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Objective: To investigate the effect of recombinant adenovirus-mediated HIF-1 alpha
(HIF-1a) on the expression of vascular endothelial growth factor (VEGFA) and HIF-1la in
hypoxic brain microvascular endothelial cells (BMEC) in rats.

Methods: Primary cultured rat BMEC in vitro were treated without or with either recombi-
nant adenovirus-mediated hypoxia-inducible factor-1 alpha (AdHIF-1a) or recombinant
adenovirus empty vector (Ad) in the presence of CoCl, (simulating hypoxia conditions), or
were grown under normoxia conditions. The expression of VEGFA and HIF-1a was ana-
lyzed at 12h, 24h, 48h and 72h incubation time, respectively. We also accessed a GEO
dataset of stroke to analyze in vivo the alteration of HIF-1a and VEGFA expression, and the
correlations between HIF-1o, VEGFA and CD31 mRNA levels in vascular vessels after
stroke.

Results: VEGFA and HIF-1a expression were significantly higher in at each time point in
the AdHIF-1a than other groups (p<0.05), whereas the Ad group and hypoxia group, showed
no statistically significant difference (p>0.05). Moreover, VEGFA and HIF-1a levels were
significantly higher in BMEC under hypoxia conditions than normoxia conditions (p <0.05).
Both HIF-1o and VEGFA expression significantly increased after stroke in vivo with 1.30
and 1.57 fold-change in log2, respectively. There were significantly positive associations
between HIF-1a, VEGFA and CD31 mRNA levels in vivo after stroke.

Conclusion: Hypoxia-induced HIF-la and VEGFA expression in vascular vessels, and
recombinant AdHIF-1a could up-regulate VEGFA, and enhance HIF-laalevels in BMEC
in vitro, which may play an important role in the recovery of stroke.
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Introduction

Stroke ranks the second most common cause of death and a leading risk of
disability in the world." Stroke is characteristic of insufficient blood supply to
brain, and leads to the damage to brain tissue in the affected area. Local blood
flow restoration and improvement are a key therapeutic target in the clinical
management of stroke, and the induction of angiogenesis and the repair of cerebral
vasculature play a critical role in long-term recovery of stroke.

Vascular endothelial growth factor (VEGF) is a member of growth factors. By
binding to its receptor, VEGF exerts its mitogenic, angiogenic and neurogenic
functions.” It has been reported that VEGF expression increases in human brain
tissue and circulating system after ischemic stroke in response to hypoxia
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condition.>* Over-expressed VEGF, in turn, stimulates the
formation of new vessels to bypass the blocked vessels,
which has been observed in both stroke patients and
experimental animals.>® Delayed inhibition of VEGF sig-
naling after stroke could improve functional recovery in
animal models.” However, endogenous VEGF seems
insufficient to completely protect the brain from stroke.
Several previous studies have shown promising angiogenic
changes and functional outcome of stroke with exogenous
administration of VEGF.*'® A double-blind, placebo-con-
trolled clinical trial showed that chronic myocardial ische-
mia patients who were treated with high-dose VEGF had a
significant improvement in their angina class.'' Another
Phase II clinical trial of chronic myocardial ischemia
demonstrated a significant increase in myocardial perfu-
sion in the Adenoviral-VEGF-treated patients.'?
Hypoxia-inducible factor-1 (HIF-1) is a heterodimeric
transcriptional factor, consisting of an inducible HIF-1a
subunit and a constitutive HIF-1§ subunit."* HIF-1 is a
master regulator in response to hypoxia, which regulates
the expression of genes involved in a variety of physiolo-
gical and biological processes such as angiogenesis, ery-
thropoiesis, cell proliferation, apoptosis and energy
production, facilitating cells’ adaptation to low oxygen
microenvironments. In the animal models, it has been
shown that the exposure of mice to low oxygen for 30 to
60 min leads to the upregulation of HIF-1 level in the

4 HIF-1 activation was demonstrated in mouse

brain.
brains after systemic hypoxia for 1 hr.'” Stroka and
colleagues'® reported that the expression of HIF-la
reached maximum after 5 hrs of continuous hypoxia, and
then declined to basal levels after 12 hrs. Inactivation of
HIF-1a accelerates brain injury in a mouse model of
transient focal cerebral ischemia.'” In our previous animal
model study, we have found that recombinant Adenovirus-
mediated HIF-la could significantly reduce ischemia-
induced brain damage.'® However, the underlying
mechanisms are yet to be characterized. Given that
VEGF is one of direct transcriptional targets of HIF-

10,

the administration of exogenous HIF-la may be
able to protect brain from hypoxia-induced injury by indu-
cing VEGF expression. Thus in this study, we aimed to
investigate the effect of recombinant adenovirus-HIF-
lacon VEGFA and HIF-1lo expression using brain micro-
vascular endothelial cells (BMEC) in vitro under hypoxia
conditions, as well as the correlations between the mRNA

levels of HIF-la, VEGFA and CD31 (an angiogenesis

marker) in vascular vessels in vivo after stroke using a
publicly accessed dataset.

