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[{BZ] B8y - B E kS & 184 b gt (hypoxia-responsive element, HRE) )32 19855 9 %It HH 25 93 7  (single-stranded
adeno-associated virus serotype 9, ssAAV9) BER /S LacZ FERIAEMG Gk X ik, KH#E i ingi i, J5ik - dar Ak At 2
e K Bk A %€ (distal middle cerebral artery occlusion, dMCAO) /NEUETY, BRI Sy 1 d Fin 5 d g k6 0 i ke ofin X v AR 4805 S A
-1 (hypoxia-inducible factor-1, HIF-1) Rk, dMCAO BT 1 h g ki S AAVI-H9LacZ 3k, W49 5 d Jg X-gal Jfuis
Do ifn X AT AR LR LacZ FE R gmih & O B- - FUbE E A (B-galactosidase, B-gal) WK, Gyt S Il B-gal FE TN AN
M, fhee K meE NN KL, SR - IMCAO BiRIdN 1 d f1 5 d 5 /bR bk RS HIF-1 KR8, B-gal EEAE AAVY-
HOLacZ TE4F /MR B i w5 AfF X ik, HFNEZUE B-gal BHER L, EIX B-gal FEH SRR ANIGRL 4Efg kR LKk, D&
B-gal 5 e AL R L RKIL, Gi8 - LIRS ssAAVY F2 5 A S5 D AE s ke afn. X2 T IR S 4l i %638 . HRE REAH W LacZ
HE PR AR e 1 X 3k
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Single-stranded adeno-associated virus serotype 9 mediated gene expression in astrocyte via

intravenous delivery
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[Abstract] Objective - To investigate the expression of LacZ gene mediated by intravenous injection of the single-stranded adeno-associated virus
serotype 9 (sSAAV9) containing hypoxia-responsive element (HRE) promoter in the cerebral ischemic area, and further identify the types of brain cells
that can be transfected by the vector. Methods - A mouse model of permanent left distal middle cerebral artery occlusion (AIMCAO) was established.
The expression of hypoxia-inducible factor-1 (HIF-1) in cerebral ischemic area was detected at 1 and 5 days after ischemia. The sSAAV vector containing
HRE-regulated LacZ gene was packaged into the capsid of AAV9 virus (AAV9-H9LacZ), and AAV9-H9LacZ was injected into mice through jugular vein
1 h after the establishment of IMCAO model. Five days after injection of AAV9-H9LacZ, X-gal staining was used to detect the expression of 3-galactosidase
(B-gal) encoded by the LacZ gene in the ischemic area and liver tissue. Immunofluorescence double staining was used to detect the expression of B-gal
in astrocyte, neurons and vascular endothelial cells. Results - The expression of HIF-1 was increased 1 and 5 days after ischemia. B-gal was mainly
expressed in ischemic penumbra of mice injected with AAV9-H9LacZ. There was no positive expression of B-gal in the liver tissue of mice. B-gal was
mainly co-expressed with glial fibrillary acidic protein as an astrocyte-specific marker, and a little of B-gal was co-expressed with neuron-specific nuclear
protein. Conclusion * After cerebral ischemia, intravenous injection of AAV9-H9LacZ can effectively mediate gene expression in astrocyte in the cerebral
ischemia area. HRE can effectively control the expression of the LacZ gene in cerebral ischemia.
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SE MRS 05 iR e A B b . Ik as 251 9 BY
AAV (AAA serotype 9, AAV9) fefR0E ok A=/ NI E
AN RK 2540 BBB i 7 {Z 5t ¥, SR 25 ik
ST AAVO AU FHE RIE IRk, T REAE HAAthAh
JE & B AR O ZR S . BRI An eT R4 H A R AR A
FROL IR LA IR R VR T St et 2 —, 4l
A HBLERSAR, (RAESK T -1 (hypoxia-inducible factor
1, HIF-1) 5K&E KM IcHE (hypoxia-responsive element,
HRE) AHEAEMH, wILLE S — Z FI i S e o AH oG A R %
iR, LD AN AR R AN N B AE KR . BRILTE B 8
FXA 9 4~#5 JUHRE AR TR AAV ZfAk refa il
H AR R e, B IX Rk,

H & H 4 AAV9 (self-complementary AAV9, scAAV9)
REfE AT 3 B R AE B A /D BUIk P AR e 26k, H4 E
i 2 [ 19 I % DNA (complementary DNA, c¢cDNA) K-
Bt KT 2.1 kb, MITCikAg i scAAV, 1, A< BF %8 i
5 AAV9 (single-stranded AAVY, ssAAV9) #y & # 14,
0 o I S5 & 9 A #% UL HRE | ssAAVO (AAV9-
H9LacZ) 7& ReA 8% il B B4 B LacZ [B- - FLbEH iy
(B-galactosidase, B-gal) #fithHk A ] 75 B AR /] Bl Jii ke i [X.
Fib, FHRFTEH T EL G I i 2 8, DAMA A v ifi 5555 11
BRI T TR ALY 5 N SR I (R

