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Abstract: Stroke is one of the neurological diseases which lead to permanently neuronal damage after temporary or
long-term occlusion of vessels or after heart attack. However, there are few efficient strategies to prevent or treat this
kind of insult in clinical because the consequence is irreversible and could be long-lasting after the onset of stroke.
Gene therapy especially using viral system has long been addressed to be of great potential to reduce the damage.
Here, we generated recombinant adeno-associated virus (rAAV) carrying brain-derived neurotrophic factor (BDNF)
gene. Cells infected with rAAV-BDNF could be able to produce functional BDNF which promoted neurite outgrowth
and protected neurons from apoptosis induced by serum deprivation. Further more, single injection of rAAV showed
neuroprotection against cell death in focal ischemic model. These results showed that rAAV-mediated gene delivery is
functional, which shed light to the future application of viral system-based gene therapy in clinical.
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Introduction

Ischemic stroke is caused by narrowing of the
arteries in the neck or brain, or heart attack, or
abnormalities of the heart valves. It is one of the
common neurological diseases which brings
heavy burden on individual and family, as well
as medical cost, and it is a global problem. Pa-
tients suffering from stroke may develop motor
deficiency, and memory loss etc, depending on
the region of the brain affected. One of the hall-
marks in ischemic stroke is that massive cell
death in infarct area which could include many
brain sub-regions such as cortex, hippocampus,
striatum and hypothalamus, thus stroke pa-
tients display differentially clinical symptoms.

Currently, there are two well-characterized ani-
mal models used for ischemia study including
forebrain global ischemia and middle cerebral
artery occlusion (MCAO). And MCAO is more
prone to mimic clinical features of stroke than

global ischemia. It is reproducible and controlla-
ble, which could be achieved by withdrawing the
suture at defined time points.

Neurotrophic factors have long been implicated
to play important roles in both physiological and
pathological conditions such as neuronal devel-
opment, survival and differentiation, synapto-
genesis and synaptic plasticity, as well as in
nerve injury, ischemic insults and epileptogene-
sis [1-4]. Brain-derived neurotrophic factor
(BDNF) is a well-characterized neurotrophic fac-
tor which exerts its function through binding to
the high-affinity receptor tyrosine kinase (TrkB)
thus activating its downstream signaling path-
ways. BDNF is expressed ubiquitously in the
central nervous system during development and
shows trophic effects on neuronal cells chal-
lenged with serum deprivation [5, 6]. In vivo,
BDNF could be able to rescue neuronal cells
from neurodegeneration resulted by central
nervous sysmtem injuries [7-12]. BDNF and trk
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B mRNAs were found to increase in a wide-
spread region of the ipsilateral cortex outside
the infarct following MCA occlusion [13]. Prior
reports employing intraventricular injection of
BDNF reduced the infarct size after focal ische-
mia [14]. Application of BDNF could be able to
protect ischemic cell damage and enhance post
-stroke sensorimotor recovery [3, 15]. These
findings suggest that BDNF potentially plays a
neuroprotective role in ischemia.

With the rapid development of gene therapy, the
notion that virus-mediated gene delivery in
treating neurodegenerative disease has been
accepted. Post-ischemic administration of GDNF
and VGF by sendai virus-mediated gene delivery
prevents delayed neuronal death in gerbils [16].
Mmesenchymal stem cells modified with BDNF
gene by virus-mediated gene delivery promoted
functional recovery and reduce infarct size in
the rat middle cerebral artery occlusion model
[17].

Here, we generated recombinant adeno-
associated virus (rAAV) containing BDNF gene.
Overexpression of BDNF by rAAV-mediated gene
delivery could be able to increase both BDNF
MRNA and protein level in cultured cells in-
fected with viral particles. The increased expres-
sion level of BDNF was later found to be func-
tional because it promoted dendrite outgrowth
in neuronal cultures and protected neuron from
apoptosis by serum deprivation. Further more,
we demonstrated that the rAAV mediated BDNF
delivery was sufficient to prevent neuronal
death induced by focal ischemia. Thus our study
suggested that rAAV-mediated delivery of BDNF
is functional as that of application of BDNF pro-
tein, which results in promoted dendrite out-
growth as well as protects neuronal loss in-
duced by serum deprivation in vitro and focal
ischemia in vivo. This piece of work also pro-
vided the evidence that the future application of
virus-mediated gene therapy in neurodegenera-
tive disease.

