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Abstract
Background/aim: spinal cord injury (SCI), as leading causes of death and disability in worldwide,
commonly threatens human health, and brings heavy burden to the family and the society, which is
needing to develop new technique for the treatment of this diseases. Gene therapy, as conventional
approaches to target certain pathophysiological process, has well been considered for biological
therapy, but the efficiency is waiting to be improved. Here, we explore the effect of HSV BDNF
releasing in local region in spinal cord injury condition. Methods: Adult Sprague–Dawley rats were
randomly divided into sham group, SCT group, SCT-BDNF administrated group and SCT emptyvector group. After constructed the HSV-BDNF recombinant, they were transfected the motor neurons
in the injured site of spinal cord. Moreover, stereology was used to determine the expression of
BDNF in motor neurons. Meanwhile, the number of CD68 positive staining was detected to evaluate
the inflammatory reaction in injected area. Lastly, BBB scores were utilized for assessing the motor
function of hindlimbs. Results: HSV-BDNF recombinant was successfully constructed and transfected
into neurons. BBB scores showed that HSV-BDNF administration could promote the improvement
of hindlimb function, and HSV-BDNF injection can induce an inflammatory reaction, partly. These
suggested that HSV-BDNF administration improve motor function and induce inflammation in injured
spinal cord. Conclusions: The present results indicate that HSV-BDNF injection can promote the
recovery of motor function and induce a slight inflammatory reaction in SCT rats. The mechanism
may relate to the improvement of neuronal activity. The present findings therefore provides a novel
therapeutic strategy for clinical treatment of SCI by releasing BDNF in local region.

Introduction

Spinal cord injury (SCI) is one of the serious threatening
diseases to human health, with increasing year by yea
under development of modern traffic and building industry.
SCI contributes commonly to the high mortality, disability
and low life quality (Zompa EA, et al., 1997; Zhang Q,
et al., 2003), in which, severe neurologic deficits induce
permanent life-long impairments of motor, sensory and
autonomic nervous system functions (Rossignol S, et al.,
2007), resulting in grave negative impacts on the physical
and emotional health of patients as well as their families
(Steward O, et al., 2012). Generally, clinical symptoms
after SCI are usually the resulted from profound cellular
and molecular alterations in the injured microenvironment
(Hausmann ON, 2003). Simultaneous, physical injury
to the spinal cord, known as primary injury, disrupts cell
membranes, myelin and axons, and vessels, which in turn
trigger inflammatory events and secrete oxidative and
proteolytic enzymes to cause tissue damage, designated as
second injury (Hausmann ON, 2003; Raghavendra S, et al.,
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2016). Currently, apart from well-established medical and
surgical treatment, various non-surgical treatment modalities
have been available and fruitful (Vera Trofimenko, et al.,
2016). In addition, all sorts of trophic factors play critical
roles in the rebuilding of the axonal pathway, neuronal
migration and the recovery of motor function (Kennedy
TE, et al., 1994).
BDNF, one of the secreted proteins in the neurotrophic
factors family, is mainly expressed in brain (Yan Q, et
al., 1997). Furthermore, the level of BDNF is gradually
declined from embryonic stage to maturity in the spinal
cord. In adult animals, the BDNF protein is mainly
expressed in anterior horn motor neurons, which indicates
that BDNF may be associated with the functional
maintenance of spinal cord (Maisonpierre PC, et al., 1990;
Dougherty KD, et al., 2000; Zhou XF, et al., 1994; Goto
A, et al., 1995). Sharma revealed that BDNF has the effect
of alleviating edema by down-regulating the expression
of heat shock protein (HSP) and Heme Oxygenase (HO2) after SCI (Sharma HS, et al., 2000). Dougherty pointed
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out that BDNF was increased in local damage after SCI,
and the positive numbers of macrophages and astrocytes
were obviously increased (Dougherty KD, et al., 2000).
Therefore, BDNF should be a hotspot in the field of
neuroscience, for the treatment of SCI in clinic. Previously,
combination of BDNF with cell transplantation, or
intrathecal local injection of exogenous BDNF showed
an optimal result on the functional recovery after SCT
(Yao ZG, et al., 2015; Wang YF, et al., 2008). However,
immunoreaction of cell transplantation and the transient
maintence of recombinant protein for BDNF limit the
usage of BDNF in clinic practice. Therefore, novel
technique to release BDNF in longtime is needing to be
developed, to accelerate of translational practice of BDNF.
In this study, we induced a SCT model and constructed
recombinant retrovirus vector HSV-BDNF, then explore
effect of BDNF releasing in longtime in promoting the
functional recovery of the spinal cord after SCT, which
may provide certain theoretical basis for the treatment of
SCI in clinic.

