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WE BT RUE Rk 0 FERAS 10 5 45 H.

PR 5 JE IR SR (98 L 1 (GFP) FFJIIE%J@;’#]’"‘FFFEWE#;" (AAV) Hifk.
b B R R R
FLBCHE DR 11 44 FH 0 Sk 1 P [
WAL R O e
p21 P ik T vy,

G418 Jiff 12k R A HE A7 AT S UERE R (1) 400 M A
i, SR e RE N, A0 A U,
ik, LA DNA EPEEUESE ATR Al p21 1.

5 SCAE . 252 it RT-PCR AESE TR K 283k FR A%,

BAED KuEY fERY O BEX KgE?

AR LA A B2 BE 43 1 BE A Rl

3 R T A s SCHRE i g

T&RY

db 5t 100037;

HEDH R R SR s g %, Jk st 100052)

ZAR (ATR) B/ p21 H0 AHE
- 3 8 4 28 M1 0 4 A 3 4 9 BHK-21 40 1,
KUK R 4% I A0 L 19 B 52 3] 1 A [) e
DL & €8, Ot HH BT 0 9 5 3 15 4 3
IFHERE T RS2 48 (TR) JER
ATR Fl p21 (AP) AERAFE] T L4

40 M 3 R 24 o,

i DU AT W] BRI AT ) A R ol 5 ) T AL 00 Al 95 0 T rHSV-re/ AU 12 43 5 i % AT AS (W) A P51 1) BHK 411 1 B,

WR AL AAV (rAAV) W5, JFER i VEN e i RE (BEAE T B 0D T 5 07 g URE )

rAAV/ AP

ATR 55 p21 (95 45 B0 202 50 1,02 % 10"/ ml A1 1. 08 x 107/ ml, HIEPK rAAV/ATR 545 4 6. 54 x 10/ ml,

rAAV/P21 K 1.06x 103/ ml, Jyilk

LA N S92 B S0E T R AL

SCBRIA S SURE ML G2 AL IR, p21 JEDR, MR AECE B AR, MR, R

FRa%ES QU82

M PR R A R 2 RN S 5L R, 3
— RV TT A DO BT R AR H . B E X
I IANBTR I, R & A LN Y 22 2 RN 33k
SR AR AL B 1 A S R A0 R o 2 B RN IA 1Y
Bk g, LU P fE B 9% 3 (adeno- associated
virus, AAV) A &R ) X3k R g 2 p AR WL 4R 6.
A AE N H e SCE I 52 48 (antisense thrombin
receptor, ATR) HEPE HEAT 44 &1 4 i 27 5 56 1) 3L il
EU S HTEI AAV Ak pSNAV, SRS AT
ATR A4 8 309 G 8 35 7 p21 BBUE R (AP)
FCRH N AL AT 804, SULR BRI XU A I R A 1) 5
W, B2 i AN DAL (R e RS R RIAL KK, Ol TS 7k
BRI — &BN&AE.

1 MEFHE
1.1 ##

Jit KL pcDNA3/ATR . pCA13/p21. pSV-B
galactosidase LacZ 1 B KK DH-Sa Ay B ARC L5 90 1=

e 73 7 B o b0 b BkfR A7, JBTRE pSNAV .

pcDNA2. 1/ GFP Fl BHK-21 (4 s b UV JIfs 5 41 Jfa)
A0 PR el e U B 2 b B R S T S IR P &
Peflt. R A VIR SOE R H Promega AT, ¥

Juilf Lipofectamine & GIBCO Al /™ fih, M ¥
PREFFRACIA A &0 58 R 8 23 /) 7 il
1.2 A%