Material and methods

Generation of recombinant adeno-associated
virus (AAV)-mediated BDNF overexpression

A cDNA encoding rat BDNF was amplified and
subcloned in an AAV plasmid backbone contain-
ing the 1.1 kb CMV enhancer/chicken B-actin
(CBA) promoter, the woodchuck post-
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transcriptional regulatory element (WPRE) and
the bovine growth hormone polyA (bGH) to yield
the construct pAAV-BDNF. The same pAAV-CBA-
WPRE-bGH backbone carrying no cDNA (pAAV-
empty) were used as controls [18, 19]. rAAV
mosaic vectors containing a 1:1 ratio of AAV1
and AAV2 capsid proteins with AAV2 inverted
terminal repeats (ITRs) were generated by
crosspackaging as described [20]. Briefly,
HEK293 cells were transfected with the AAV cis
plasmid, the AAV1 and AAV2 helper plasmids
and the adenovirus helper plasmid by standard
calcium phosphate transfection methods. 48 h
after transfection, cells were harvested and the
vector purified using heparin affinity columns
(Sigma, St. Louise, MO). Genomic titers were
determined using the ABI 7300 real time PCR
cycler (Applied Biosystems) with primers de-
signed to BDNF.

rAAV vector administration

Briefly, male Sprague-Dawley rats weighing 300
to 360 g were anaesthetized with an intraperito-
neal injection of 400 mg/kg chloral hydrate,
and 10 pl of either rAAV-empty or rAAV-BDNF (3
x 1011 viral genomes/ml) was injected bilater-
ally into the cerebral ventricle using a stereo-
taxic frame (Kopf Instruments, Tujunga, CA).
Vectors were infused at a rate of 200 nl/min
using a microprocessor controlled mini-pump
(World Precision Instruments, Sarasota, FA). TTC
staining began 14 days after vector infusion
when transgene protein expression has peaked
to remain at stable levels [21].

Primary hippocampal neuron cultures

Hippocampal neurons were prepared from E18
rats embryos and maintained for 10-12 days in
vitro (DIV) as described. Primary cultures of hip-
pocampal neurons were plated on poly-D-lysine-
coated 6-well plates at 1,500,000 per well for
biochemical experiments or on coverslips at
5,000 per coverslip for morphology experi-
ments. All cell culture reagents were from
Gibco. The neurons were infected with AAV-
BDNF at DIV 1 for dendrites growth and apop-
tosis assay, and at DIV 7 for RT-PCR and Elisa
assay. Control cultures received a similar
amount of PBS, which was the solvent for all
adenovirus. All experimental procedures were
under the approval of the Animal Experiment
Committee of Shanghai Institutes for Biological
Sciences.
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Immunoblotting and antibodies

Cultured cells were lysed in an ice-cold RIPA
lysis buffer after different treatments, as de-
scribed elsewhere. The lysates were mixed with
sample buffer for SDS-PAGE. We used the fol-
lowing antibodies: rabbit anti-BDNF (1:1,000;
Cell Signaling Technology), and mouse anti-actin
(1:5000; Chemicon). Horseradish peroxidase-
conjugated anti-rabbit or anti-mouse secondary
antibodies (1:10,000, Pierce) were used as sec-
ondary antibodies. Immunoreactive bands were
visualized by enhanced chemiluminescence
(ECL, Pierce). Densitometric analysis was con-
ducted using Molecular Analyst software
(Version1.4, Bio-Rad laboratories) and analyzed
with Quantity. The same experiments (with mul-
tiple experiment conditions) were repeated at
least three times (n >3).