1 HHS%HE

1.1 2453

8 JEliik CD-1 ik /NEUE § 35 [ Charles River S245 %,
B 1al S5 RN 2B B E A MM R 2 IH 4 L o B sh i (e B
T ASWELR, NREEER N TR, 5% S5 K, i
e (25.0+£1.0) C,

1.2 AAV9-H9LacZ Ky Rl i 3¢

AAV9 LR B Vector Biolabs (E[E ), Hr & B-gal
I RE) 1 (pBgal) . LA Sma 1 F0 Hind T 2
Eg Ul fr Rl EATREY), (£ 2 /AU I R A P41 (inverted
terminal repeats, ITRs) 2 [d] i A LacZ cDNA Jit ¥z, It
9 A~4% UL HRE {524 53 1 P R H il LacZ 3R 23k
AAV9-HOLacZ 533 I L 3 R J = BURL 3L 4% e 3% (helper-
free AAV W38 R 55) ., 2 B FORL (H b — A 55
M VA, E2AF1E4 X, B—A-4EH AAV 1Y Rep #11 Cap
FH) F AAV9-HOLacZ ki b Y« HEK293 4ifife, o
AAV BN TR, RSB B B O A, i
it DNA BIE A58 o B B S 50
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12 FURRL, BEHL AR T AR TG M, HH
6 N, fEimim Kk irh kg€ (distal middle cerebral artery
occlusion, dMCAO) RIS 1df15d Jghbse, BN
Bt 2 2 PR BCER 13 T Western blotting,  JF-fill & A1 1)
R AT R H gt F e,

73 AN 12 HUNER, 4 #f i Sr AMCAO 2 3Y, [iE AL
45 b ek Wa 20 0 AAV9-HOLacZ 4., 4 6 H, dMCAO ##
BUGEST S 1 h gy S e S AR BRER K FN AAV9-HOLacZ ¥
T, BRI S d JRALSE, HUNEGETEE N R A ok dR D)
R AT s, BUMA LTS T 5- 8 -4-
& -3- M|WE -B- - F[ pE B (5-bromo-4-chloro-3-indolyl-f-
D-galactoside, X-gal) Yufa,

1.4 dMCAO BixIge .

1.5% S e A RER /MR . FABMEBE T, E4 W
HRAEFN B BRI ) 1 em V) B, BERZ) 2 mm’ (358 fa, H
HLEEPHLZE Kb Zh k. SR bl BUDLAE (7 H-4% & Btk
fEFARS R B RS (37.0£05) C, M
% BRI (Vasamedics 23w, ZE[E) Waill/ N 26 m
Jixi M (surface cerebral blood flow, sCBF), Zn/NER ki
Bl X 1) sCBF 81t 2811 15% NIERAM .

1.5 AAV9-H9LacZ WPk 5

AAV9-H9LacZ 1 1. /Iy i AMCAO #5 & & 57 J5 1 h,
22 S5 WCCE S 15 AR £E 200 pL B B8 £ 2% o i (phosphate
buffered saline, PBS) [J AAV9-HO9LacZ [1 x 10” GC, GC
S RLAFE DL (genome copy) T, of BEZH 22 55 bk o6 4%
BRI,

1.6 Western blotting 45l

] F BCA (bicinchoninic acid) & Ml 5 & H # .
HES % ~ 12% B B BRI AL Ok S5 #% B, $t HIF-1o 4
f& (1:500 #fi s Novus 2vw], EE) =HMH L h, PBS
Uk, BOAR o 5 1L 4 B b 12 B B i (1:2 000 F s
Amersham v &), EE) WHE. 8 HA8RAL 2L E P
A& (Amersham 24 5], 3EHE), BL, BiZ. JH Image
J1.63 35 S T B 1 45T o

1.7 Sl g

M 2080 DAt HIF-1 $ifdk (1:500 # B ; Chemicon 23
Hl, %[E) P #F 60 min, PBS k%, #mAdmEHEibn —
P, PBS Pk, 3.3~ “H BN (3,3-diaminobenzidine,
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DAB) W, JRAKSE G,

L8 Ryt

dMCAO #E RIS S d J bt /INEL, o2 2 % R
RAFAE — 80°C, SRJE BIERIKIRYI AL, b 0l 1) 22 M
FTEFIK G R, IOER Y 20 pm, S35 56k 2 €5
PSP L/ - O S A 2 T 1 (platelet
endothelial cell adhesion molecule-1, PECAM-1/CD31) #ifk
(1:50 ###E; AbD Serotec 23w, JulE) . AR 4T k1%
% [ (glial fibrillary acidic protein, GFAP) $ifk (1:500
i B¢ Sigma-Aldrich 2y &, £ H ), & & EA

(neuron-specific nuclear protein, NeuN) Hifk (1:500 %,

Chemicon 23 7], FEE) F1B-gal Pk (1:500 #iFg; Abcam
A, EEH), BEAE -PEERFEE 9Omin, £ T

Alexa 594 Hit /N 1gG i1 Alexa 488 i % 1gG  (1:500 5 BE;

