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[ABSTRACT] Aim  To construct an adenovirus expression vector which can express hepatocyte growth factor (HGF) in
vascular smooth muscle cells (SMC) . Methods The plasmid containing HGF fragment was cleaved by restriction enzyme di-
gestion, and the resultant fragment was inserted directionally into adenoviral shuttle plasmid. The linearized recombinant adeno-
viral shuttle plasmid and adenovirus expression vector were cotransformed into Escherichia coli BJ5183 cells for homologous recom-
bination. The resultant recombinant plasmid, pAd-HGF, then was transfected into HEK293 cells with liposome for packaging.
The recombinant adenoviral shuttle plasmid and pAd-HGF were identified by enzyme digestion and sequencing. The package of
pAd-HGF in HEK293 cells was tracked by fluorescent microscope, and was observed by electronic microscope. The expression
of packaged pAd-HGF in abdominal aortic SMCs of rat was identified by RT-PCR and Westem blotting. Results HGF frag-
ment was inserted correctly into the adenoviral shuttle plasmid and adenovirus expression vector. High-titer packaged adenovirus
vector was produced and expressed in abdominal aortic SMCs of rat. Conclusions A recombinant adenovirus expression vec-
tor of HGF was constructed successfully.  This study suggested that HGF may be a potential target for the gene therapy of vascular
diseases and established a foundation for further study.
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H) Wistar X B3 3k 78 U148 8 (smooth muscle cell,
SMC) , BE#E 0 M B rgm B R T EE Eal,

1 #HRFA*E
1.1 #8

B A pUC-SR/HGF B H X A KR A ¥ E ¥ &
Toshikazu Nakamura #% 4% B B, A4 2.3 kb hHGF cD-
NAK &, % &% pUC-SRa Y BN TR %1 W 1 8 1 &
Not] 206, BARFEXRARKRA(LE R
# 4 FK pAdEasy-1., R 8 & pAdTrac-CM 1 &
Ji % % ¥ BIS183 41 j,) y % & Stratagene 2 8] £ &,
RYERBAELHFREKAE B (green fluorescent
protein, GFP) 7 5] . HEK293 %} iy T+ B At ¥ % +
BHRE, REAVE Ho ] B S @B R
TADNA £ 58 W F B K Takara 25, R4 A&
Pmel #7 Pac ] T NEB A&, DNA H BB E H YK
RAEALFERELUREAREAF S, BRE&EY
WA Y T Ivitrogen 2 &, Wistar B i1 % B E# k%
LR PR, R4 %4 K N (polymerase chain
reaction, PCR) S| /i A E £ A 5 & &, HGF —
ZHREERRXE LB TRBARAT R,
1.2 FHMEKEFERBRRESREENES

RERKFTFRRAE LW S F B4 E R pUC
SRa/HGF Hy B 4] 3 , $6 35 [R ) W B8 1 &% Not I #
fTEBY, R EELLE ERET 1% 55 58 0% B v 3k
VKER, BEEFRBEZRE NI Not | B
Y16 B 4 ¥ 1L ; pUC-SRo/HGF # IR | 1 41 8 Not | B
METUKK HCF £ E K B, #ABvERE
FREGCAREEREHEBROLES, BT TE
ZHEF, WHCFRENRATTEZBA R T, &
BEEEANRBY W], RER R Moy L
WEF BB AR HGF 2 H K &, it \ 2|4 T4DNA
HEGHEAPHTER, WEBEYBATHE
REISHRAENE BT FWBEERIGB PG %,
REBREE AR AVE Nl ey ptrga
Fiko #/2.3kb W TH B, M EHKE L HGF £
ERFEEFREK, BURS A Kpn ] 2%y
EAK L EAABENRN Y B, 844 T
MENEERF RO EAGE L, REFR, S LER
FTEEFAFHFMAEE.
1.3 HEREKEFERBREEAGKHE

EGhEARFERARBEATH BB T 3
#& BISIS3 B2 A MM, L 10%H hikik. RiER
#7 HGF 2 B BR% & FARH K, i A 214 1 ul (10 u)

REAAYVIEE Pme ] W40 L K BItAR P, E &M
fto BLBRRE,BMANESH 1 4L (10 u)B %
SRENIOLRNEERPEBRA, UEFFA
VERR, R E , B 38 uL BI5I83 B A MM .1 pL
(%1 pg) &Ml HGF £ B F FREAK .1 uL
(H0.1pg) Y RmEEZH AR, BREELER
% 40 pL, i N3] 2 mm ®H# AR P, % 200 2.2.5 kV
FUTHATREL, ¥R EEHREMAE 1 nL
FTERFEFEE 20, UREHL, RER T4
SOmg/LFAMEFHER LR ML, KEEIRRK
H,OAREAYIEE Pac ] B K 2, R P M BER B
4.5kb . KFBEA30kb &N HE EE, B HGF £ F
BrsEdd, #HCFRXABRBEELAREN &
UAXBAER TS AR, BBk, AL ER T£
BEFAPFEMNRE,
1.4 FEREKATFEERRFERAAHER

