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Abstract To examine the effects of intra—ventricular pre—treatment
with a combination of recombinant Adeno—Associated Virus vectors
encoding VEGF (rAAV1-VEGF) and Ang—1 (rAAVI-Ang-1) on
early stroke in a rat model of transient Middle Cerebral Artery
Occlusion  (tIMCAO), rAAV1 -VEGF/rAAV1 -Ang -1 or rAAVI -
VEGF/rAAV1-null vector were delivered into the lateral ventricle of
each rats. After eight weeks later, the rats were subjected to tMCAO
for two hours. During the early stages of ischemic reperfusion, VEGF
and Ang-1 expression levels, Blood Brain Barrier (BBB) permeability
and cerebral microvessel density were determined and compared
statistically between groups. Cerebral infarct volume and modified
Neurological Severity Scores (NSS) were also determined to evaluate
the therapeutic efficacy of rAAV1 -VEGF/rAAV1 -Ang —1. The
results show that the intra—ventricular application of rAAV1-VEGF/
rAAV1-Ang-1, eight weeks before tMCAO, results in VEGF and
Angl overexpression, and significantly reduces Evans blue
permeability following ischemia (P<0.05). The microvessel density in
the peri—infarct zone is significantly increased in the rAAVI-VEGF/
rAAV1-Ang-1 group as compared with the rAAV1-VEGF/rAAV1-
null group(P<0.05). Cerebral infarct volume and NSS in the rAAV1-
VEGFIrAAV1-Ang-1 group are significantly decreased as compared
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with the rAAV1-VEGF/rAAV1-null group (P<0.05). It is concluded ,Ang-1  VEGF BBB
that, in cerebral ischemia, the combination of Ang-1 and VEGF ,BBB R
could be used early to promote the formation of mature neovessels BBB, ,
and protect the injured cells, without inducing the side effects on .
BBB permeability. Early intra —ventricular injection of mixed VEGF ,
rAAVI-VEGF and rAAV-Ang-1 may be a favorable therapeutic BBB , VEGF
strategy in gene therapy for stroke. Ang-1
Keywords cerebral ischemia; vascular endothelial growth factor; CAAVI-VEGF FAAV]-Ang—1
Angiopoietin—1;  gene therapy; intra—ventricular;  recombinant
Adeno—Associated virus; angiogenesis; Blood Brain Barrier BBB
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Western blot analysis of VEGF and Ang—1 expression
in the ischemic brain tissue 48 h after reperfusion
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Fig. 2 Semi-quantitative analysis of VEGF protein
B-actin was used as internal control. Results were

expressed as the relative OD ratio of VEGF to g-actin
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Fig. 3 Semi-quantitative analysis of Ang-1 protein
B-actin was used as internal control. Results were expressed
as the relative OD ratio of Ang-1 to g-actin (n=6, P<0.05)
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Fig. 4 Quantitative analysis of EB permeability
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Notes: The EB permeability (OD/g) in the rAAV1-VEGFrAAV1-Ang-1
group was remarkably decreased compared with the

rAAV1-VEGF/rAAV1-null group (n=6, P<0.05)
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(a) (b) rAAV-VEGF/rAAV-null (c) rAAV-VEGFI/rAAV-Ang-1
(a) Spontaneous recovery group (b) rAAV-VEGF/rAAV-null group (c) rAAV—VEGF/rAAV—Ang—1 group
5 48h TTC

Fig. 5 Evaluation of the ischemic lesion volume with TTC staining at 48 h after reperfusion
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6 7 48 h rAAV-VEGF/rAAV-Ang-1
Fig. 6 Comparison of the relative infarct volume (n=6, P<0.05)
between the three groups Fig. 7 The neurological severity score in the rAAV1—

: TAAV-VEGF/rAAV-Ang-1

rAAV-VEGFAAAV-null ~ (n=6,P<0.05) after 48 h, which was significantly lower than the scores
Notes: The TTC—derived relative infarct volume of the rAAVI-VEGF/

rAAV1-Ang-1 group was significantly smaller than that of the in the rAAV1-VEGF/rAAV1-null group and the
rAAVI=VEGFrAAV 1-null group and the spontaneous recovery group (n=6, P<0.05)

spontaneous recovery(n=6, P<0.05)

VEGFI/IrAAV1-Ang-1 group was remarkably decreased

(h)

Fig. 8 Fluorescence observation of cerebral micro-vessel perfusion in the ischemic peri—focal region

(a)~(c): tMCAO ;o (d)~(1):rAAVI-VEGF/rAAV1-null
. ()~(): rAAVI-VEGFIAAVI-Ang—1 . (a).(d).(g) FITC-
5 (b).(e).(h) EB E(ONIN! (scale bar=100 pm)

Notes: Fluorescence observation of cerebral micro-vessel perfusion in the ischemic peri—focal region from the spontaneous recovery group
(figures (a)~(c)), rAAVI-VEGF/rAAV1-null group (figures (d)~(f)), and TAAVI-VEGF/rAAV1-Ang—1 group (figures (g)~(1)).
Evans blue and FITC—dextran emit red and green fluorochrome, respectively, for measurement of plasma—perfused

microvessels (yellow color, Evans blue and FITC-dextran), and non—plasma perfused microvessels (red, Evans blue only) (scale bar=100 pm)
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Fig. 9 Comparison of the micro-vessel density

between the two groups

: TAAVI-VEGF/rAAV1-Ang-1

rAAV1-VEGF/rAAV1-null

(n=6,P<0.05)