Materials and Methods

Animals and Primary Cultured Brain

Microvascular Endothelial Cells (BMEC)
Newly-born male and female Sprague-Dawley (SD) rats

(aging 24 h) were purchased from the Animal Research
Centre of Guizhou Medical University (License number:
SCXK (Qian) 2010-0003). The protocol for animal care
and experiments was approved by the Institutional Animal
Care and Use Committee (IACUC) of Guizhou Medical
University according to the National Guidelines of China
for the care and use of laboratory animals. After sacrificing
the rats with anesthesia, the primary BMEC from rats were
cultured in DMEM complete medium (GE Hyclone
USA) according to the methods
described elsewhere with the minor modification.*?!

Laboratories Inc.

The cultures were incubated in a humidified incubator
with 5% CO, at 37°C in vitro. The third generation cul-
tured BMEC cells were characterized using the staining
method with rabbit anti-mouse factor VIII antibody (Santa
Cruz Biotechnology Inc, Dallas, TX, USA). All cell cul-
ture media were replaced every other day if not specially
noted.

Hypoxia Model of BMEC

Cobalt chloride (CoCl,) (Sigma-Aldrich, USA) is a che-
mical agent widely used in in vitro cell lines to mimic
hypoxia, since Co®" can substitute Fe>* in a heme protein,
and has a low affinity to oxygen.”* The third generation
BMEC were cultured to the eleventh day, and the medium
were replaced by CoCl,-containing medium (100 pmol/L)
for experiments.?

AdHIF-10/Ad Construction

The recombinant adenoviral HIF-1a (AdHIF-1a) plas-
mid containing GFP cassette (obtained from Professor
Tang Hong at the Chinese Academy of Science) was
constructed as previously described elsewhere.'® Human
embryonic kidney cells HEK-293 cells (ATCC® CRL-
1573™) (purchased from ATCC, USA) were used as
host cells for adenovirus infection to package the
recombinant AdHIF-1a. The AdHIF-1a virus titer was
calculated based on the formula as follows: AdHIF-1a
virus titer (pfu/mL) = GFP positive cell counts (pfu) x
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supernatant dilution factor/0.2 mL. AdHIF-loaviruses
were harvested as previously described elsewhere.'®

Transfection of Hypoxia BMEC with

AdHIF-10/Ad

The third generation of BMEC (1 x 10%mL) in DMEM
complete medium were seeded into each well of 6-well
plates, and incubated for 11 days in a humidified incubator
with 5% CO, at 37°C. Then, we treated the cell cultures
under four different conditions.! Normoxia control group:
the cells were maintained in DMEM complete medium
containing 2% fetal bovine serum;®> Hypoxia group: the
cells were treated with CoCl, (100 umol/L);3 AdHIF-1a
group: after 24 h-treatment of the cells with CoCl, (100
pmol/L), the AdHIF-1o/Ad was added to the cells based
on MOI 35;* Ad group (empty group): the adenovirus
(without AdHIF-1a) only was added to the 24 h CoCl,
(100 pumol/L)-treated cells. All cell cultures were incu-
bated in a humidified incubator with 5% CO, at 37°C.

VEGFA and HIF-1la Expression

The cultured BMEC cells under each condition were har-
vested at 12-, 24-, 48- and 72-h post-transfection to pre-
pare slides for the determination of VEGFA and HIF-1a
expression using immunohistochemistry (IHC) analysis or
to extract proteins for VEGFA expression measurement
using Western Blot. VEGFA and HIF-la antibodies
(1:100) were purchased from Santa Cruz Biotechnology
Inc (Dallas, TX, USA). In each assay, the negative control
of PBS in replacement of the antibodies was used.

The color development of IHC slides was performed
using freshly prepared 3, 3'-diaminobenzidine (DAB).
Images were taken using biomedical image analysis sys-
tem, and 10 high-resolution visual fields each THC slide
were randomly selected for the optical density
measurement.

