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[ ZE] B8 WERENMHEEE RRIERSE, FUHA T HSV-tk/GCV H A FE Z 5o %98 41 (4 7R 40 3 15 1
Mo Fik: BT EHBEARD A anti-TIR ScFv-GALA fill A 5 R IKFUAK ScFv-GALA-pET28a X% AFP Jii 3l F .GALA F¢ 51
AFFI( GALArec ) i HSV-tk ELA% 3 35 2K pEBAF/tk-GAlLdrec, IPTG i35, Il FH 2 KA 5 N F/E A5 pEBAF/ik-
GAlArec B R R 2RIk TR A A 41 bk HepG2 ,SMMC7721 K A549, WIF Rt/ . MTT B4 GOV X &A1Y
AGTEH . B8R WEFYIYE .SDS-PAGE HLIK KN ¥ /0 HIRE W anti-TIR ScFv-GALA g4 (A M #4H pEBAF/tk-GAlArec E A%
FRFORA R . AN SEER P, A0 AFP( 845 ng/ml ) [ HepG2/tk AUAXT GCV ARBURR, HAMHI RS GCV ¥ IE K AE
FHE ] 2 IE AR C 5 AR 23 AFP( 2 ng/ml ) SMMC7721/tk 4HJEX) GCV IR EEARURE s AN 53 AFP (1) AS49/tk 4RI TR, 45
W BRI L ZURE R HSV-Ik/GCV HTIR RGN , I B AR RO o o

[ KR ] HSV-tk B B A2 GAL4; ZENFNE
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The Construction and Biological Effects of Double Targeting Tissue-Specific
HSV-tk/GCV Anti-Tumor System in vitro

WANG Qian' ,CAO Li-min® , ZHOU Hua-rong' , ZHU Hui-fen' , ZHANG Yue! ,SHAO Jin-fang' , YANG Jing'!,
SHEN Guan-xin’( 1. Department of Immunology , Tongji Medical College of Huazhong University of Science and
Technology , Wuhan 430030, China; 2. Clinical Lab,Wuxi No. 3 Hospital , Wuxi 214400, China )

[ Abstract ] Objective: To construct the potent targeting gene delivery and expression system, and to investigate the
special killing effect of HSV-tk/GCV system on human liver cancer cells in vitro mediated by it. Methods: The anti-TfR
ScFv-GAIA fusion protein expression vector ScFv-GAIA-pET28a and the eukaryocyte expression plasmid pEBAF/tk-
GAlArec were constructed by recombinant DNA technology. After the induction by IPTG, we got the anti-TfR ScFv-GAL4
fusion protein as delivery vector to transfect pEBAF/tk-GAlArec into the human liver cancer cells line HepG2 ,SMMC7721
and lung cancer cells line A549 which all over-express TfR via receptor-mediated endocytosis. The positive cell clones
were selected by hygromycin and were named HepG2/tk ,SMMC7721/tk and A549/tk respectively. Then MTT method was
used to determine the killing effect of GCV on them. Results: The constructions of the ScFv-Gal4 fusion protein and the
recombination expression plasmid pEBAF/tk-GAl4rec were confirmed by double enzyme digestion, SDS-PAGE and se-
quencing. In the experiment of cytotoxicity effect, the HepG2/tk cells that over-secrete AFP ( 845 ng/ml ) were highly
sensitive to the toxicity of GCV, whereas the SMMC7721/tk cells that under-secrete AFP ( 2 ng/ml ) were slightly sensi-
tive to GCV, and the A549/tk cells that don t secrete AFP were not. Conclusions: The double-targeting and tissue-spe-
cific HSV-tk/GCV anti-tumor system has been constructed successfully, and it displays a good targeting to tumor cells.