Notes: The micro-vessels density of the TAAV1-VEGF/rAAV1-Ang-1
group was significantly higher than that of rAAV1 -VEGF/

rAAVI-null group. Data were presented as mean=SD. *P<0.05
versus TAAV1-VEGF/rAAV1-null (n=6, P<0.05)
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(b) rAAV1—VEGF/AAV1—null

(b) The cells expressing c—fos
are rare in the rAAV1-VEGF/
rAAV1-null brains
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(n=6,P<0.05), (scale bar=100 um)

(c) The cfos expression in the rAAV1-VEGFrAAV1-Ang-1
group was remarkably higher than that of the
rAAV1-VEGFIrAAV 1-null group (n=6, P<0.05)

10

c—fos

Fig. 10 The c—fos expression in the ischemic

hippocampus in the two groups
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(b) The cells expressing AQP4
are rare in the rAAV1-VEGF/
rAAV1-Ang-1 brains

(a) There were more cells
expressing AQP4 in the rAAV1-
VEGF/rAAV1-null rat brains
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(c) rAAV1-VEGF/rAAV1-Ang-1 AQP4
rAAV1-VEGF/rAAV1-null  (n=6,P<0.05)

(c) The AQP4—positive expression in the rAAV1-VEGF/rAAV1-

Ang-1 group was apparently lower than that of the

rAAV1-VEGF/rAAV1-null group (n=6, P<0.05)
11 AQP4
Fig. 11 Immunohistochemistry for AQP4 and
quantification of AQP4 positive cells
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brains (b). The relative area of ocludin expression in the rAAV1-VEGF/ VEGF  Ang-1
rAAVI-Ang-1 group was much wider than that of the rAAV1-VEGF/ 0 ; VEGF
rAAV1-null group (c) (n=6, P<0.05) , Ang-1 VEGF
BBB B VEGF  Ang-1 BBB
. Kld-Ang-1 :
s Ang-1 VEGF -9 4
K14-VEGF , Ang-1 ,VEGF  Ang-1
VEGF o BBB R
, s tMCAO
, (VEGF) 48 h Ang
(Ang) Bl s VEGF ,
M, VEGF 48 h Ang , VEGF  Ang-1
s ECs . -
s VEGF-121  VEGF-165 ECs BBB o
o VEGF ,  TAAVI-VEGF/xrAAV1-null
(Vascular Permeability Factor, VPF), s Ang-1 o
s 5 000 , rAAV1-VEGF/rAAV 1-null
) (BBB) ) ) 48 h Ang-1 o
2009,27(21) 47
Y



J‘CMK

48

4@7
(Articles)
, rAAV1-VEGF/rAAV1 —null Ang-1 BBB VEGF BBB
VEGF Ang-1 N
, 1 ,
o VEGF-165 Ang-1
,VEGF , VEGF-165
o VEGF , VEGF-165 Ang-1
(VEGF ) ,
, ,VEGF o WVEGF-165
, VEGF BBB , , , o
oZhang ™ Ang-1 BBB s AQP4 Ocludin ,
, 1h hVEGF-165, c—fos o ,TAAV-VEGF-165
BBB , , rAAV -Ang-1 ¢ —fos
; 48 h Ocludin o AQP4  Ocludin BBB
- s 5 ,Ocludin BBB
Abumiya [l - AQP4 ,
0.3 mglkg  VEGF,72 h AQP4 ,
) - VFGF ,AQP4 o
, AQP4 ,
VEGF 5 s . Occludin BBB
VEGF o Harrigan o ,Ang-1 AQP4
el 2 h , Ocludin BBB
5 pg/ml. hVEGF-165, o
, , 5 pg/mL VEGF Ang-1
VEGF , , VEGF  Ang-1
o ,Sun 7 ,
90 min s 1~-3d BBB o Zhang 1 ,
VEGF, s Ang-1 (Ad-Ang-1)
Ang-1 , 6 h
, o Yano ™ VEGF ,
c¢DNA VEGF 22%; ,Ad-Ang-1
, 6d , VEGF o
R Valable 4 , Ang-1
o VEGF VEGF ,
, VEGF VEGF ,
) N N 50% 42%; ,
o VEGF , o Zhu 1
VEGF Ad-Ang-1 . VEGF, VEGF
, Harrigan ~ Yano Ad-Ang-1, 2 VEGF  Ad-Ang-1
, VEGF 70-1 VEGF , Ang-1
, VEGF BBB ,
, VEGF )
o 70-1 o
,TAAV-VEGF-165 rAAV-Ang-1 ,TAAV-VEGF-165 rAAV-Ang-1
rAAV-VEGF-165 c—fos , ,
, 24 h , Ang-1  BBB
2009,27(21)
4@7




J‘CMK

(Articles)

5
,Ang-1 VEGF
, VEGF
, VEGF  Ang-1

VEGF ,

. VEGF
,  VEGF  Ang-1

:@ VEGF  Ang-1

, VEGF

(References)

[1] Plate K H, Beck H, Danner S, et al. Cell type specific upregulation of
vascular endothelial growth factor in an MCA—-occlusion model of cerebral
infarct[J]. J Neuropathol Exp Neurol, 1999, 58(6): 654—666.