FORLHEY) . MK L [RDRC . SR Fefe . 4l
TRk RS IOCHR [2] #EAT
1.2.1 LN AAV 84K pSNAV/ATR . pSNAV/
p21 Al pSNAV/GFP [1Jfg . #BAKTRL pSNAV 75
MBS F AL o, FeMisn2 2 B AAV 1 e b
AUy F A F74 (inverted terminal repeat, ITR). H
Kpn1 A1 EcoR 1 XE V1T KL pcDNA3/ATR, [k
599 bp 1] ATR J BE IR 4@ N B4k pSNAV (1 £ 50 [
PEsi, FIR pSNAV/ATR. H Sal 1 1 Bgl 11 XL
PIg A& pSNAV [ 2 % BE AL &, JF L Sal 1T A
BamH 1 PIFF pCA13/p21. A 1 999 bp [ v21 Jv
B, o BE A pSNAV #Ak, #4% pSNAV/ p2l.
M EcoR1 Hl Sal 1 XEEVIZEA pSNAV, EcoR1T Hl
Xho 1 XY JFORL peDNA2. 1/ GFP, [A[1i 700 bp (1)

T U WOETH (96906 0207), [HE FAEEL
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i & Ak DA 4 (5 92 O 8 B ( green fluoresencent
protein, GFP) J B, W 5CfE 3 pSNAV #ik, #
% pSNAV/GFP. {F pSNAV/p21 1 pSNAV/GFP
kg, SAEH— X R 2R (Bgl 1A BamH 1,
Sal 1 M1 Xho 1), HETHIG, 4 ML IH K.
1.2.2 BUIE AAV B4R pSNAV/AP [ EE: 26
FHEE D) . #hF  FRERE M 7, 2Bk pCA13/p21
FH EcoR T A 5. %A 5547 T p21 (113 55 HE Sb,
HAE pCA13/ p21E™ . fE4K5 p21E” #1F I 4 A 25 B
LacZ 315 % (1) pSV-Bgalactosidase LacZ JFL 15 42
th, B R A 4L pSV-p21E” . ] EcoR 1 Al
Bgl 11 MY iR pSV-p21E~, [H1 i SV40 i 8) 1
(£90.4 kb) F11.6kb [ p21E~ F B, W ripE$ LA
[fi] B XU V) 38k pSNAV/ATR o, H Bl 485 4
ATR F1 p21 BiA~H A FE A i FIE Bk pSNAV/ AP.
1.2.3  ZifafEgs: 5 5% G455 1) RPMT 1 640
K598 BHK-21 400, DAR QR RIANTH], SE9050 4
GFP 41 . ATR 41 . p21 41 . AP 4LRIAR B Je (¥ I 7
XHEAL. 25 ORI D) %858 oG, 28 Lipofectamine
T RGN BHK-21 40, 4% 4D B il A &
P EEST. LL 800 mg/ L G418 fifiik, 7~ 15d )&
vobE . ARAIBANLEE 6 DNYLEF, 10 x BB F
e S pSNAV/GFP ) BHK-21 41} 7F
157 N 3 AR SR & 8 S R WS A STl 3
R CERARIE, BURSAMMETRE, 1, K49
P AR AMIE L) rAAV FT95 3 8 A0 K.
1.2.4 DNA EIiE: 43 5 4 HU % 40 40 o & R 41
DNA. REH41 . GFP 4 ATR 4, £ BamH 1
ML) LA TR SN BREF 448, REE QA . GFP 41
Fp21 41, 28 Sal 1 A1 BamH 1T AEEY)LL p21 KL
WEREF 2422, A H] BamH 1 F1 EcoR 1 XUEFL) AP
WAL, ZEY) e A BRI a B
Y. 13%8]—40.6 kb ) ATR Jy BUFAI—4> 2.2 kb
T p2l B b AV 3% —4 0.6 kb
B ATR FrBORAL tH BamH 1 A7 2B I8 1% 1 BE
ATR LR A7 p21 ZEH11) 2.8 kb B (M
TR REAE LU SO ) 3l N g4, O 435 3L s A
B, AWIAEA R G —ME R, BEEED UG
HHE (ATR-p21) B BEGNIERLGL. XA A
1535 LA TR A p21 BIAMRE A4S, A S I
SCHR [ 2].
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1.2.5 J@ht RT-PCR %@ A AE R A ik: 2 HL
KEEY . ATR 41 . p21 41R1 AP 41 40 Y 1) i
RNA, L GAPDH N Z, #E45 RT-PCR. %55
SRR G UL R AE. TR JE L5149 5-
CCC GAATTC TGG TGG CCG CCT GCT TCA G-
3: FUF5I¥: 5-CCC GGA TCC ATG TCT TGA
CCT TCA TTT TCA GG-3. p21 LiisI4: 5-
CAA AGC TTA TGT CAG AAC CGG CTG GGG
AT-3; Fi#f514: 5-ATG GAT CCG TCG ACT
TAG GGCTTC CTCTTG GGG AA-3. GAPDH k&
W54 5-GTG AAG GTC GGT GTC AAC
G3: Fifgl¥: 5-GGT GAA GAC GCC AGT
AGA CTG3. ¥ 3§ v BL K B 40 5l 5 436 bp.
512 bp#1 300 bp. X #5414 5% 47 L5 AH N ) GAPDH
FLVK & AT 4, DA 38 LU AR M i R DR ik
(FAH X .
1.2.6 4 AAV 5N E: Harfg 4t
AAV R 52 RN 40, & Ty g 1) 5 41 AR 4 92 o 1
tHSV-re/ AU12 ( recombinant herpes simplex virus) 47
IR A AL rAAV R 352578 BHK 41 i
B, = AEd 4] AAV (recombinant AAV, rAAV) i
B AR, R, &S5 4F, PEG/NaCl
DLuE, S0 R =L, s Wk 4E . Aifk
rAAV Pl 4 5 349 1 A AR SE IR 1 41 AAV
T3 rtAAV/ATR . rAAV /P21 . rAAV /AP il rAAV/
GFP.