In the Western blot assay, a total amount of approxi-
mately 10 pg protein from each sample, which was deter-
mined by using the BCA method (Thermo Fisher
Scientific Inc., CA, USA) following the manufacturer’s
instruction, was loaded into each well of SDS-PAGE gel.
After the electrophoresis, the proteins were transferred to
NC membrane, which was then incubated in 5% skimmed
milk blocking solution containing VEGFA antibodies
(1:100). Horseradish peroxidase-conjugated goat anti-rab-

bit IgG (1:500) was used. The color intensity was

determined using image-pro-plus 6.0 software. B-actin
was used as an internal control.

RT-PCR Analysis

Total RNA was extracted from each group, and cDNA was
prepared using reverse transcriptase kit (ThermoFisher
Scientific Inc.). The primer sequences are as follows: /-
actin (as a reference), forward 5'-ATC CGT AAA GAC
CTC TAT GCC AAC A; reverse 5'- GCT AGG AGC CAG
GGC AGT AAT C, and the PCR product size is 105 bp.
VEGFA: forward 5'- GGA CTT GAG TTG GGA GGA
GGAT; reverse 5'- CAG GGA TGG GTT TGT CGT GTT,
and the PCR product size is 188 bp. The PCR reaction
conditions include: denature at 94 °C for 7 min, and 28
cycles (for VEGFA) or 30 cycles (for f-actin) of denature
at 94°C for 45 s, annealing at 57.8°C for 45 s, and exten-
sion at 72°C for 2 min, and final extension at 72°C for 7
min. After the completion of PCR reaction, the PCR
products were analyzed by running 2% agarose gel elec-
trophoresis. Images were taken with the gel image proces-
sing system, and the integral light density value was
recorded. The relative VEGFA expression (%) = (optical
density of amplified VEGFA product/optical density of -
actin product) x 100%

Alteration of HIF-1o. and VEGFA

Expression After Stroke

We retrieved the publicly accessed data GSE13353 from
GEO datasets (https://www.ncbi.nlm.nih.gov) to examine
the alteration of HIF-1a, VEGFA and CD31 expression in
vivo after stroke. This dataset was generated from a

whole-genome expression array analysis on 11 ruptured
saccular intracranial aneurysm (a devastating form of
stroke) wall samples, which were resected at a median of
15 hrs after rupture, and 8 unruptured ones. The data were
analyzed using GEO2R for differential expression between
ruptured vs unruptured wall samples.

Statistical Analysis

An ANOVA model was used to compare the differences in
the means between multiple groups with Bonferroni post
hoc pair comparisons for groups at each time point using
SPSS13.0. The values presented in the tables are expressed
as mean (x) + standard deviation (s). Differential expres-
sion of whole-genome expression array data was analyzed
using GEO2R of R package. All p values <0.05 at two-
tailed were considered statistically significant.
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Results

Characterization of Primary BMEC

Figure 1 is representative images of primary BMEC. The
morphology of fresh primary BMEC displayed a single
branch, or branched. After one-day culture, most of the
microvascular segments and individual cells have attached
the plates, and the edges of the microvascular segments
grow into a single endothelial cell with the typical triangular

Figure | Morphology of primary BMEC. (A) Representative image of |-day
primary cultured BMEC under light microscope (x100), (B) Representative image
of 10-13d primary cultured BMEC under light microscope (%100), (C)
Immunohistochemistry staining for vascular endothelial cell marker factor VIl
under light microscope (*100).

or long spindle-shaped appearance (Figure 1A). The cells
were arranged randomly with pale nucleus and clear cell
membrane. The scattered cell colonies were formed after
3-4d culture and proliferation. Until 10-13 days, they
formed a monolayer of tightly packaged, non-overlapping
longitudinally aligned cells (Figure 1B). A high purity of
over 95% of the cells reached as demonstrated by vascular
endothelial cell marker factor VIII (Figure 1C).

AdHIF-1a Increases VEGFA and HIF-1a
Expression in BMEC Under Hypoxia

Conditions

To examine whether recombinant adHIF-la can increase
VEGFA expression in BMEC under hypoxia conditions,
we treated the BMEC with AdHIF-1a in the presence of
CoCl2 in the medium. Figure 2 shows the representative
images of IHC staining, and Table 1 is the level of VEGFA
expression in each group at each time point. The results
showed that hypoxia could significantly induce VEGFA
expression in BMEC compared to the normoxia. In the
period of 3-day observation, the level of VEGFA expression
remained stable in the normoxia group, whereas VEGFA
expression kept increasing until 48 h, at which time point,
the VEGFA level reached peak under hypoxia conditions.
At each time point, the AdHIF-1a group showed a signifi-
cantly higher VEGFA expression compared to the other
three (p<0.05). However, there was no significant difference
in VEGFA expression between the hypoxia group and the
Ad group (p >0.05). Western blot analysis (Figure 4 and
Table 5) shows a similar change pattern and the differences
of VEGFA expression in BMEC in the time course across
the groups as observed in the IHC results.