[ Key words ] HSV-tk gene; TfR; GAILA; receptor-mediated endocytosis
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rh— AR E A S PR T R B RR T Bk = A 1 R
PEo ASHIFTE IR i 0 A5 DR B L o) A AR 2 S S
AT BlE M R T 1 RS 1] A 5 2 SUR: 5 P v 24
fERTZGPURE RS, 43 0 R 48 5 PEBT TR ScFv ( trans-
ferrin receptor, single chain variable fragment ) Ja] , 7 4%
iR H( a-fetal protein, AFP VA sh FR SR,
HSV-tk/GCV A ARFE N R G 57 Mk Hb Xt = R 15 AFP
JF98 A0 B AR A3 AR A 000

1 #MHR5FE

1.1 #hR

pABgald UKL H1 36 [F DU BE 2Bt Bert W. O'Malley
Tt B4 pUC19-ScFy i ki A8 28 4 B3 77 ; pEBAF/
tk TR R A BRI [ O B 5 S0 BE A0 16 B 1 - Z
pET28a 75 Bt 5 1A B 5 A 1 il i BT 7™ 5B 38 4 2
s ARG 40 bk HepG2, SMMCT7721 K N Jiti i 48 it bk
AS549 YA BALARARAT & Fh BR G E N VTG T4 3% 4%
fifi \.Taq DNA B4 W A DNA 0115357 4 ( DNA Exirac-
tion Kit )2 MBI 24w 7 ity 5 BORL/ )y 58t £ HUAHR) &0 Wiz
ard Plus Minipreps DNA Purification System ) &2 PCR =
Yy 4k 7 £ Wizard PCR Preps DNA Purification Sys-
tem )24 Promega 23 H] 72 i s RPMI-1640 355735 & DMEM
B 23N Gibeo 24 F) 7= i s GOV Vs Nl 85 2 ) Sigma
NN
1.2 B TR ScFv-GALA @il 2 IR A 8 AAp 2

A anti-TIR ScFv Fl GALA YLK FE 41, [F] i 2
R 3K 450 14 09 1) 152 HE 22, 43 o0l & L — X519, A
pUC19-ScFv JFURL Al pABgald FUkH PCR § 34455 an-
ti-TfR ScFv Fil GAL4 R Bt anti-TfR Sckv 1) PCR
518 :F | 5 -CGGCCATGGCCCACGTTCAGCTGCAG-
CAGT 3', F F 5'-GGCGGAATTCTTTT ( G ) ATTTC-
CAGCTTT( G )GTC -3'; GALA Yy PCR 51#) M :F | 5'-
GGCGGAATTCCTGAAGCTACTGTCT-3", F F 5'-GGCG-
GCGGCCGCAATTGTTACGATACAGTCAACTG-3", 4 %Il
5] A Neco I / EcoR I F1 EcoR 1/ Not 1 I S ang|
PRI AL TR ) o PCR 25445 A 96°C i ZE M 5 min,
95°C 78 M 1 min,55°C3E K 1 min,72°C ZE{H 1 min( 30 4~
PG ), I 72°C 1EH 10 min. 2% B NS0 BRI #L, 1K 43
Bro

A5 F F Neo I /EcoR T ,EcoR I /Not 1 ,Nco [/
Not [ %t anti-TfR ScFv Fl GAIA PCR j=#) M i 2 ik ik
pET28a WLEFY] , LAA 15 Lo 3% H2IE 1 il 6 ik PR 2 35 2K
A Ak BL21 4 F2 187, PR IBCRH P TR v /) i B2 OB R A 7
XU % 5E o
1.3 $i TfR ScFv-GALA @il & 2 iRk 54k

A3 IPTG 355 0,3 ,6 h (095 41 5 ks B 1 14
R E [ #E 1T SDS-PAGE MLk, - LLiET 6 h 9 &
pET28a 25 HURL (1) BL21 B AE R XF B R I anti-TfR
ScFv-GALA Filv & 8 1 7E 240 18 Hh 1 Rk o B R ATTiE 43
FIEGAT 6 h A AL TR BH A B A R s 3K R
FEL IR A 1T SDS-PAGE HLIK .