¥ 293 4 fEE 4 10% K6 4 Mo & DMEM 3 % £
WRAME,E 5%CO, AN NERERLER
70% Bt , B 25 pL (0.5 g/L) R %) A Y1 88 Pac T B8 47
LM HCF XERREELHE, M2 475 4L &
i 7 B DMEM 3 5x 2 H 8%, B o 475 ul & 1 7§ B
DMEM 3 5+ 3 % % 25 pl fE R R4 e AR, W F0 o
BREES min AAABFEHRME, 6 h EmA2
mL 4 10% M4 e DMEM % %%, T2 h 8%
¥EFHH,4C 12 ke/min B2 5 min, REK L7, WEF
ERFHHCFEARR A EENK, HERKHE
AN 3 mL £ 10% B 2 0 9% 47 DMEM 3 3% 3%, F 1 /4
JEE L, R LR B B A B A 293
HARBITRET R, | AERLEHE, LA xS
TEEBEBESRERERE,
1.5 RBE{FBNAM

B 250 g 48 M Wistar B 09 B £ 20 bk, 0 T B R E
B H R TS 10% /4 113 45 DMEM % %
AP ES5% CO, BHABERELESR, TRRAE
T 70% 1, Bl HOF 3 8% % % 411K & e B 3 5
WF AN, T 24 h G % B AT K 4%
N,48 h 5 % M A T HGF mRNA F1 5 & 4090,
1.6 FUmARKAFEARREEAGNRZ

Fl i # 5 PCR(reverse transcription PCR RT-PCR)
#0l HGF mRNA #y % % . HGF # L #%5 # % 5°-
CAA ATG TCA GCC CTG GAG TT-3’, F#35|# % 5~
ATT GAC AGT GCC CCT GTA GC-3', 4 ¥ # B %
E09626 &7 441954, k 514 bp, B B-M 30 & & # &t
BL,HEEHBI A 5 - ATC ATG TIT GAG ACC TIC
AAC A3, T #3814 % 5 -CAT CTC TIG GTC GAA



CN 43-1262/R R EFIFRIEL 75 2004 4E58 12 55 3 1 265

GTC CA-3’ 4 ¥ K & 308 bp, & A Trizol — % 3 M
W2 By SMC W ¥ 4T % RNA B2 i 8 F o0 R j 4k
AH 20 pL(5 x ¥ # T & % 7, 25 mmol MgCl, , %
10mmol & & MEHIF R, 3 2 T8, RNA B 17 4
FLERBFBHRI M, & RNA), £ 4 4 42°C 30 min
~>99C 5 min—>5C 5 min, PCR K % % 50 oyL(% &
FA38.5uL,10x TaqgDNA R A E A 5 4L, &
10 mmol BA X EZ TR 3 L, KM 1 ul, L T#3
W& 0.5uL, TagDNA KA B 2.5 )& BT XK
94°C 4 min—>7% ¥ 94C 30 s>k X 55C 30 s—>% &
72°C 1 min, 30 98 3, 72°C ¥ 10 min,4C# 1k K
Bo MO6ULPCR 4,2 1 %3 e R b ik, & %
M THERKERHMAE,

F & B B 3% (Westemn blot) 34 3 HGF Wy & &,
FkABAHLE, ABRHFRESMCHEEECER
N AR 100 pL,4°C 12 ke/min F 8 15 min
REEOHTE, B0 pgZEH, T 12% SDSEH
FBEERL A REUEOHSIMRTE LR
L. 210% BAEET#H 4T #HH 16 h, —Hi3 HGF %
RAFTETRE, W—HERR 2 h; ZH A w
BREFTHFERA LG, W HERN 1h, BEE
B, REBHHEERR,

1.7 RABHEMEHBETEMENE

FafekEF(HCRHXERFEELNKE N
REBRNMREN 293 BHE, 25 F 24 h48 h #¢
72 h FEE KA E %% (OLYMPUS, H A& )10 x 40
FERAEFET, NEAEHEANE, ARLGHETH
B OHGF £ F M % 8 4R 20 R R SMC,

BEEXHCFRAERFHEEAKRN 293 &M, T
2hkEFELEF, 1 ke/min B 5 min, PRS ¥ 3
2AH2.5% R-BERAEAR, BHETFE
#% 4 (JEM-1200EX/JEOL &, B & > R )W E KK &
SHE R

2 &R

2.1 EI%E

BRI KR T (HCF) B F R BT FREA L
A ESTRM, AT 1 529 2.3 kb WHEHF 9.22
kb BB HH , 5 BN 45 SRARSF, R HCF BRHC #
AR FHREUE, FRH| A YIRS Kpn [ SAEE I B0k A]
RHRES: — M RRE 1 X4 115.2 kb M, N
HGF EFE R A EHE; A —TRAH 2.2 kb
124 9.33 kb B &4 (B 1, Figure 1), 8 HGF £HIE
MG AR E A R R E T EFUB A HOF B