RT-PCR reactions

TRIZOL reagent kit (Invitrogen) was used to iso-
late mRNA from cultured neurons. The first-
strand synthesis and PCR reaction were per-
formed using M-MLV Reverse Transcriptase and
Tag ploymerase (Promega) according to the
manufacturer’s instructions. The sets of primers
are: BDNF primers, 5-CATCCAGTTCCACCAGGT-
3', and 5'-CCATGGGTCCGCACAGCT-3'; glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH)
primers, 5-ACCACAGT CCATGCCATCAC-3’ and
5’- TCCACCACCCT GTTGCTGTA-3".

Cell survival assay

Propidium iodide (Pl) was added to a final con-
centration of 5 yg/ml 30 min before the end of
the induction of apoptosis to label dying cells.
Data are presented as the means and SEM of
determinations made in four to eight wells per
condition of a representative experiment. Each
experiment was performed at least three times
(n>3).

Immunocytochemical staining and fluorescence
microscopy

Hippocampal neurons grown on glass coverslips
(Corning) for 5 days were infected with AAV-
BDNF. The infected neurons were transferred to
MEM without serum at DIV 7. 48 hours later,
neurons were fixed, and then incubated with
mouse anti-actin(1:200; Santa Cruz) in PBS
containing 0.2% goat serum overnight at 4 °C.
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The cultures were washed, and incubated with
Alexa Fluor 546 (Molecular Probes)-conjugated
secondary antibodies diluted in PBS containing
0.2% goat serum for 1 h at room temperature.
Images were acquired with Zessi microscope
(40X). For dendritic growth assay, infection of
hippocampal neurons with AAV-BDNF was car-
ried out immediately after dissociation. Anti-
MAP2 (1:1000; Chemicon) were used in the
following immunocytochemical procedures.

Assay for dendritic growth

Cultured hippocampal neurons at 3 days in vitro
were grown in neurobasal medium containing
B27 supplements. Cells were stained with
mouse anti-MAP2 (1:1,000; Chemicon). Images
were obtained using a Nikon microscope (20X,
546 nm laser). After taking images of MAP2-
positive neurons with cell body for diameter (15-
20 um), the number of the primary dendrites
per neuron was counted and the dendritic
length was determined by tracing all dendritic
processes in LSM software. The identity of proc-
esses as dendrites was verified based on MAP2
immunofluorescence. At least 30 neurons were
captured per condition in each experiment, and
each experiment was repeated multiple times
(n>3).

MCAO ischemic model

All procedures used in this study were in accor-
dance with the approval of the Animal Experi-
ment Committee of Shanghai Institutes for Bio-
logical Sciences. Seventy-two male Sprague-
Dawley rats weighing 300 to 360 g were in-
jected with AAV-BDNF or PBS into cerebral ven-
tricle. Fourteen days later, the rats were anes-
thetized with an intraperitoneal injection of 400
mg/kg chloral hydrate. Focal brain ischemia
was induced by the intraluminal suture MCAO
method as previously described [22]. Briefly, the
right CCA, ICA, and ECA were exposed through a
midline incision of the neck. A 4-O silicone-
coated nylon suture was used as an occluder
and was inserted via the CCA (CCA route) or ECA
(ECA route). For the CCA occlusion route, the
proximal portions of the right CCA and the ECA
were ligated with 5-O surgical sutures, and the
occluder was inserted through an arteriotomy of
the right CCA 3 mm below the carotid bifurca-
tion. For the ECA occlusion route, the occluder
was inserted through a stump of the ECA, and
the CCA was kept open and intact. The occluder
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was advanced into the ICA 17 to 19 mm beyond
the carotid bifurcation. Mild resistance indi-
cated that the occluder was properly lodged in
the anterior cerebral artery and thus blocked
blood flow to the middle cerebral artery (MCA).
For temporary MCAO, reperfusion was obtained
by withdrawing the suture approximately 10
mm. For hypothalamic occlusion, the suture was
inserted through an arteriotomy of the right CCA
3 mm below the carotid bifurcation and ad-
vanced into the ICA only 15 to 15.5 mm above
the carotid bifurcation.