FEUE B AN AR 1) 22 DL AL R A AR I, Rt
FRULIPTG 1543 6 h 5 Y BRAA , 2 M A5 B 0 L DR 38 22 o
W PBS I BT ENE PEG ¥R 4R Kot U8 S5 b B
AW ALY anti-TIR ScFv-GAL4 F& 2 1, /E AR
I B 1B AR
1.4 HSV-tk H4 B FRIR R A i

AR SCHkHE T, GALA (9 DNA 254 B ik % 1 57
PRI 17 bp 9 SEAZ 1T 72T 51( 5'-CGGCCATACGTCT-
TCCG-3"), Mttt 2 4545 41 bp £ R HL8E, JF 51
A EcoR I } Xho I BI85, £ PCR AL 1R H 96°C Fil
A5 5 min,95°C A8 1 min,55°C & 1 min fdi H g %}
TE WA BamH 1 B U1 V) 0104 26 4% 7 R WG, IR :5-
GATCCCGGCCATACGTCTTCCGCTCGAGAGTGAATTCA

GTG-3"; 3'-GGCCGGTATGCAGAAGGCGAGCTCTCAC
TTAAGTCACCTAG-5"F ] BamH [ ARG S 46 A&
AFP Ji 8l J HSV-tk FE K ) pEBAF/tk H A% 3K it
HEL Ak DHS o B, 85 4H 204 53 31 R T T 7% PCR( 51
Y1.P | 5'-GATGGATCCCGGCCAT-3',P T 5'-GCCAG-
TAAGTCATCGG-3" ) K il J % 5 .

1.5 HEAH 6 G S PH 1 448 P i

HUE AR AW 4 100 wl 5 pEBAF/tk-GAL4rec
R 2 e R’A T 100 pl G WIR( 50 mmol/L Hepes
pH7.5,0.1 mg/ml BSA, 50 mmol/L. KCl, 5 mmol/L
MgCl, , 100 pmol/L ZnCl, ), %3 FCE 15 min, fifi [
IR AR 1R -DNA Be e A 2, O SR K
1Y) HepG2,SMMC7721 K AS549 41 A b #8410 g, 43
I 10% FCS ) DMEM & RPMI-1640 ¥ 41 i i &
%4 x 10%/ml, 28 A 12 FLEEFEM T, 440 1 ml,
37CHEFR I, Bt i s 5 AR S 15 3% 5 h BRIEIA
HFEH-DNA B9 A1 50 pl, AL ¥ R 100
wmol/ L. [ G Ml 31 k2 4 3% 48 b, He A W
200 pe/ml 155 2K SR, B 48 /NI 1 R R TR
Pase BH M 40 M 5 B T AN 5 W R B B R IR T R R
32,4y Bl 44 HepG2/tk , SMMC7721/tk , A549/1k .,

1.6  GCV 4 dEsL 5

SrE AR 3 R AN AR A 1 x 10°/ml, fiIn A 96
LRGN, AL 100 wl, BELL 8 S ASRESL AL, 435 A
L%} 0 mg/L,0. 1 mg/L,1 mg/L,10 mg/L,100 mg/
L B GCV, HH R Gev AFEC BP0 mg/L )R 3 FL43+i
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YEAR LG BRAL, DL R i ik 3 AL R
LT 3 B, BT 37°C 5% CO, M i 9%, o>
BT 24, 48, 72 h & U 1 BLEEFEH,1 000 r/min 2.0
5 min, & B, LA MTT( 5 mg/ml )10 pul, 4k£E 85
F% 4 h, BALAIA 100 wl — H AL DMSO )R 27,570
nm U OD fA, # 4 T 511 24 3 31 53 40 i A K il R
(GIR):

X HEZE OD fi - 52504l OD fi

SERAZEL OD fi x100%

GIR( % ) =

1.7 Bdlasgeit

G R mean = SD JTE X R 7R, FIFH SAS &t
3 MTERAXoF 4% S5 30 2 1% 240 B A A 0 ) 232 5 O BR 2 Y
22 5 W EE AT « KI5 HT

2 & R

2.1  #UTIR ScFv-GALA4 il & 8 A% 38 2R b

PCR ¥"3 43 513545 730 bp F1460 bp K/NAY anti-
TfR ScFv 7 Bt} GAL4 J B, F A DNA 24 £ A4 FL
DLl A 3 PR 036 A pET28a 55 %6 3k # 4k, 43 51
EcoR I /Not I ,Nco I /EcoR T ,Nco I /Not [ %f H 47
XU , DI P20 1. 0% B R ARHEE s i 9k , 43l 45 3]
#7460,730,1 200 bp K/ GAL4,ScFv J ScFv-GALA
fl 3L R B, UE B R 4 R R ), i 44 A ScFv-
GALA-pET28a( WL 1),