[2] Marti H J, Bernaudin M, Bellail A, et al. Hypoxia—induced vascular
endothelial growth factor expression precedes neovascularization after
cerebral ischemialJ]]. Am J Pathol, 2000, 156(3): 965-976.

[3] Yancopoulos G D, Davis S, Gale N W, et al. Vascular—specific growth
factors and blood vessel formation|J]. Nature, 2000, 407: 242-248.

[4] Gamble ] R, Drew J, Trezise L, et al. Angiopoietin—1 is an antipermeability
and anti—inflammatory agent in vitro and targets cell junctions [J]. Circ
Res, 2000, 87(7): 603-607.

[5] Thurston G, Suri C, Smith K, et al. Leakage-resistant blood vessels in
mice transgenically overexpressing angiopoietin—1[J]. Science, 1999, 286
(5449): 2511-2514.

[6] Zhang Z, Chopp M. Vascular endothelial growth factor and angiopoietins
in focal cerebral ischemial]]. Trends Cardiovasc Med, 2002, 12(2): 62—
66.

[7] Namiecinska M, Marciniak K, Nowak J Z, et al. VEGF as an angiogenic,
neurotrophic, and neuroprotective factor [J]. Postepy Hig Med Dosw,
2005, 59: 573-583.

[8] Valable S, Montaner J, Bellail A, et al. VEGF-induced BBB permeability
is associated with an MMP-9 activity increase in cerebral ischemia: both
effects decreased by Ang—1[J]. J Cereb Blood Flow Metab, 2005, 25(11):
1491-1504.

[9] Storkebaum E, Lambrechts D, Carmeliet P. VEGF: Once regarded as a
specific angiogenic factor, now implicated in neuroprotection [J].
Bioessays, 2004, 26(9): 943-954.

[10] Sundberg C, Kowanetz M, Brown L F, et al. Stable expression of
angiopoietin—1 and other markers by cultured pericytes: Phenotypic
similarities to a subpopulation of cells in maturing vessels during later
stages of angiogenesis in vivolJ]. Lab Invest, 2002, 82(4): 387-401.

[11] Yancopoulos G D, Klagsbrun M, Folkman J. Vasculogenesis, angiogenesis,
andgrowth factors: ephrins enter the fray at the border [J]. Cell, 1998,
93: 661-664.

[12] Gamble J R, Drew J, Trezise L, et al. Angiopoietin—1 is an antipermeability

and anti—inflammatory agent in vitro and targets cell junctions [J]. Circ

eview

Res, 2000, 87(7): 603-607.

[13] Thurston G, Rudge J S, loffe E, et al. Angiopoietin—1 protects the adult
vasculature against plasma leakage[J]. Nat Med, 2000, 6(4): 460-463.

[14] Zhang Z G, Zhang L, Tsang W, et al. Correlation of VEGF and
angiopoietin expression with disruption of blood-brain barrier and
angiogenesis after focal cerebral ischemia[l]. J Cereb Blood Flow Metab,
2002, 22(4): 379-392.

[15] Zhang Z G, Zhang L, Jiang Q, et al. VEGF enhances angiogenesis and
promotes blood—brain barrier leakage in the ischemic brain [J]. J Clin
Inwest, 2000, 106(7): 829-838.

[16] Valable S, Montaner J, Bellail A, et al. VEGF-induced BBB permeability
is associated with an MMP -9 activity increase in cerebral ischemia:
both effects decreased by Ang—1 [J]. J Cereb Blood Flow Metab, 2005,
25(11): 1491-1504.

[17] Abumiya T, Yokota C, Kuge Y, et al. Aggravation of hemorrhagic
transformation by early intraarterial infusion of low-dose vascular
endothelial growth factor after transient focal cerebral ischemia in rats
[J]. Brain Res, 2005, 1049(1): 95-103.

[18] Harrigan M R, Ennis S R, Sullivan S E, et al. Effects of intraventricular
infusion of vascular endothelial growth factor on cerebral blood flow,
edema, and infarct volume[J]. Acta Neurochir (Wien), 2003, 145(1): 49—
53.

[19] Sun Y, Jin K, Xie L, et al. VEGF-induced neuroprotection, neurogenesis,
and angiogenesis after focal cerebral ischemia [J]. J Clin Invest, 2003,
111(12): 1843-1851.

[20] Yano A, Shingo T, Takeuchi A, et al. Encapsulated vascular endothelial
growth factor—secreting cell grafts have neuroprotective and angiogenic
effects on focal cerebral ischemia [J]. J Neurosurg, 2005, 103 (1): 104-
114.

(FrEHmsE FEK)

<< >>u ”

:chenguangren@cast.org.cn,

2009,27(21)

49