K H R A T i £ rAAV BN . HX
1 ug pSNAV/AP 1 1 ug pSNAV/ATR Jiihi fz 1 vl
rAAV/AP F1 1 Bl rAAV/ATR JR#EEH, 10 10 HE 4L
fELEmRE, 2FHL 2 nl AU, [FIREHCE A p21 2R 1Y
JEOREFE 35 W T 5 — 9k B, 235 L ATR Fl p21
JEI ) PCR P9 4 BREF, Ml iy o b ad Al i % A2
( A2 PP B e W 15 kAT . AR JFORLIK 20 1
Tkt . RO B G — AN I T,
MR B MR A B, TH ST R B TR SR BT 5
3 2 BURE B B g s 41,

2 4 B

2.1 EBEFE AAV HIKEHE
LR AAV 3048 pSNAV/ATR . pSNAV/ p21
F pSNAV/GFP [k g un 1 1 R,



2002; 29 (4) M FESE B ER

1
Hid |l
LacZ

Ao
ColEL on

FEeR |+ Xbo |

OMV
I Fgm |
An, — lhunH |

AlR

pelNAG - XTR
E«R [

fr. 1 kb
flori
polvd
SV4D
Mook
ExR T +Rpm |

EedR 1+ Kpm |

Sol | +Bg I

Prog. Biochem. Biophys. + 599 -

Sul 1+ BanH |

7
ITR (WMV

Fig. 1 Construction strategy of pSNAV/ ATR, pSNAV/p21 and pSNAV/ GFP single gene AAV expression vectors

2.2 WEE AAV #Hi{k pSNAV/ AP #9432

# p21 D 7 B B pSNAV/ATR 1, ffifE—
ANEARI 2 E AT i P 5 AT B AN SN IR, AR A
KNP, HAWA L RIE S,
—A AR, A A8, R TR LD
LU L mRNA JE LI, T/ poly A I2fE 7,
pSNAV B AR HE 4L poly A #5144 K p21 FIF Fl
(F2).
2.3 RBERIKINEERE A EL

KR ANMWE G418 Tiiik 7~ 14 d 5, 4
BET, e GG NS — e B, R B # 2R
POPESL R Al M Py ik, pSNAV/ GFP #3457 d
BT o L e B (Pl 3a), JFAT K AESE UG