Assessment of necrosis

We used histochemical staining with triphenyl
tetrazolium chloride solution (TTC method) to
assess necrosis. Rat brain slices about 1 cm
thick were placed in triphenyltetrazolium chlo-
ride (TTC) buffered in 0.2 mol/L Tris (pH 7.8) at
approximately 37°C for 15 minutes for demar-
cation of the area of necrosis [23]. They were
subsequently photographed. The TTC-positive
areas (dark red; viable brain region) and the TTC
-negative areas (white or pale; necrotic brain
region) were outlined and measured by plani-
metry. The extent of necrosis was expressed in
percentage of the brain area: TTC-negative area
x 100/(TTC-negative+TTC-positive area) [24].

Results

Generation and functional characterization of
AAV vector carrying BDNF

The generation of rAAV-BDNF expression con-
struct was illustrated in Figure 1A. Briefly, the
open reading frame (ORF) of rat bdnf gene was
amplified from rat cDNA library, and was in-
serted into rAAV backbone. The characterization
of two rAAV-BDNF clones was achieved by PCR
(Figure 1A, right lane 2 and 3). In order to test if
the rAAV-BDNF is functional and infectious, we
infected HEK293 cells with high titer rAAV-BDNF
viral particles. Compared with non-infected
HEK293 cells, we found that high titer of rAAV-
BDNF damaged cellular architecture 48 hr after
infection assessed by morphological observa-
tion under phase microscopy; this was largely
due to the toxin effect of rAAV (Figure 1B). To
further study if overexpressing BDNF using rAAV
-mediated gene delivery was functional, we in-
fected Hela or HEK293 cells with rAAV-BDNF
particles and assess the both mRNA and protein
level of BDNF in the cultured cells. The endoge-
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Figure 1. Generation of rAAV-mediated BDNF expres-
sion. A. Left, schematic illustration of the rAAV-BDNF
expression cassette, for nomenclature see Methods
section. Right, PCR analysis of rAAV-BDNF expression
vector in E. Coli. Line 2 and 3 in agrose gel electro-
phoresis represented two independent recombinant
clones of rAAV-BDNF expression vector. B. Represen-
tative pictures of HEK293 cells infected with or with-
out rAAV-BDNF virus for 48 hrs. (Scale bar, 50 um).
Experiments were performed as pervious described
and the photomicrographs (20x objective) were
shown. C. Left, RT-PCR analysis of BDNF expression
in Hela and 293T cells. Line 2 in agrose gel electro-
phoresis represented the mRNA level of BDNF in
control cells. Line 3 and 4 represented the mRNA
levels of BDNF in Hela cells infected with rAAV-BDNF
at MOI=100 and MOI=200 respectively. Line 5 repre-
sented the mRNA level of BDNF in HEK293 cells
transfected with rAAV-BDNF vectors. Right, represen-
tative immunoblots of BDNF expression in Hela and
293T cells. Line 1 in the Western blots represented
the protein level of BDNF in control cells. Line 2 and
3 represented the protein levels of BDNF in Hela
cells infected with rAAV-BDNF at MOI=100 and
MOI=200 respectively. Line 4 represented the pro-
tein level of BDNF in HEK293 cells transfected with
rAAV-BDNF vectors. Western blotting of Actin were
used as a loading control.
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nous bndf mRNA was undetectable in non-
infected Hela cells (Figure 1C, lane 2) whereas
the bdnf mRNA was increased in rAAV-BDNF
infected Hela cells in a dose-dependent man-
ner because high MOI group had relative high
bdnf mRNA compared with low MOI group
(Figure 1C, lane 3, 4). This result showed that
our rAAV-BDNF was able to increase bdnf mRNA
level in cultured cell lines. Furthermore, we in-
fected HEK293 cells with rAAV-BDNF (MOI=10)
and also could be able increase bdnf mRNA
(Figure 1C, lane 5).

