PEX, 7 L f8 F R N 25 A ) SO 2%, SE AR E FE A
P & &L Br

ET-M9-PEX ZH#%5% I3 7] W] i 10| EC Y478, &
W] PEX BEFESEAH M N R IAF 3 W6, 4 M 73 i 1Y) PEX B
BRI AYIEYE. CAM FAE R SE 5 H ET-M9-PEX
H R E A M AE B B E T E-T4H(P <0.01),h
ET-M9-PEX Jij J T 8 35 K N & 4t 1 SE 5 4K 48 . ET-
MO-PEX 1R & & A msk Gl FE(E Sk, T 5 S HAh =
o3 DRI 3 5 2 19 240 L A0 5 7, SRR 1 B 8
ELUA R RIS M, B8 FBe A A 9 TR IR AS T b
ik, ok TAMERE AT KR E L2 S

Mz, ABFTEST R ET-MO-PEX 5 4 I i A
HH S B I R A RV RN , Ay ke i R VA T AR N 2
WYy RN R N7 B T SRR, T i B A
FI2525%) , TR 2 AR s B0 1T YT, X L6251
e AR I FH FERE T8 (3 4%, B T R 9 g FH i 55
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