(Kl 4), BEHRE I 138Kk pSNAV/AP 1
SERELY 2 R TR A, BCH D, A AR AR AR N,
MBUBUREIE 22, AL 0 < 58, AR R, ok
ZAEAN (P 3d). pSNAV /ATR Fil pSNAV / p21 %%
B TE R 1) 5 8 H R eb . A0 i B A AN R P (R T A
Ak, HIETRBR (1 3b FIE 3c). H41TE 6
ANPUEF A E I e B 2 90 R pSNAV / GFP 41 53
+4, pSNAV/ATR 41 35%5, pSNAV/p2l 4] 28 5,
pSNAV /AP 41 19£3. £ Wi . XL A 3 4
JE AN IR 5Z 31 1 AN [R)RE B (R4, 5 B T ok
WS, AR A R RSO, HURE R A B K
THIER. BURS Al v b, §R, LA Ah
YSEIEIRI ) AAV RIS 25 23044 41 k.
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Fig. 3 The effects on cell clone formation of single or double gene

(a) pSNAV/GFP group: (b) pSNAV/ATR group: (c) pSNAV/p2l group: (d) pSNAV/AP group.
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Fig. 4 Expression of GFP in BHK cell line transfected with
pSNAV/ GFP ( x 400)

1 2 3 4
(a)
Endogenous TR
kb
2.64 — - 2 8kb

1.60 —
1.20 —
0.67 — o «0.8kb
0.51 — «~0.6kb
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2.4 DNA EDZE3EIE

FECLEEIMEESZ K (TR) JE KA BRER 1 2828
(Kl 5a), ATULATR 4147 — 0.8 kb 2458407,
ATR JE[X0. 6 kb, poly A J7Et 0.2 kb. 7ELL p21 4k
A EREF 22 H (] 5b), p21 44— 2.2 kb 2%
A, o p21 3L 2.0 kb, poly A HEX 0.2 kb.
AP SUIER UL LL BamH T B V)57 4 BE & ATR
JEDR S A5 p21 JEM 1 2.8 kb )7 B, #OH TR A p21
VREF Y BIEAT 2428 J5, U1 2. 8 kb 4b 753 BH 1k 4%
S LRGP ATR JE W JEZE EcoR T Al
BamH1 XEEVIEM T, BRTE 2.8 kb &, & AE
0.6 kbAb 73 v Br. AR IS AN ¢ 4 AH 7] 6 47 £ 75
YNG4, AMAUESE T RS R gl h, B iE
SET ATR R p21 BRI AT [ B 4 5 O\ BHK 41 g 3
I IE 38, S AT WY TR 5 p21 2%

1 2 3 4
(b) Endegeneous p21
kb
2.64 — —2.8kb
e +2.2kb
1.60 —
1.20 —
0.67 —
0.51 —

Fig. 5 Southern blot analysis to show integrations of ATR and p21 genes in BHK cells genomic DNA

(a) integration of ATR gene. 7: untransfected group; 2: GFP group: 3: ATR group; 4: AP group. (b) integration of p21 gene.

I': untransfected group: 2: GFP group: 3: p2l group: 4: AP group. Size markers (kb) are in the left.

AZAE, {H GFP 244 AR 59, LI DA i A4 it
AHE R4l e GFP AL JCAT AR S RE DA A A8 77
2.5 SMNEEETE BHK-21 AR EE5RIE
RT-PCR &5 R UNE 6 Proas. p21 HLIERZ] . AP
UKL DR 2 RN A B Y A 2534 1 2 512 bp 1) p21 97
By, SAKEAR P ILE R 2.7 . 2.49 Al
0.9, p21 7EFAE PR AR b 1 ik v T 0 A UKL A
Ak, CLUTR LM G794 R wos: ATR
AL R 2 . AP R R 41 RN oK e e 41 34 v] WL 24
436 bp TR JE R 3847, A BE 414 73 M i LEAB
0.83. 1.1 F11.49, & rnx ¥ TR EEK A A0
Ja L RILPAR. 76 AP SUIER Q4 g, BEWT
i p21 (Bl 62) XalgHih TR 280 (14 6-5)

gatr, WIISULNEAAECRBSAAE, HAE
TIRIL.