Material and Methods
Animals and grouping
Adult female Sprague–Dawley (SD) rats weighing
180-220g,purchased from Sichuan Provincial Laboratory
Animal Public Service Center, were utilized for this study.
They were housed in individual cages and supplied by
available food and water. Animal care and all experimental
protocols were approved by Animal Care Committee of
Sichuan University, West China Hospital, China. The
animals were randomly divided into the following groups:
sham group (n = 10), SCT group (n = 10, SCT), SCTBDNF group (n = 10, SCT+HSV-BDNF). SCT, and sham
one was subjected to empty vector injection.
SCT surgical procedures
All rats were anesthetized with 3.6% chloral hydrate (10ml/
kg) via intraperitoneal injection and placed in a prone
position. A midline skin incision was made at the thoracic
area (T8-T12), and paravertebral muscles and supraspinal
ligaments were separated. The rats underwent a T12-L2
laminectomy, was continuously subjected to expose spinal
cord about 1cm, located in thoracic L3-L5 cord. A total of
2 μl of BDNF-ORF and BDNF empty vector suspensions
(1x107/ml) were injected into spinal ventral horn at the L4
segment. Then, rats were received complete spinal cord
transection at L2 cord. The surgical wounds were then
ligated with a 3-0 silk suture, and the models were received
Cefotaxime Sodium (2.5%, 0.5ml) for 7d. After surgery,
the rats were maintained in an isothermic cage until
recovery. Each rat was received manual bladder expression
twice daily until the recovery of sphincter control.
The preparation of recombinant carrying BDNF
gene by molecular clone technology
BDNF cDNA preparation
In order to obtain BDNF cDNA, the total RNA was
extracted from human brain, and subjected to reverse
transcription in order to get BDNF cDNA(First chain).

