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WE: R =B BE RS I 5 Ye b 7= R G0 ) 4 T USRIk o8 TR B g oM 4% 2B B R 7 (Kallistatin) i 9 B
FANRAH TR (PAAV2/9)HI 2 BT AR AH I 8 (rAAV2/2). rAAV B4R Y s s o H 4l i 5 R il Western
Blotting ¥ 8 rAAV2/9 Fl rAAV2/2 452 F B K/ 5qPCR J5 ¥ rAAV BT . i rAAV2/9-Kal-
listatin Fl rAAV2/2-Kallistatin 43 5] 8% 5 A # Bk 045 9 K2 40 s (HUVEC) J5 . RT-PCR i1 ELISA 3 43 5l k&
M Kallistatin () mRNA F12E (4 R kK F. 45 R LW . alifb (00 9% & 4l 5 3 98% LU I rAAVI b A L
rAAV2 ). B HUVEC J5, rAAV2/9 4+ 5 Kallistatin 76 mRNA F1% [ £k K EHE L rAAV2/2 5.
KEWR: 9 BITEAMAE KT Kallistating RIKR0E; A # DKL P 52 401

FESES: R969.4 XEktRERG: A

LRI (8 L 15 1 280U JE AT 2 IR 97 19 B S o B 4 IR AH 5% 9 75 (recombinant adeno-associated
virus, tAAV) ZA A (R P SRR 800 R 2Rk A B L e PR L JC S0 A BOR P | 3 15 75 R AR O WD
KA A= 7 45 1 22 AR 5 (B0 TS DA YT SR 5 B 1 A B A Y rAAV B
PR 7 1 7 85 R B A 52 4 T LAk B I R VAT 9 2SR B AT rAAV B &8Iz B T I R IR 9T L OF
WA THE R AP R0 CEBOR B AAV IMTE R A 13 B R [F IS B rAAV B S
SUME P L A G B L I LA AR 9 B AAV ST AE & BAY ELAT v 4 SRR 1 T I 5 R AAV.
WEFE R B9 B AANV X0 B4 31 2 0 WLJZ B A TR 1 5 S 8008 PRI tAAVI > 1AAVE >
rAAVT=>rAAV2=rAAVS [d i rAAVO 0] LLTEVR N R 45 25, 1 B 4 1545 o 1) i PR 3R ik K OF-. 3 fee
rAAV2/9 0] LUTEIG R 1A 5 35 P 25 4 5 4 0 e s i1 3R 3. Kallistatin Sy 22 SR 8 1 B 40 1500 . o]
A7 S5 A0 S T e BT LA A L AR TE 5 A 2 T A 5 i B FG A T A 0 0 o T R A AR SCAE I
it o ) 5 H AT A I PR AT TS 1 r AAVZ/9-Kallistatin I x5 HAR S IR HCR BEAT T W18 BT 52
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1.1 RIEHH
NS5 AR AR 40 i 293 CHEK293) 5 A JBF i ik N B2 41 e HUVEC (ATCC) ; 25 H K g #F
DH5a 2 A 52 56 % fR AT
JiAH 56 75 22 38 TR p AM-Kallistatin, 4355 B) SURL pH22 ., pH29 I pFd6 Sy 48 S50 & {17
SN 5 i R IR A B EE 2R B (qPCROINE rAAV SR EE T B 519 K
WPRE-U: 5'-TGGCGTGGTGTGCACTGT-3'; WPRE-L: 5-GTTCCGCCGTGGCAATAG-3'.
RT-PCR 3 [N % 5191 h
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Kallistatin-U; 5'-AACCATATGGATGGTGAGAGTTGCAGTAA-3';

Kallistatin-L: 5'-CACAATTCTGGTTTCGTGGGGTCGACGACCTTG-3;

18 RNA-U: 5 -CTTAGCTGAGTGTCCCGCG-3";18S RNA-L: 5 -GGCTGAACGCCACTT-
GTCC -3'.
1.2 FERKA

B i) 5 N DD . DNase 1, MBI 23w 5 25 1 # K, Promega 23 w5 8 A2 2F 1L \DMEM ¥: 332 B Al IMEM
K23, Gibeo 28 A AR Yl & . 38 5 KA A s AAV —41, Abnova 24 7l ; Real-Time SYBR {5 £, Ki%
TN ) s FOR R ERR & . Qiagen 24 A 5 A Kallistatin-ELISA X5 £ . R&D 2 #].
1.3 R KERN

pAM-kallistatin, H22, H29 1 pFd6 Jiu ki 4% 1k i ik 32 25 KW FF i DHS o, ] 45 5 s . (] Qia-
gen JHUA R HE 5 IO 4 e BE U T 5 K o P IO B R
1.4 rAAV B RS