bp
500 — — target gene
300— — GAPDH

Fig. 6 Identification of the expression of ATR and p21 by
RT-PCR

M: 100 bp DNA ladders; [1: p2l group; 2: AP group; 3:

untransfected group; 4: ATR group: 5: AP group; 6: untransfected

group. Top bands: expression of p21 genein I, 2, 3:

ATR genein 4, 5, 6.

expression of
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2.6 REBEMNE

SR PTIRAF I RE, 43I BL TR A p21 S [K]
NREAT RS, AR WE 7. b5, WIEN
rAAV/AP 1 ATR 5 p21 (9% & % 1% 2 5 4
1.02x 10"/ ml. 1.08 x 10"/ ml, % JE K rAAV/
ATR (B34 H 6.54 x 10"/ ml, rAAV/p21 K 1.06
x 10"/ ml.

(a) 1 2 3 4 S
pSNAV/ATR ¢ o o
SNAVAP ) @& e e
rAAV/ATR .

AAV/AP e -

PSNAV/p21 . ® O »
PSNAV/AP i" N

rAAV/p21 o ~n

rAAV/AP ® o ey

Fig. 7 The titre of rAAV by dot blot detection
(a) ATR probe: (b) p2l probe. The dilution of plasmids and rAAVs
Il 20 10100 3: 1:100; 4: 101 000;
5: 1010 000.

showed respectively: 1:

3 it it

8 LT A — P 5 P e 4 ) R 2B S U AH S 1 il
TEPEY R, LA I T VLA A,
ILTNHE i e o B 52 kA 3. SRk, I A i
Jo, KR 1 ek ot g B L% AR (1 2k 1 1 v,
K1 0 00 i 16 il 52 R BE DA 1) e, oL B g o i 1) 1
fik, AN —ANAT Ry A W F B 1T,
DR L BELVT P T UL A0 B AR 34 5, FRATIIA R 3 . I 41
o R IR & RN T, I p21 2 4 i S0 )

TR, N O EERGE, AP LAl
Hf 5 0 R AR T TR R X

mRNA Fl p21 FE[A D H G EE A,
BARHEAT T WIE R R .

AAV Hfk B A7 ] LUK G 5S40 HE 40 24 40 i,
A BEYAA R, AR RIESMNEIER, LB
PR G g AR A A, AL BN B AR I PR fop 4K T
AU {H AAV S5 1 DNA s &N, B

HEIRLLAAV H
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ITR AR J53E B IE AR T 4.7 kb, fR4E 10
e R AR R BB, FEA R A e AR I
DRI Fy SR 2 A A0 Bl = J50RE 3L [7) 1 I 4% 9 1 3= 40 o
Jii, TREHIEBhR fE IR G 2, AR e A rAAV,
H%ﬁﬁ&ﬁm ﬁmkiw%TAﬁvﬁ%mw
F, AR H R P 5 s A SR AT R SR B
:LTF?H Rl 29 5 rTHSV-ref AU 12 [ H B, T{R
FATX AAV (25 B EH], R4 4l vT e =X
PRt AAV 5L £ 5E BT 06 75 (1) rep A cap JE A,
A5 B AR (8 B T TR R 4l B A A
—. AHFFT LG SNIEIE R 1K) rAAV R
AR MRR, B —Drek, HEY AN
JEIRF) T H T E BRI A H R ) s R IA
B5E T LR ARHESOE R TR R [ $
ANFIA 447 poly A FIHE AL, AL AT L8 45 15 4
FEFFF, 1%y p21 BRI FRIAE T S AgHE (1) 52 4, H
AL cDNA 21K, M AGESE 4.7 kb BTG
FEL PN 58 OO DR FR R e AHAE B AT ) AAV #8411
TERWESE, E¥AEFPAS IRV T o 78 70 R 3% 3L
Pt

BANLROE )Y & Z LR IR IA R AR, &N
T AW [R] A B AN ] (R 3697 RS, $E v Bk K]
(K% Je . AWFIE R IR - 1F i 5 5K,
W AME] TR RIEFG 0 p21 KL 7%, BAIIE
) A [ £ FEEAT 240400 o1 80 40 oL 44 B ) 1.