By using PCR technology, BDNF cDNA was as template
to produce the second chain of BDNF gene. Then PCR
technology was used to produce BDNF gene products.
In this process, a mix system containing BDNF cDNA
template, taq DNA polymerase, primer in buffer was
prepared. When temperature was higher 90°C, the double
strand of DNA was open, then primer can combined to the
DNA template according to the base bair co-recognition
principle. Meanwhile, the base like A, T, C, G in the buffer
can combined to the BDNF DNA template guidanced by
primer, and screwed by taq DNA polymerase, When the
temperature get down to 72°C or so. Then attached A, T, C,
G combine to the template and elongate gradually. When
the first circle was compteted, two BDNF DNA template
become four. The new reaction begin and repeat above
program, till arrive 30 circles. When the BDNF gene has
been produced largely, the reaction was stopped. In order
to get BDNF gene products, the reaction solution was run
in the 1% argosy gel, labelled by ethidium bromide. Then
under violet light, the gel strand containing BDNF gene
was cut, and expirenced digested and purified in colum.
Lastly, the purified products were prepared to construct
recombinant.
Intermediates Plasmid Construction
HSV vector was purchased from Shendeyan Company in
PeKing. In order to acquire the non-replication HSV, the
ICP27, ICP4 and ICP34.5 in HSV farms have to be deleted
by using homologous recombination method. The detail
experiment steps was as following.
Plasmid preparation
Psp72 plasmid was used in this study. First of all, pSP72
plasmid was cut by using enzyme to expose the site that
could be combined with target sequence. Meanwhile,
the homologous sequence located in two sides fLAT was
amplified by PCR technology, then inserted and linked into
the pSP72 plasmid. Then the promoter named as CMV, and
other elements including WPRE, Ploy A was constructed
into the plasmid together, called intermedia plasmid.
BDNF Recombinant Construction
When BDNF cDNA was prepared, recombinant was
produced by linking BDNF cDNA into HSV vector. Before
linking, BDNF sequence has been checked by sequence
analysis. Meanwhile, the vector was digested to expose
the junction site under the suitable condition, BDNF gene
was prepared before added into vector, supported by
linking enzyme. Then last products together vector with
BDNF gene called recombinant was identified by enzyme
digestion and electrophoresis detection.
Enveloping recombinant by HSV
In order to produce non-replication virus enveloped
recombinant, experiments were experienced next steps.
Non-replicated HSV preparation
In order to produce non-replicated HSV, original HSV
was containing the capacity including replication and
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toxicity was re-constructed by homologous recombination
technology to delete the segments of ICP 27, ICP4 and
ICP34.5.
Preparation of enveloped plasmid
In order to produce the enveloped protein that is similar
to virus, ICP27 gene, ICP4 gene was constructed into
plasmid. Labelled neomycin, and selected in vero cell line
by neomycin to acquire the recombinant containing ICP27,
and ICP4 gene, respectively.
Non-replicated HSV constructed
In order to a produce the non-replicated HSV, recombinant
plasmid containing ICP27, and ICP4 was mixed into the
solution that containing the CMV-BDNF recombinant. In
this system, ICP27 and ICP4 protein was produced from
ICP27 and ICP4 recombinant and begin to envelop the
CMV-BDNF recombinant in OGOL cell line.
HSV-BDNF recombinant injection
HSV-BDNF recombinant prepared was directly injected
into spinal ventral horn under stereotaxic apparatus.
The volume of solution is 3μl. When the glass needle
was pierced into spinal cord, the 3 microliter solution
containing HSV-BDNF was released slowly and last 5
minutes so as to keep the solution could be stored in the
ventral horn.

for 24h. This was followed by a continuous wash in 0.01%
PBS buffer 3 times for 5 minutes of each. Subsequently, the
second antibody labelled biotin was used to incubate tissue
so as to get the chance to combine with primary antibody.
Then, another wash was performed to remove the second
antibody adhering the background of tissue, especially in
extracellular component. Subsequently, avidin in labelled
horseradish peroxidase was used to link the biotin linked
with second antibody. After washed again, sections was
developed a color stain by using DAB in 1% H2O2 condition
to catalyze the reaction. Lastly, the sections were observed
under microscope (Leika, Germeng), and the performance
of CD68 positive cells in needle hole was described, and
compared with control one.
Evaluation of moror function
Rats in each group are processed with motor behavior
assessment by three double-blind researchers at 3, 7, 14, 28
days after HSV interjection, refered by BBB scores.

Statistics
SPSS 17.0 version with One-Way ANOVA method was
used to analyze the data. The statistic difference between
each group was expressed as mean ± SD. P<0.05 indicates
a statistical difference between two group. P<0.01 indicates
statistical difference is greatly.

Results
Recognition of HSV-BDNF recombinant to label
neurons in ventral horn
Three days after injection, motor neurons in ventral horn,
specifically in lamina IX was observed to detect the
transfection of HSV-BDNF. The positive cells emitting
green fluorescence was captured under fluorescent
microscope.
The measurement of BDNF expression in motor
neurons
By using the stereology, the fluorescent intensity of BDNF
staining in motor neurons at 5 days after injection was
measured to represent the expressional of BDNF. The value
of optic density could represent the level of BDNF in cells.
The intensity was thought to be consistent as the level of
BDNF. Only that cells exhibited nuclear could be sure to
be as positive cells. 5 sections from each animal, and 2-3
cells from each section was chosen to quantify the BDNF
expression. All data were lastly experienced statistical
analysis.