ERLHET 24 h A HEK293 40 27 ILrb s 76 G4 A 1~3 h 4 il IMEM 55 35 BR800 Bt | A 25 o
KL B BURL S 2.5 mol « L1 CaCly, ¥R AT s FH A S5 5 2 X HeBS 78 37 18 23 R M i i m 21 55 77 1L
AR IE A B CO, K gefirh 8537 16 h J5 R G 3R il & 45 102 FBS 1) DMEM, 4k 228537 60~72 h
JE WA . 2R A RS . A BRI (500 pkat « L71),37 CWER 1 h J5 850 25 5 20 I A% A, 16 8
PEGS8000-CsCl A J& B .0 4l fb g 7112
1.5 %Rtk Western blotting ;%5F1 qPCR ;54 E rAAV

o B TR - B TN M T M B B R UK (SDS-PAGE) 43 B8 4tk 5 19 9% 55 . SR )5 45 9 AR L 1
Western blotting ¥ %3¢ . qPCR {2955 75 1% & « 7 95 32 M A DNase TF 25 CiHAL 1 h. i A S5 K1
BB K EW.37 CIHAL 1 h. By-S 45 -5 B 2l Ak s 58 DNAL B ER vk C BE R TTUE. i 8 DNA J] &
B K RS T U AL IS 1 oPCR YEIE rAAV I PR 20 3 B
1.6 mRNA FTikKFERNE

1X10° 4~ HUVEC 455 35 T 24 LA P, 24 h J5 43 B 4i b )5 19 rAAV2/9 - Kallitatin
rAAV2/2-Kallistatin g% 2 g , 8% 52 $ (MOT, BJVSP 38 4 A 48 ff Js e 3 7 1 R LA B (V. GUO) Sl 1X
10" V. G« cell ' 85375 24 A1 72 h YA IR 4R AN M A RNA L RT-PCR 5 35 Jig e Uk %5 5 . il 18S
RNA fE B & .
1.7 BEAREKFEHNUE

5X10° &~ HUVEC 4 g 85 32 F 96 FLAR P, 24 h 54 3 A 41k )5 19 rAAV2/9-Kallistatin I
rAAV2/2 -Kallistatin BG40l , MOI=1X 10" V. G. = cell ', J&YL 54> 9I4E 24 F1 72 h i} ELISA &
) £ K6 I 40 B B FR P Kallistatin (955 H R iA &

2 #ZR5iTR

2.1 rAAVHIAEFMBELE

YL Y E rAAV A EE I EE R R 1 R, R L R AiAR S ) rAAV AR IR E] 9890 L L.
Western Blotting il %8 2 Ffr il 15 B IR AH SR BE 280 i /. an & 2 Bz, i 2 AT . rAAV2/2 5%
E M VP1,VP2,VP3 K/NS Z HiRIE R 87,72 F1 62 ku K/h—3. H# rAAV2/9 5 rAAV2/2 K 55E
BEAK/NEIR rAAV2/9 AN EE H L rAAV2/2 ISR E R, ZHT B AR RV . rAAVI 105 75 4h ot
WK F 8 5 FARifE 81,66 Hl 60 ku'*'. R A Real-time qPCR 351 5E rAAV W%, BT A 4ifk )5 i
rAAV SERIZH T BE (LLRE R » mL 2o 'L B VUG« mL DY 1X107 V.G, » mL ',
2.2 rAAV2/9 4} & Kallistatin Z£ HUVEC #1 ) mRNA %Kik 7k F

RT-PCR &l g5 5, an & 3 Ars. B IR 3 Al A1 rAAV2/9-Kallistatin #1 rAAV2/2-Kallistatin 43 5|
J&Ye HUVEC J5 24 h RPA[ %3k Kallistatin, H & B 3858 72 h 555 mRNA £k KFH 8 &+ 24 h
I 26 2k K F. T H7E HUVEC H,rAAV2/9-Kallistatin 76 24 1 72 h i} 36 3% Kallistatin f9 7K %8 1L
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rAAV2/2-Kallistatin /5.
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B 1 rAAV g4 B 2 rAAV IR FEE A RN
Fig. 1 Purity of rAAV Fig. 2 Molecular weight of rAAV