EIY 325 % A8 UE BH XS PR AT 4% () B 5 N 3 4 3
BHK 4 sk 4lrh, JF4EFE T & S 1F SO AH %
k720 RT-PCR SN AHUEH] TR Al p21 P4
FER L B « — K — @ [ mRNA RIEKF,
HRA TN ILERIE, ek B s R
HHRUHE DRI 40 i 494 B e 8 6 00 o 4 DO T Bk A
M XUHE PR AT 08 e AS [ 18 A BT 7= A 1 1) 4
H, A PR A 0T IR B 2 A W 2 N K i — 2D
E LT JUL A0 LR 4 py S 56 v 36 i

& % 3

Uooak b, R T a AL R SUREINLEE 52 AR LA Y 2k 0 A
ASMC KU, s 2 5 4y TAE 9254, 1999, 15
(3): 484~ 487

Zhang (), Meng X M., Ding ] F. Chin J Bioche Mol Biol, 1999,
15 (3): 484~ 487

M ), JRHLAT EF, SRR T . &AM, iR
SrrvbEscgRRE. dbat: BlEFMAREE, 1996, 16~ 491
Sambrook J, Fritsch E F, Coulson A R. Molecular Cloning: A
Laboratory Manual, 2nd. New York:
Laboratory Press, 1989, 16~ 69

30 MR, SN, fRATE. HAT AAV kA hiEm A

(3]
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Construction and Package of Antisense Thrombin Receptor and p21
Co expression Adeno associated Virus Vector’

MENG XiarMin"™ | WU Xiao-Bing®, MI LrGuo”, WU Zhr Jian?,

ZHAO Xir Wen", LIU DongQing", DING Jimr Feng"
(" Cardiovascular Institute and Fuwai H aspital, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100037, China:
I State Key Laboratory for Molecular Virology and Genetic Engineering, Institute of Virology,

Chinese Academy of Preventive Medicine, Beijing 100052, China)

Abstract In order to study the co-expression effect of antisense thrombin receptor (ATR) and p2l genes on
preventing restenosis, an adeno- associated virus (AAV) vector carrying the two genes with different promoters
was constructed. Simultaneously, rAAV vectors containing ATR or/and p2l gene were constructed
respectively. BHK-21 cell lines carried different plasmids were established by lipofectamine transfection and
G418 selection. During the process of cell clones selected, double gene showed stronger inhibition to cell
proliferation than single gene. The speed of clones formation decreased meanw hile the morphological alteration of
cells occurred. Southern blot confirmed that expression vectors containing ATR or/and p21 gene had been
steadily integrated into BHK-21 cells. The antisense position of TR gene has been maintained. Semrt quantitative
RT-PCR showed that the expression of TR decreased and the expression of p2l increased. Co-expression of
double gene was obtained. rAAV virions were packaged through recombinant herpes simplex virus (tHSV-r¢/
AU 12) infecting BHK-21 cell lines carried various vectors. The titre of rAAV ( particles/ ml) determined by dot
blot analysis. The particles of ATR and p21 in rAAV/AP double gene vector were 1. 02 x 10" particles/ ml and
1.08x 10" particles/ ml respectively. The particles of single gene rfAAV /ATR or rAAV /p2l were 6.54 x 10
particles/ ml or 1. 06 x 10" particles/ ml.

Key words antisense thrombin receptor gene, p2l gene, adeno- associated virus vector, virus titre, restenosis
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