Detection of inflammation reaction
To detect inflammatory reaction in HSV-BDNF injection
region, CD68 antibody was used to label the macrophage in
injected zone. Immunohistochemical staining was performed
in experimental process. When sections were prepared in
microtome minus 20°C incubator, they were incubated
into PBS buffer containing 3% H2O2 in order to squeeze
endogenous horseradish peroxidase. Then sections were
washed by 0.01% PBS buffer, followed by an incubation in
primary antibody (CD68, rabbit, 1:500, Santa Cruz) at 4°C

Recognition of recombinant
The frame plasmid was shown in Fig1A. Recombinant
containing BDNF gene was successfully constricted, and
the result of electrophoresis detection to recognize the insert
that corrected BDNF gene has been shown in Fig 1B.
Evidence of recombinant enveloped virus protein
After recombinant plasmid containing BDNF gene was
mixed with the other recombinant containing ICP27 and
ICP54, the new recombinant has constructed in which
a containing BDNF plasmid was located inside, and the
protein from ICP27 and ICP54 plasmid from the membrane
in outside, and they can transfer the vero cell line with green
fluorescence(Fig 2).
Evidence on HSV-BDNF transfecting motor neurons
Under fluorescent microscope, green fluorescence could
be seen in cytoplasm of motor neurons located in ventral
horn, specifically in lamina VIII and IX of the spinal cord,
neurites are which confirm the HSV-BDNF recombinant
has infected the motor neurons both cytoplasm and neurite
processes. However, no any green fluorescence could be
seen in saline injection group (Fig 3).
Determination of BDNF level in motor neurons
According to the fluorescent intensity, we quantify the level
of BDNF in motor neurons. The quantitative analysis showed
that the optic density of BDNF staining in transfected HSVBDNF group has largely increased, approximately 2 times,
more than in saline group (Fig4).
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Figure 1 Construction of BDNF recombinant. The empty vector carrying BDNF was shown in A; B is for identification of BDNF gene that has
been inserted into plasmid.

Figure 2 HSV-carrying BDNF recombinant can successfully transfered into vero cells which emit green fluorescence.
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Figure 3 HSV-BDNF transfection increased BDNF level in motor neurons of the spinal cord. (A) SCT group; (B) HSV-BDNF administrated
group. Arrow showed positive neurons for BDNF.

Figure 4 Comparison between two groups on the relative OD value of BDNF in motor neurons.
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Figure 5 CD68 staining near the needle hole in the spinal cord. The bulk of CD68 positive cells could be seen in the hole and migrate outside
in the spinal cord. A showed CD68 staining in SCT group, and B is for HSV-BDNF injection group.

Figure 6 Assessment of motor function. Improvement of motor function in hind limbs of HSV-BDNF administrated rats is optimal than in SCT
rat, only.

Evidence of inflammatory reaction
In this study, we detected the CD68 positive staining in needle
hole. Consequently, many CD68 positive cells could be seen
and elongated in the needle hole. Some of CD68 positive
have migrated needle hole and approached the neurons. These
confirmed that inflammatory reaction has occurred under
HSV-BDNF micro fluid injected setting (Fig 5).

Behavior test
In order to test the effect of BDNF administration from
transgenic strategy, we evaluated the behavior change in
hind limb, marked by BBB scale. It is very marked that
the BBB score lost immediately in evaluated period at 1
day when the spinal cord has been completely transected.
However, with the time going on, hind limb function gets
a small recovery from 7 days to 21 days. Comparatively,

146

Xing RX, et al. / Ibrain 2015;1(5):141-149

HSV-BDNF administration results in a marked increase on
the motor function in hind limb, which showed increased
BDNF in motor neurons could contribute the recovery of
locomotors function (Fig 6).