R FERBAFRFEAS, BRI N YIS Pac I
B541,0.5% BRAEVEEERE R 3K , S AP BT, 7T I 1
4.5 kb 1 425 30 kb # (A 2, Figure 2) , 58k
BERRERBBERZEAN AR BHES, &
BRI T 4 RAL AN HOF R B TR B R
HEHB,

1. EARABEKEFERRRBERRNERH MY
BENot IS Kon I BG4 1 F02% HOF RRR@EAELG;3
RERHEY) 4 5 HOF BB ERBAEAE S H Nt | BYI BT
Figure 1. recombinant of HGF adenoviral shuttle plasmid with
Not [ or Kpn ] digestion

1 2 3

30 kbp

<4—4.5 kbp

2. FAMERKEFREEMRGTBEHASZR M AL Pac
TE 1 uamedy; 203 % HoF £RBREEAK,

Figure 2. recombinant of HGF adenoviral plasmid with Pac ]
digestion

2.2 FHEREKEFREEARGEEAKNEER
LSS B A Ry i A B, AN A4 HGF (B R m
FHEAERE A 293 418 (& 3A, Figure 3A), R AR
WEMEBRRER, B BEFEHENER
203 T EERENESHTLIR, FERBEEN
A (H 3B, Figure 3B),
2.3 FHR4EKEFERNRE
36 )EH HCF XF R B EH B NS HEY
B IR EIL 1.5 % 102 cfu/L 1 3 x 107 cfu/L. i
T8 HOF 2R 3% 8 E4 AR Y SMC, F 3k
80% 1 . HGF Z:[H AR 8 | 4 AR Y M & SMC
J5 RT-PCR &5 & B : SMEE HOF 2B mRNA 7E 1M
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B SMC BBl ik, T IE % KR E 30 bk SMC Fgg g
[F]— e = B 9 M SMCHGF # A mRNA &
1A (B 4A, Figure 4A) . $REX HGF #HBR/REEH
PRy % SMC.IE# I B SMC Fns 325 55 5 1Y L
& SMC ME B &, LAHT HCF U # T E O BSR
W, FREN, STEHNOE SMC RERERENNM
& SMC ALk, HGF B R R R EH AR A m
SMCHGF & H 33X B B 45/ (& 4B, Figure 4B),

B3 FEREKETFERBRABEAKE HEK293 HAEH
e ARTSE BB TR 40045, BAESBTEHRET
Hk 8 000 £

Figure 3. The package of recombinant of HGF adenoviral plas-
mid in HEK293 cells.

HGFeDNA
514 bp
P —actin
<4< 308 bp

1 2 3 4

B4 FAMERETERRFESAKRELNE TEA
B8 L% HOF mRNA ik, HoHt | %47 4E4, 2 % HOF B2
799 9 T AL e LY SMC, 3 2% 5 366 e L % SMC; LY HGF
IR, H 1 M2 2 HGF 4059 B 2 06 41 (% 2 1 7 9 UL 24
h 5.3 S EE N A SMC 24 h I 4 0% LAY SMC,

Figure 4. Recombinant of HGF adenoviral plasmid was trans-
fected into VSMC

3 Wi
ALK EA R EERAMEEAK, 2R Y

RRERERLABRLEER RN REANSEEA
BAERE, RIVABREIHFRSTRE
EREESA HEA CMV FIFRISMNERE A BIR
REFHIN, FREBEATERS MV, P —4
PFEREMLA K LW B — P F RN R
T, #EFOCERBREFIN L. RITHA
HGF ER A Bt TSN EA, IF AR FREEA Not
I FRAGIERGIINr 2, B2 BIS183 4L Bl 5 B4 iE
ABIm R, NI R HOF R R/ EE
Ak, FREKZTHFZARAEARY, B3 RE
HAMMABBRRE RN, HIEARNRER
LR ER PR EHREREAREOREMNE
BETREWHEFE

4R A E 7 (HOF) i R MR 8
B FAB,HH « EHESA kiingle FHIR, 4 F R
B 69 kDa, 3 B4 5+ F IR E K 34 kDa, B—FHTH
BAZMEHBNRITHEKEFRENTEK .8
HREMARTE). AMRERRENATFTARE
# HGF TRV EHMERUGEEIE. X
BR(8,9]4f 18 , HGF B B — P4k R R i K
HF, APnERE$nEEE., HCF KEAM
B, EASE THRHAMEKER HCF 24k, B4
A Gb2.Gibl \PBB (5 SR K EIEM. RATH
TR T %34 HOF 3/ E A IR f% F 8k HOF &
REREEAR, A ERRERNGTEETE
B,
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