In order to detect if the infection could be able
to produce BDNF protein, we undertook both
ELISA and Western blotting to valuate the BDNF
protein level. Cultured neuronal cells were in-
fected with rAAV-BDNF viral particles at two
MOls (MOI=100, 200) respectively. Cultured
medium were collected at different time points
(48 h,72h,5d, 7 dand 10 d) and subjected to
ELISA. We found that overexpressing BDNF me-
diated by rAAV could be able to produce mature
BDNF in a both time-dependent and dose-
dependent fashion (Figure 1D). The concentra-
tion of BDNF in cultured medium increased with
the infection time because at the time point of
10 d, it reached peak. High MOl-infected
(MOI=200) group secreted about 2-fold of BDNF
than that of low MOl-infected group (MOI=100)
(Figure 1D). Moreover, we lysated both two cell
lines infected with rAAV-BDNF and subject the
lysates to immunoblotting to test the BDNF pro-
tein level. We found that BDNF protein level was
dramatically increased in virus-treated Hela and
HEK293 cells and this increment was also in a
MOl-value dependent manner as high MOI
group produced more BDNF than that of from
low MOI group (Figure 1C). These results sug-
gest a successful delivery of rAAV vector carry-
ing BDNF into both cell lines and primary cul-
tured, which could be able to produce mature
BDNF.

rAAV-mediated gene delivery promotes BDNF
expression and neurite outgrowth in cultured
neurons

Previous study has shown that endogenous ap-
plication of BDNF in cultured neurons could be
able to promote neurite outgrowth and enhance
neurite regeneration [25-28].In order to achieve
the functional study of overexpressing BDNF
using rAAV-mediated gene delivery, we infected
neuronal cultures with rAAV-BDNF and assayed
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the mRNA level of bdnf. Neuronal cultures in-
fected with rAAV carrying BDNF increased bdnf
mRNA at the time point of 72 hr after infection
in both MOI=50 and MOI=100 groups (Figure
2A, lane 2 and 4) compared with control cul-
tures (Figure 2A, lane 1 and 3). GAPDH served
as loading control. In order to investigate
whether rAAV-mediated overexpression of BDNF
functions similar as mature BDNF, we infected
cultured hippocampal cultures at DIV 3 with
rAAV-BDNF. At 48 h after infection, cells were
fixed with 4% PFA and an immunocytochemistry
staining against MAP2 was performed to visual-
ize neuronal morphology.. We counted both the
primary neurite number and total dendrite
length, two parameters to evaluate neurite
growth in cultured neurons. We found that rAAV-
BDNF promoted neurite outgrowth in cultured
hippocampal neurons because both primary
neurite number and total dendrite length in-
creased 48 h after infection at approximately 2
folds compared with non-infected group. The
representative neuronal morphology was illus-
trated in Figure 2B and the statistical analysis
was shown in Figure 2C.

rAAV-mediated BDNF expression protects neu-
rons from apoptosis in vitro and neuronal loss
in MCAO model

There have been reports showing that BDNF
functions as a protective factor against cell
death signaling [5, 15, 17]. To investigate
whether rAAV-mediated BDNF delivery is able to
protect neurons from apoptosis, we employed
both in vitro assay and in vivo study to address
this question.

First, we used serum deprivation model, a clas-
sic apoptotic trigger in cultured cells. Neuronal
cell cultures were first infected with or without
rAAV-BDNF viral particles at DIV 5 and then
were deprived of serum at DIV 8 for 48 hr. Neu-
ronal morphology was visualized by immu-
nostaining using anti-actin antibody and survival
was assess by PI/DAPI staining. rAAV-BDNF sig-
nificantly protected neurons from apoptosis
because cultured cells infected with rAAV-BDNF
maintained normal morphology upon serum
deprivation whereas in non-infected group, most
of the cells collapsed and lost the cellular archi-
tecture and displayed the atrophy of neurites
(Figure 3A). These cells were also positive for Pl
staining while in rAAV-BDNF group, few apop-
totic cells were seen (Figure 3B).
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Control AAV-BDNF Control AAV-BDNF