Invitrogen 24 5], FEE) | iFHE 60 min J5, HE 4,6- K
Fe 2- ZEHngE (47,6-diamidino-2-phenylindole, DAPI) [
B9 Je i KB 7 (vectashield) &, LA PBS fOBF—$i
TEFAME XS B8, 4% [ Leica DMLS £ ¢ Wi i B2 R 22 %
Aok U AR AR B S L X B 2 A @ (AR B, & 2 ik &
frAHIE], JH Tmage J 1.63 Zfh-xt B-gal FHEAAMEE 2547

Control
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1.9 X-gal Yutn

i FHFF AL ZH 2% 20 pm JE5EER B, T 0.5% %
7€ 10 min Ji57, 7 X-gal {&{K (5 mmol/L ZkEULHF, 5 mmol/
LEEEMAH, 2mmolL FfLEE. 0.01% BLENHAR L, 1 mg/
mL X-gal) HilE 2h, BEECEENK, Eh, W, &
G B-gal PHPELX, Bl @Mkl X, & & Hra R
A B-gal BHEEX mBR 5 st i X i BRA 7 20 Lo

110 Seit¥ sk

K JH SPSS 17.0 it - AT L2 M, TE
UL x+s Fon, ARILLECRH (4855, LA P<0.05 %755
BHIUEE L,

2.1 Jiwii X HIF-1 (#)3&3k

T N AU Y s LB, dMCAO ST 1d
F15d Jg HIF-1 76 i fik ifi X BHPE 65k (& 1A), Western
blotting £5 S WL 1B, Jeykb Pk i 1d #15 d Ji, /MR
i s kb JEy s HIF-1 28 ik KA FARAL B B &, %

SESIFEE Y (P=0.049, P=0.007),
A Comrol 54 14 B

S - = —
Actin “
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Note: A. Immunohistochemistry staining showed that HIF-1 were expressed in cerebral ischemia area 1 and 5 d after ischemia (lange, x 50; small at bottom right, x 400).
B. Western blotting was used to detect the expression of HIF-1 in cerebral ischemic area 1 and 5 d after ischemia. Control—sham operation group. “ P=0.049, © P=0.007,

compared with control; © P=0.042, compared with 5 d.

1 HIF-1 ZEfa kM K B 3RiA

Fig 1 Expression of HIF-1 in the ischemic area

2.2 ki X p-gal i)k

£ AMCAO K% 557 1 h 5, % AAV9-H9LacZ % i
FEA NN, IMCAO #RIEENTJE2E S H, ALSE/h
B, BURZH I ) F . AAVO-HOLacZ 2 Friwt W20 vl 1L
e K i 3l Je DXkt B e ik, RN IE LR, X-gal
Yufa £k B OR AAVI-HOLacZ 411 i il 1fi. X J&) B8l (e il
gA)LY B-gal BHPESRIR, EBRILX Al
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AL /b R B-gal ik, (R H A OISR IL B-gal Zik, M
oxf HEZE 76 o e i [X J& Bl FF0H At DX S8 AR AR F) B-gal ik
(E2A), ERoHrEE R ILE 2B, 2 41 B-gal BHIEX (5 fixifik
i DT AR 1 4 LU 22 A et 22 L (P=0.000) . 71
ZHIESTY AAVO-HOLacZ figidid BBB #EANGES, Jf4:
SELER XA H ik
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Note: A. Expression of B-gal in the ischemic area. The black arrow indicated the infarct area of the brain. The blue color showed B-gal positive area. B. Comparison of B-gal

positive area between AAV9-H9LacZ group and control group. © P=0.000, compared with control.

2 X-gal &4 p-gal e X §FRiE

Fig 2 Expression of B-gal in the ischemic area detected by X-gal staining

2.3 Mk lX B-gal FHYEZEIL AL SR
GO E R R, MR 5 d 5K B-gal BN
R A7 £ 1 Mo ke o, X J] Bl B-gal PHPE 2 it 32 €308 R TR I
IR A AR LA GFAP, /b5y B-gal BHE A0 A #H £ T
prabdy NeuN, JL-F- L B-gal PR 240 M 2e ik b 52 240 M b

D31 fi-gal

E4 CD31 (15 3A), BEHLILE 2 AHLEF (1 3B), &
47 Ht B-gal/GFAP 3t 2 ik, B-gal/NeuN 3t 3% 3k Ll & B-gal/
CD31 HLFRRI NS, %Il B-gal/GFAP LRI AR S
% (P=0.000), W[ 3C,
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Note: A. Immunofluorescence staining of brain tissue. B. Two areas randomly selected for statistical analysis. C. Comparison of p-gal/CD31, B-gal/NeuN and p-gal/GFAP

positive cells. © P=0.000, compared with B-gal/GFAP.
3 fEERINX B-gal PRI FRIZHIAEZEEY

Fig 3 Types of B-gal positive cells in the cerebral ischemic area
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Fig 4 Expression of B-gal in the liver tissue (X-gal staining)
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