El1 ScFv-GALA-pET B WEG I E
Fig.1 Enzyme digestive map of ScFv-GAL4-pET
Lane 1:100 bp PCR marker; Lane 2:ScFv-GALA-
pET/Nco I + Not I ; Lane 3:ScFv-GAIL4-pET/Nco [
+EcoR | ; Lane 4:ScFv-GAIA-pET/EcoR | +Not [ ;
Lane 5:pET28a/Not |

2.2 Hi TIR ScFv-GAl4 B & E HiESEA

ScFv-GAL4-pET 5 21 7 fr (1) BA P % 4k 1 35 57 2o
7, HIPTG 55 0,3,6 h J5 43 SR 1 ml, 24 40 1
i SDS-PAGE , %1 1] I, — 2y 47 kD {45 S0 25 11 4501
SRG B AR T EART, BB S ) 2 K R
KA N, T pET28a 25 2% A 1 A UL I 26 11 4577
X FRBPL TR ScFv-GALA flE 8 I 38 A5 i
6,7 PKIE AT UL A B A DL IR A AR A
21 AT ] s R 200 5+ G B e R LR 2),

B2 i TIR ScFv-GAL4 B ERFESRIE
SDS-PAGE ¥£7E
Fig.2 SDS-PAGE analysis of anti-TfR ScFv-GAL4
fusion protein expression

Lane 1: Protein Marker; Lane 2: pET28a/BL21
Lane 3: ScFv-GAlA-pET28a /BL21,IPTG induced O h;
Lane 4: ScFv-GALA-pET28a /BL21,IPTG induced 3 h;
Lane 5: ScFv-GALA-pET28a /BL21,IPTG induced 6 h;
Lane 6: ScFv-GAlA-pET28a /BL21,IPTG induced 6 h,

periplast and cytoplasm; Lane 7: ScFv-GAL4-pET28a /BL21,
IPTG induced 6 h,inclusion body

2.3 HSV-tk 520 FLAZ R IB AN 2 5

B N T AR GALAree A BX A A BamH T B
1 A pEBAF/tk FLIZ R 3K R, 5% 1k DHS o T4, R AL Hk
TE 8 MRVELL P I P T NS EAT I T PCR P11
G 3 A ETE I R IR, WK 3 BR s ik Horh 2
SRS SREVERTE, UL P R ORI S YA T Y A
S5 GALdrec J¥ 9 AEAE , B ILIER] HSV-tk 5
HOE A% RGN BRI R T, Ay 4 W pEBAF/tk-
GAlArec,
2.4  GCV 45525

X5 Yt B M B9 HepG2/tk , SMMC7721/tk , A549/tk
A AT AT EC 0. 1 ~ 100 mg/L )GCV A4 iy
BESLEY, SR H MTT 32573 Bl i L AE 24,48 ,72 h A9 2
MU s R S5 IR, & 43 W AFP( 845 ng/ml ) [
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HepG2/tk i At A4 A= 4 32 2 W 8 A 400 4, AR 2 1 mgy/
L)GCV X H A HIRAES 3 KIKF| T 70. 5% , H A0l
RE GOV kS KAE R R EA DG % 1), K5
BT iH 22 57 HL W 0 e F 2 3 S0 Wi IR 40 I AFP( 2 ng/
ml )i SMMC7721/tk 40 HE %t GCV A K 85k, v e i
(100 mg/L)GCV YEF 3 d, HA KM R K 21.2%( %
2 ) AN AFP 1) A549/tk 41 LI XF 4 Fh v BE GOV 1y

AU BRI ), i R BZ AR R G AR
AT ) o S P
33 i

AL PR 2 A T NI A i i B 1Y) T B
AT AR BE PRIA YT B ity Hh BRI AR & Ji S IR iG 7 e
KT AE H AR 2R G T 0 5T B OO EOR
A VLo 240 0 5% 47 ke = e A AT SR A AE AT T