Again, at the mRNA level, RT-PCR results showed the
similar results of the differences in VEGFA expression
between the groups (Table 2).

Table 3 shows the levels of HIF-1a expression in each
group at each time point. The results showed that hypoxia
could significantly induce HIF-la expression in BMEC
compared to the normoxia. In the period of 3-day observa-
tion, the level of HIF-1a expression remained stable in the
normoxia group, whereas HIF-1a expression kept increas-
ing and reached peak until 48 h under hypoxia conditions.
At each time point, the AdHIF-1a group showed a sig-
nificantly higher HIF-1a expression compared to the other
three (p<0.05). However, there was no significant differ-
ence in HIF-1a expression between the hypoxia group and
the Ad group (p >0.05).
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Figure 2 Immunohistochemistry staining for VEGFA protein in BMEC. Representative light microscopy images (*100) of the effect of AdHIF-1a on VEGFA protein level in
BMEC at 12 h (A) and 48 (B) in the normoxia group, at 12 h (C) and 48 h (D) in the hypoxia group, at 12 h (E) and 48 h (F) in the AdHIF-la group, and at 12 h (G) and 48 h

(H) in the Ad group, respectively.

Up-Regulated HIF-Io and VEGFA

Expression After Stroke

Table 4 shows the differential expression of HIF-laoand
VEGF in ruptured vascular walls vs unruptured ones. Both
HIF-1a and VEGFA expression significantly increased in
vascular walls at a median of 15 hrs after stroke. The fold-
changes in log were 1.30 for HIF-1a and 1.57 for VEGFA,

respectively at approximately 15 hrs after stroke, and p
values were 5.50E-7, and 0.0018, respectively. Again,
Figure 3 shows the correlations between the mRNA levels
in logl0 of HIF-1a, VEGFA and CD31 (a marker of angio-
genesis). There were significantly positive associations
between three markers in vascular cells after stroke. The
parameters (B) in logl0 were 0.58 for HIF-1a and VEGFA
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Table | Effect of Hypoxia and AdHIF-1o on VEGFA Protein in BMEC in Four Groups (X =£ s)

Group n VEGFA Protein

12h 24h 48h 72h
Normoxia 6 0.210.02% 0.23+0.04° 0.220.03° 0.21£0.03
Hypoxia 6 0.36+0.03° 0.82+0.06° I.17+0.16° 0.41+0.03°
Ad 6 0.38+0.02° 0.81+0.07° 1.19+0.18° 0.39£0.04°
AdHIF-1a 6 0.53+0.06° 0.97+0.11¢ 1.46+0.23¢ 0.66+0.04°

Note: *At the same time point, the different letters indicate statistically significant (p<0.05), whereas the same letters indicate no significant difference in VEGF expression

between groups (p>0.05).

Table 2 Effect of Hypoxia and AdHIF-1o. on VEGFA mRNA Level in BMEC (¥ £ s)

Group n VEGFA mRNA Level (%)

12h 24h 48h 72h
Normoxia 6 20.87+2.04% 20.89+1.39° 20.02+1.43° 20.04+1.82°
Hypoxia 6 24.3742.35° 28.09%1.62° 34.02£2.37° 26.12£1.03°
Ad 6 24.3242.32° 29.41+1.93° 36.78+2.71° 27.23+1.53°
AdHIF-10 6 28.1542.67° 36.46+2.48 48.32+2.58% 33.36+1.89

Note: *At the same time point, the different letters indicate statistically significant (p<0.05), whereas the same letters indicate no significant difference in VEGFA expression

between groups (p>0.05).

Table 3 Effect of Hypoxia and AdHIF-la on HIF-lo Protein in BMEC in Four Groups (x % s)

Group N HIF-1a (OD Ratio)

12h 24h 48h 72h
Normoxia 6 0.23+0.02% 0.25+0.01° 0.23+0.03° 0.24+0.04°
Hypoxia 6 0.27+0.03° 0.33+0.03° 0.37+0.02° 0.30+0.03°
Ad 6 0.27+0.02° 0.32+0.02° 0.36+0.04° 0.29+0.02°
AdHIF-1a 6 0.30+0.04° 0.37+0.02° 0.45+0.03¢ 0.35+0.03¢

Note: *At the same time point, the different letters indicate statistically significant (p<0.05), whereas the same letters indicate no significant difference in VEGFA expression

between groups (p>0.05).