48 hrs 72 hrs 5 days 7 days 10 days

MOI=100 364423 39075 759+43 988+79 182137

MOI=200  453+89 879+59 1352+24 1993+47 2253+46
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Control AAV-BDNF
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15 * 1200
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Figure 2. Overexpression of rAAV-mediated BDNF in
cultured neurons. A. Up, RT-PCR analysis of BDNF
overexpression in cultured neurons. Line 1 and 3 in
agrose gel electrophoresis represented the mRNA
level of BDNF in control neurons. Line 2 and 4 repre-
sented the mRNA levels of BDNF in neurons infected
with rAAV-BDNF at MOI=50 and MOI=100 respec-
tively for 72 hrs. Bottom, ELISA analysis of BDNF
overexpression in cultured neurons. Neurons were
infected with rAAV-BDNF at MOI=100 and MOI=200
respectively for indicated times. The cultured super-
nate was collected and assayed with BDNF antibody
for Elisa assay. B. Immunocytochemistry of MAP2
showed the number of dendrites in hippocampal
neurons infected with or without rAAV-BDNF. C.
Quantification of the dendrites numbers and the
total dendrite length in response to different treat-
ments (n = 30; *, P < 0.01).

To further elucidate if overexpressing BDNF by
rAAV-mediated gene delivery could protect cell
death in vivo, we used MCAO model, an animal
model mimicking clinical stroke and in which
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massive neuronal death is observed in neocor-
tex, hippocampus, striatum and hypothalamus
after reperfusion and could be assessed by TTC
staining. Adult male SD rats were received in-
tracerebroventrical (i.c.v.) injection of either
rAAV-BDNF viral particles or rAAV empty vector
viral particles serving as control. After recover-
ing for 14 days, MCAO were conducted to both
control and experimental groups for 0.5 hr and
reperfusion was achieved by withdrawing the
suture 10 mm and lasted for 2 hr. TTC staining
on coronal brain slices at the level of 8 mm post
frontal pole indicated that the infarct areas in-
cluded several brain regions such as neocotex,
hippocampus, striatum and hypothalamus in
control group. However, in rAAV-BDNF group,
the volume of the infarct area was dramatically
decreased because only a mild damage in neo-
cortex and few necrosis/apoptosis was seen in
hippocampus, striatum or hypothalamus (Figure
3C). Taken together, rAAV-BDNF was able to
protect neurons from apoptosis/necrosis both
in vitro and in vivo, suggesting that the poten-
tially functional relevance of rAAV-mediated
BDNF overexpressing in treating neurological
diseases such as ischemia and stroke.

Discussion

In our study, three major points were presented:
1) rAAV vector carrying BDNF gene could be
able to sufficiently increase mature BDNF ex-
pression at both mRNA and protein levels. 2)
rAAV-mediated BDNF overexpession in cultured
neurons promoted dendritic outgrowth and in-
hibit neuronal loss induced by serum depriva-
tion. 3) In vivo injection of rAAV-BDNF into
brains challenged with ischemic insults had
neuroprotective effect on neurodegeneration.

Initial treatment for neurodegenerative disease
is largely dependent on diagnosis of underlying
disorder. Medication usually relieves the symp-
toms but could not cure the disease thoroughly.
For example, treatment with L-dopa can inhibit
symptoms of Parkinson's disease for a short
time, but this could also be able to accelerate
the symptom. And most of the efforts are being
made to stabilize cognitive function at the level
existing at time of diagnosis and treatment.

Gene therapy is the introduction of genetic ma-
terial into cells for therapeutic purposes. The
two classic delivery systems include viral vector
systems and non-viral techniques. Gene therapy
based on adeno-associated virus (AAV) is widely
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accepted and with most potential to be applied
in clinical use concerning its non-pathogenic
property compared with other viruses. Clinical
trials have been initiated in which rAAV vectors
are used to deliver genes, some trials are cur-
rently in phase | or Il.