() — A HERTL

B3 pEBAF/tk-GAL4rec EHRHIE % PCR £ &
Fig.3 Bacterial clone PCR analysis of pEBAF/tk-GAlL4rec
Lane M: 100 bp PCR marker;

Lane 1-8: Recombinant plasmid transfected clones

F1 ARERE GCV EARRERAEIXT HepG2/tk ZHARI 4K Z( % )
Tab. 1 The growth inhibition effect of GCV on HepG2/tk( % )

Hours Control 0.1 mg/L 1 mg/L 10 mg/L 100 mg/L
24 0 10.5 +5.44 19.1+ 6.74 30.4 +6.37 37.8+7.5°
48 0 18.9 +4.5" 36.7+10.1° 63.6£11.7F 73.4+£8.6"
72 0 37.3+8.5° 70.5 £10.8" 84.2+9.27 88.1+6.1"

(ttest, AP<0.05, % P<0.01, n=4 compared with control )
K2 ARERE GCV EAFERREX SMMC7721/tk 48 H) £ KM HIZE( % )
Tab. 2 The growth inhibition effect of GCV on SMMC7721/tk( % )

Hours Control 0.1 mg/L 1 mg/L 10 mg/L 100 mg/L
24 0 4.1£2.74 4.5£2.94 5.2+3.84 8.1£3.5"
48 0 3.8 +£2.44 5.3+3.1° 8.9+4.2" 12.5+5.1°
72 0 4.6+2.2"7 8.4+3.6" 16.6 £3.7"" 21.2+4.9""

(ttest, AP>0.05, % P<0.05, * % P<0.01, n=4 compared with control )

AN Wu 2504 1 5 B b ) R A 200 e S £ e e
TR 26 1 ( ASGP )32 AR A T 1) TN 7 i 728 S B AR PN A
JH IR o) 1 DR e A% LAOKE R B 32 AR R B L e 75
FR 0 DR H b EL AR 0 118 56 DR 2 % 200 RIS o) 2 T £ 32 B 5

FRO ) HBE R PSS Y S S R R A Bt
eI 20 4 f ¥t PR By L N 3% B . IR WF 5 3R
A7) CD71, BV Ak B 1132 RO THR ) 2 5 40 i 444 7 A
Ji g 2 A S U AR G BB D i 4 , Y B 40 R 22 s
SRR A ML CGn e, MR 3L, Ih B A A o
I, IR R A ) b SRR T B, AR GRS R

TEH A 1R 2% T L TER A b 98 4 i 2% 1 R gk
BB MR PR AR gt B M £k,
PRI, TR AT RAAE Sy — i 8 Sy BEAE A 52 M4 03 7 4 TR
I RIENFR

73 G —oh R 8 o 2k DR R S P o ) SR et sl 2 )
FHEAL VKRS 3 S R 4% ST A s 8 39 58 1 25
KA SN R ey S PR AR AR P B 3Rk . BE XA [R]
FR R, T LA 3 5 A [] ) 4 8 S 1 i 3 13k 2]
X ZE TR (A R IR A YL 810 it o A g
JIT PV o T P 9 19 AP i3 2l 48 Ay i 4 S
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Je BT A AT X Bl A T A 2R S SRR YT
ARHFSELIHT TR B ScFv g $8 1i 24K, # # ScFv-
GALA BB 14, FIFH GALA 19 DNA 456 RE 1, 4 &
HA S HSV-tk & AFP J3 31 7 19 £ 38 1K, B i
ScFv-GAL4A-DNA -5 il Z kA A E L 51 =
th PR eIk AR HE A MR AN, HAE 5.1 Kb RK/MW
AFP a4 T B 45 N B9 L2 00 2 0 1 R S M
FEAMEA VR . 45 5 WoR, 40 3 if 24 5 38 TR
A7 AFP (3% 35 A7 7E W 8 19 22 55 19 N JFF 98 400 B Ak
HepG2 .SMMC7721 A Jifi i 44 L A% A549 Xt HSV-tk/
GCV ZGE ARt R B B 225 RFA
S BT R FH AR BUHE ] A5 5 W 358 LA A% G2 1) B 7
T L T ) 1, DA A L i e 3 PR B RS A T

—ZRHTIR AR
[ & % 3 Wk ]
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