(p =0.0051), 0.83 for VEGFA and CD31 (p = 1.15E-5), and
0.52 for HIF-1o. and CD31 (p = 0.015), respectively.

Discussion

In this study, we demonstrated the effect of AdHIF-1a on
VEGFA and HIF-1a expression in primary BMEC in vitro
under hypoxia conditions. As expected, when the cells
were exposed to hypoxia conditions, VEGFA and HIF-1a

Table 4 Differential Expression of HIF-/a and VEGFA in Ruptured
vs Unruptured Vessels

Gene Ruptured vs Unruptured Vascular Walls

Log (FC) p- value FDR Probe-ID
HIF-1a 1.30 5.50E-07 0.00602 200989_at
VEGFA 1.57 0.0018 0.05435 210513_s_at

Abbreviations: log(FC), fold-change in log2; FDR, false discovery rate.

expression significantly increase with the time, reaching
the peak at 48 h after the hypoxia. The addition of recom-
binant AdHIF-1a significantly augmented the production
of VEGFA and enhanced the levels of endogenous HIF-1a
in BMEC. These findings are consistent with the proof-of-
concept coined in the previous studies,”” indicating that
the recombinant AdHIF-1la has the similar activities as
endogenous HIF-1a in stimulating VEGF expression, an
angiogenesis factor in vessel remodeling after stroke.
VEGF is a glycoprotein, containing eight conserved
cysteine residues sequence,”* and is a member of the super-
family growth factors.>>*° In the healthy adult mammalian
brain, VEGF expression maintains at a low level to stabilize
mature vessels.”” However, VEGF and its receptors VEGFR-
1 and VEGFR-2, which are expressed on neurons, glial and
vascular endothelial cells, are upregulated under hypoxia
conditions to protect brain from insufficient oxygen supply-
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Table 5 Western Blot Results of VEGFA Expression in BMEC Among Four Groups (X £ s)
Group n VEGFA Expression
12h 24h 48h 72h
Normoxia 6 0.20+0.03%* 0.20£0.02* 0.21+0.02* 0.23+0.02°
Hypoxia 6 0.35+0.03° 0.54+0.03° 0.82+0.04° 0.36+0.02°
Ad 6 0.33+0.04° 0.57+0.03° 0.79+0.05° 0.39+0.03°
AdHIF-la 6 0.63+0.03° 0.74+0.03¢ 1.19+0.06° 0.69+0.03¢

Note: *At the same time point, the different letters indicate statistically significant (p<0.05), whereas the same letters indicate no significant difference in VEGF expression

between groups (p>0.05).

induced injury.**® The response of VEGF expression in
response to stroke could start as early as 2 to 4 h after the
onset, and last for almost a month.?’ Biphasic increase of
VEGF expression after stroke was observed in a previous
study,*® which showed the first peak of VEGF increase at 6 h
and the second one at 7 days after reperfusion. This response
is not limited to the stroke and penumbra area only, where

A
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VEGF expression is predominately increased though, and
can also spread to the function- and behavior-related cortical
areas.’! In addition, VEGF-induced angiogenesis may alter
the dynamic of blood flow, which is reduced in the ischemic
areas while increased in the areas outside of the lesion,32
thereby protecting neurons from ischemic cell death directly
or indirectly via the formation of neo-vessels.

B
©
>
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z
% .
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Figure 3 Scatter-plots of HIF-/a, VEGFA and CD3/ mRNA levels in vascular walls after stroke. A significantly positive association between HIF/a and VEGFA mRNA levels in
logl0 (p=0.0051) (A), and between CD3/ and VEGFA mRNA levels in logl0 (p = I.15E-5) (B), and between CD3/ and HIFla mRNA levels in logl0 (p = 0.015) (C). The

regression line is in blue and 95% confidence intervals are in grey shadow.
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Figure 4 Representative Western Blot images of VEGFA expression in BMEC.