Neurotrophic factors are key regulatory proteins
in central nervous system that modulate neu-
ronal survival, axonal growth, synaptic plasticity
and neurotransmission. The dysregulation of
neurotrophic factors has long been demon-
strated participating in multiple aspects includ-
ing neuronal development and plasticity as well
as in neuropathogenic processes. Thus manipu-
lation of neurotrophin receptors as well as its
downstream signaling pathways has been tried
to be applied in clinical, i.e. the epidermal
growth factor receptor (EGFR) inhibitor in treat-
ing certain types of cancer [29-32].

Currently, the application of gene therapy in
neurobiological diseases is hindered due to its
inherent difficulties. Apparently, direct injection
into the target tissue may be required for most
such diseases since blood-brain barrier (BBB) is
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Figure 3. Pro-survival effect of rAAV-
mediated BDNF in cultured neurons and in
rat. A. Overexpression of rAAV-BDNF
strongly inhibited serum-starvation-
induced cell death. Neuronal apoptosis
was assayed by actin staining. Cultured
neurons were serum-starved for 48 hrs at
DIV 8 and then examined by immunocyto-
chemistry of actin. (Scale bar, 40 ym). B.
Overexpression of rAAV-BDNF strongly
inhibited serum-starvation-induced cell

Apoptosis Percent  death. Neuronal apoptosis was assayed by

PI/DAPI staining. Cultured neurons were
serum-starved for 48 hrs at DIV 8 and
then assayed by Pl and DAPI staining.
* (Scale bar, 400 pm). Quantification of
apoptosis ratios of neurons measured in
the starvation models respectively (n = 10;

Control AAV-BDNF *» P < 0.05). The basal control ratios were

normalized to 100% and then the rAAV-
BDNF group represented as a ratio of con-
trols. C. TTC-stained brain slice at a level 8
mm from the frontal pole. The brain slice
is normal after 2 hours of temporary
MCAO in sham group. However, hypotha-
lamic infarction was seen after 2 hours of
temporary MCAO in control group, and
hypothalamic infarction was showed to be
smaller in the rAAV-BDNF injection group.

a substantial obstacle. Concerning that most of
the neuronal cells in adult are non-dividing cells,
neural tissues can not be treated with retrovi-
ruses. Therefore, adeno associated vectors
(AAV) are developed. The combination of AAV
carrying neurotrophic factor genes would be of
great potential because of the vector's non-
pathogenic property as well as the wide spec-
trum functions of neurotrophic factors. One of
the key steps in rAAV-mediated gene delivery is
the integration of virus DNA into host cells and
continuously transcribing functional products
and finally producing sufficient neurotrophines
to overcome the insults-induced cell damage.

We successfully generated rAAV vector carrying
BDNF, and the increase of BDNF at both mRNA
and protein levels were observed in infected cell
lines as well as in cultured neurons assessed by
RT-PCR and western blotting. Further more, this
high level BDNF could dramatically promote
neurite outgrowth and inhibit apoptosis induced
by serum deprivation. This result illustrated that
rAAV mediated overexpression of BDNF func-
tions at similar extent with application of ma-
tured BDNF protein [25]. Meanwhile, the infec-
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tion of viral particles showed little toxicity on cell
survival (data now shown). In vivo study showed
that single injection of rAAV-BDNF had neuropro-
tective effect against cell death by significantly
reducing the infarct size after middle artery oc-
clusion. Taken together, these results demon-
strated the functional relevance of rAAV medi-
ated BDNF delivery in protecting cell from death
induced by ischemic insults. However, whether
other neurotrophic factors or the combination of
multiple neurotrophin genes delivered by rAAV
would potentiate the neuroprotection by BDNF
is required to be further explored.

Another important issue which would also be
the advantages of using rAAV-mediated gene
delivery into central nervous system to achieve
gene therapy is that most of the neuronal cells
are post-mitotic cells which means that they are
non-dividing. This brought the notion that single
injection of viral particles would be sufficient to
reverse cell death and the related behavioral
consequence. The identification of effects on
post-traumatic injection of rAAV-BDNF and the
time from the injury to injection of rAAV vectors
is needed.
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