2.3 rAAV2/9 4+ & Kallistatin 7£ HUVEC I E B Rik Kk F

Kallistatin f4RAERE 5 9 A TR Kallistatin, A5 AR M2 N . v=2 559. 82— 27. 912, J& YL J5 24 h,
rAAV2/9 HIA 43 Kallistatin /£ HUVEC 33k, W& 4 Fros. & 4 7R &G )5 72 h, Kallistatin
F 1k K p(Kallistatin) B 8 e 24 h i 55 35 #] (322, 56 +2. 7) ng » mL ' ;1fif rAAV2/2 4% Kallistatin
(35 N (271.32+3.93) ng » mL ™', 7E 24 F1 72 h i} .rAAV2/9 4+ % Kallistatin 78 HUVEC H iy
RIZKFHEE R T rAAV2/2.

rAAV2 rAAV9 350 ANV
r
24 h 72 h 24 h 72 h 300 | mmmrAAV2/o
I
2 250 -
Y
1284 bp = 200 &
5 150 |
:5 100
S50
18S RNA 0 — |
24
t/h
3 Kallistatin ) mRNA &3k K F & 4 Kallistatin 18 4 &3k K F
Fig. 3 mRNA levels of Kallistatin Fig.4 Protein level of Kallistatin

3 HRIF

AAVY 7 AR 5 301 35 1L 375 754 e AH G55 5. rAAV2/9 B & BETE I JE i 368 1 JUL P 4 2 v iy 3
RACR HH A 7S B rAAV m 5L B ETESEBENA T P R 2 0 tAAV2/2 BB R
BEDRAYT o 2 R PE R T 0 F g 3 R 1 I3 2R {FLLE I DR L Y v A F 5 38 D < AR 1 I 3R v 858 A AE R
HEXT AAV2 M RBEERE A G, 52 i A 5 3 1 25 W i K i s e ik L i AAVO HIUARTF 78 X FE
(o Te) R, BT DL r AAN2/9 FE JE BRIR YT 1 L FH 1 S R 5 B R,

Kallistatin 8 iiF W a] LA 50 A B AR e 0% 307 I 4 A= 1o 6T Tl g ) 7526 4 R AT 38 A0 LA e . A
SIS Z W BT R I Kallistatin A] LA &0 300 10 Bk g8 7 I 48 19 28 B AR S50 i D A gl T R) SR Gk
Kallistatin () rAAV2/9 , JH 5 75 2 1% 20 52 g B2 #R AT A i R i I 28 19 2K T HL rAAV2/9 47 Kal-
listatin 75 A B K 1055 P B2 20 0 b 23R 3005 T rAAV2/2, 5% g i — 20 18 i 96 i DR 9 7 B 0 Al

H A8 AE B8 A JE 0 fe R A T, 5o AUt 98 4 47 3008 A B0k Ak 137, 8 J5 L T RE AN B R 9T 1Y
F B A T H R LR 5 2 2% AR — 3R AR I DAAUASGE 3 — F 25 DRI 7 O 1 AR M AR A5 4 7 4.
W58 I IR 6 R C 53R Y7 7 R YT I8  OF BB T E % 40 197 2. rAAV2/9 & ZBE B A DL AE 2 Fh
AP R Rk B AR 5T 38 B HLA AT LLTE I A PN B 40 i b = a2 6 Kallistatin, 3% 4 4 5 F)
M rAAV2/9 A5 Kallistatin B4 HAth 5L 5 25 Py 08 0 647 6B 6 97 4 1L T vl g,

S & k-

[1] XU Rui-an,SUN Xue-ying, TSE Lai-yin, et al. Long-term expression of angiostatin suppresses metastatic liver canc-



%1 Flg, 4. Rk Kallistatin §9 9 B 5 20 BRAH O 75 1O 1 4 B HAR S F 38 300% 71

(2]

(3]
[4]

(6]
[7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

2.