VEGTF is pro-angiogenic and neuroprotective. It has been
shown that VEGF can increase the permeability of venules
and small veins, and promote the angiogenesis by stimulating
the growth of vascular endothelial cells.**** In the early
stage of cerebral ischemia, the increase of VEGF expression
and neo-vessels was observed.>>~*® Via binding to VEGFR-1/
2, VEGF significantly increases the number of CD31" ves-

1’7 Similarly, after the

sels in an in vivo angiogenesis mode
vessel rupture-caused stroke, the findings in this study that
both the HIF-1o and VEGFA mRNA levels increased and are
positively associated with CD3/ mRNA levels suggest that
hypoxia leads to HIF-la, VEGFA expression and conse-
quently angiogenesis initiation. The transplantation of
VEGF-over-expressing neural stem cells leads to angiogen-
esis and functional recovery in mouse stroke model.**
Dzietko et al reported that VEGF could promote angiogen-
esis to execute its neuroprotective effect.** Bozayan et al
showed that the astrocytes were able to utilize the VEGF
signaling pathway to control the formation of vascular
network.* In turn, VEGF could induce the transdifferentia-
tion of astrocytes into neurons, consequently stimulating
neurogenesis,*’ and this may explain the clinic phenomenon
that neuron system injury gradually improves in stroke
patients. Other studies showed that VEGF might have differ-
ent effects on brain in the different stages of stroke.**** In
animal stroke models, they found that the elevated level of
VEGEF at the early stage increased the permeability of blood-
brain barrier, whereas at the late stage, VEGF stimulated
angiogenesis and promoted the nervous system repair by
activating the PI3K signaling pathway, which is critical in
the angiogenic process. Moreover, in vitro cell line experi-
ments showed neuronal cells survived hypoxia in the pre-
sence of VEGF,** maintaining its functions once neo-vessels
are remodeled. In in vivo animal stroke models, local appli-
cation of VEGEF significantly decreased the hypoxia-induced

brain damage, including infarct volume and edema
formation.*> In contrast, the intraventricular application of
anti-VEGF antibody increased the ischemia-induced brain
lesion.*® VEGF-overexpressing transgenic mice showed an
increase of both neurogenesis and the migration of newly-
formed neurons to the peri-infarcted cortex.*’

In stroke, HIF-1 is a critical transcription factors in the
hypoxic brain, triggering the downstream genes involved
in angiogenesis and neurogenesis, as well as differentia-
tion of stem cells.*® Under normoxia conditions, the turn-
over of HIF-1 is quick, which is rapidly degraded by
ubiquitinylation. In contrast, the stabilization of HIF-1 is
enhanced under hypoxia conditions, resulting in an
increase of HIF-1 in hypoxic brain.** VEGF is one of
the well-documented downstream genes of HIF-1. The
response of HIF-1 to hypoxia and consequently the
increase of VEGF facilitates the cells’ adaptation to
hypoxia,® and to counteract ischemia-induced brain
damage.?®** A previous report demonstrated that the pro-
line hydroxylase inhibitor-4 (PHI-4) could reduce ische-
mia-induced neuron apoptosis by increasing HIF-1a and
its target gene VEGF in animal models.’' In line with
these findings, we found that VEGFA and HIF-1a signifi-
cantly increased both in vivo after stroke and in in vitro
BMEC under hypoxia conditions, and that the addition of
recombinant AdHIF-1a could increase VEGFA and HIF-
la expression in BMEC in vitro in this study. However,
since VEGF is a vascular permeability factor, causing
capillary permeability that occurs first and precedes the
formation of neo-vessel in vessel remodeling, it is a trade-
off between vessel permeability and neo-vessel formation.
Particularly neo-vessel formation can efficiently amelio-
rate permeability-caused edema and improve the supply of
oxygen and nutrients. In future studies, it will be war-
ranted to in vivo investigate the optimal dose of recombi-
nant AdHIF-1a as a therapy of stroke.

In summary, we used the primary BMEC cells to first
demonstrate the effect of recombinant AdHIF-la on
VEGFA and HIF-1a expression in vitro, and as expected,
we found that hypoxia conditions led to the increase of
HIF-looand VEGFA, and that recombinant AdHIF-1a
could significantly increase VEGFA in endogenous HIF-
lo-manner and HIF-lo expression in BMEC under
hypoxia conditions. Hemorrhage-caused stroke led to
significantly increased HIF-Ia and VEGFA in vascular
vessels. A significantly positive association exists
between HIF-lo, VEGFA and CD31 mRNA levels.
These findings suggest that the delivery of recombinant
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AdHIF-1aacan promotes VEGFA expression via enhan-
cing the levels of HIF-1aaunder hypoxia conditions, con-
sequently may help stroke-induced damage recovery.
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