er in mice[ J]. Hepatology,2003,37(6) :1451-1460.
R, AT W AR SF. I - IR A OO B A B BRI R A LT ], AR K 4R B AR, 2008,29(2)
172-176.
T A5 Y TR 5. B4 MR G T AR AL A= Wy A B HOR LT, A T 2% 4, 2009, 25(11) : 1608-1613.
MAGUIRE A M,SIMONELLI F,PIERCE E A, et al. Safety and efficacy of gene transfer for Leber’s congenital
amaurosis[ J]. N Engl J Med,2008,358(21) :2240-2248.
GAO Guang-ping, VANDENBERGHE L H,ALVIRA M R,et al. Clades of adeno-associated viruses are widely dis-
seminated in human tissues[J].J Virol,2004,78(12) :6381-6388.
VPSR 22 RS 1 AR, 2 TR 259 % LM, Jb ot JU T 2% i RL b mt A% BE 2 1 AL, 2008 . 26-32.
QI Yan-fei, LIU Xuan, LI Hong-wei,et al. Selective tropism of the recombinant adeno-associated virus 9 serotype for
rat cardiac tissue[ J ]. J Gene Med,2010,12(1) :22-34.
LIMBERIS M P, WILSON ] M, Adeno-associated virus serotype 9 vectors transduce murine alveolar and nasal epi-
thelia and can be readministered[ J]. Proc Natl Acad Sci USA,2006,103(44):12993-12998.
MIAO R Q,AGATA J,CHAO L,et al. Kallistatin is a new inhibitor of angiogenesis and tumor growth[]]. Blood,
2002,100(9) :3245-3252.
TSE Lai-yin, SUN Xue-ying,JIANG Hong-chi,et al. Adeno-associated virus-mediated expression of kallistatin sup-
presses local and remote hepatocellular carcinomas[J]. ] Gene Med,2008,10(5):508-517.
XU R.RAHIMI M,MA H,et al. Stability of infectious recombinant adeno-associated viral vector in gene delivery
[J]. Med Sci Monit,2005,11(9) :R305-R308.
GRIEGER ] C,CHOI V W,SAMULSKI R J,Production and characterization of adeno-associated viral vectors[ ] ].
Nat Protoc,2006,1(3) :1412-1428.
MITCHELL M,NAM H J,CARTER A, et al. Production, purification and preliminary X-ray crystallographic
studies of adeno-associated virus serotype 9[J]. Acta Crystallogr F,2009,65:715-718.
BOUTIN S,MONTEILHET V,VERON P,et al. Prevalence of serum IgG and neutralizing factors against adeno-
associated virus (AAV) types 1,2.5,6,8, and 9 in the healthy population: Implications for gene therapy using
AAV vectors[ ] ]. Hum Gene Ther,2010,21(6):704-712.
DIAO Yong, MA Jun.XIAO Wei-dong, et al. Inhibition of angiogenesis and Hg-116 xenograft tumor growth in
mice by kallistatin[ J ]. World ] of Gastroenterol,2007,13(34) :4615-4619.
JRMSL A,BTSY F,CENTER M M,et al. Global cancer statistics[ ] ]. Cancer J Clin,2011,61(2) :69-90.

Production and Expression Efficiency in Vitro of Recombinant
Adeno-Associated Virus 9 Mediating Kallistatin
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Abstract: Recombinant adeno-associated virus 9 (rAAV2/9) and recombinant adeno-associated virus 2 (rAAV2/2) had

been produced by three plasmids packaging system. rAAV2/9 and rAAV2/2 could express Kallistatin that had the activi-

ty of anti-angiogenesis. The purity of rAAV was detected by Silver stain. The molecular weight of rAAV2/9 and
rAAV2/2 were detected by Western Blotting. The titers of rAAV were detected by real-time quantitative PCR (qPCR).
After rAAV2/9- or rAAV2/2-Kallistatin infecting human umbilical vein endothelial cell (HUVEC), the expression levels

of mRNA and protein were detected by reverse transcription PCR (RT-PCR) and enzyme-linked immunosorbnent assay

(ELISA) respectively. The results indicated that the purity of rAAV was more than 98% and molecular weight of
rAAV2/9 was more than rAAV2/2's. After infecting HUVEC, the expression levels of mRNA and protein of Kallistatin
mediated by rAAV2/9 were higher than rAAV2/2's.
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