Discussion

In this study, we successfully induced SCT models via
spinal cord transection, then constructing the HSVBDNF expression vectors to reveal the effect of BDNF
administration for its potential clinical utilities. Previously,
the bulk of factors or regulators presented differential
expression after SCI, in which, BDNF is the most important
one (Li XL, et al., 2007). Based on previous evidence that
BDNF is a crucial molecular to increase the expression in
motor neurons, we explore the effect of BDNF releasing in
ameliorating motor deficits in SCT rats, so as to provide this
translational medicine evidence for BDNF development and
administration in clinic. Our results showed an innovative
discovery, which could be conducive to exploit a novel
therapeutic option for clinical treatment of SCI, using HIVcarrying BDNF technique.

The monitoring model successful
In this study, we performed the SCT by checking in naked
eye combined with silk validation (a silk was used to pass
from the base of cord, then take the silk to go through the
cut site). In later work, Magnetic Resonance Imaging (MRI),
as a non-invasive means, should be commonly utilized to
evaluate the change of histomorphology. Advances in MRI
technology have made it an essential tool in imaging of
spinal trauma and is the gold standard for detecting injuries
to the spinal cord (Arafat MH, et al., 2016). MRI can
correctly identify disruptions of tissues and be very sensitive
in detecting SCI (Morais DF, et al., 2014). In this study, we
confirmed the SCI model has been successfully induced.
Therefore, we can draw a conclusion by sild check to verify
the correctness of the models, and should be the modality of
choice in evaluating spinal injuries (Zhang JS, et al., 2014).
Successful construction of recombinant is vital for
foreign genes releasing
Herpes simplex virus (HSV) is an enveloped, doublestranded (ds) DNA virus (Roizman B, et al., 2007). The
virus life cycle begins with virus attachment to the host
cell mediated by viral glycoproteins. One mode of HSV1 entry is by endocytosis (Nicola AV, et al., 2004), and the
other is virion fusion at the plasma membrane, which is pH
independent and requires participation from multiple viral
glycoproteins and cellular receptors. In this study, HSVBDNF recombinant is successfully obtained, then injected
into the spinal cord of the rats. The virus envelope contains
several glycoproteins that can mediate entry manner to host
cells due to the recognition of specific receptors. Recent
advances and current applications of existing vectors are
still focused in improving the properties of these vectors,
in particular in modulating the intensity and time-course of
transgene expression (Puskovic V, et al., 2004). In this study,
the recombinant HSV-BDNF was successfully constructed
that is the vital for the entire process of transfection. It

therefore provides the possibility the releasing of exogenous
genes surrounding the spinal cord injured site.

The relationship between micro-injection and
inflammatory
As we all know, injection is one of the important health care
procedures used globally to administer drugs. However,
the current study provides evidence showed that injections
of drug can induce a series of local complications such as
phlebitis, cellulitis, and necrosis and so on (Gyawali S, et
al., 2013; McGee AM, et al., 2002; Anton AK, et al., 2016).
In addition, some researchers suggest that development
of inflammation can be caused by high concentration of
active drug substance (Dadaci M, et al., 2015; Urakov A,
et al., 2014). Therefore, the injection, unwittingly, renders
a serious of inflammatory response, and the most common
hypothesis is to damage an end artery and release various
cytokines and inflammatory medium (Pillans PI, et al.,
1995; McGee AM, et al., 2002, Orlando A, et al., 2007).
In this study, several CD68 positive cells have been found
around the injury site, suggesting the inflammatory reaction
occurred in the injured site. Therefore, injection may underly
the direct reason for inducements of inflammatory. In
future, though the limitations of technology, the underlying
mechanism for inflammatory and inhibitory strategy keeps
being resolved.
The significant role of BDNF in spinal cord
It is clear that BDNF plays a momentous role in organizing
the response of the genome to the extracellular environment.
BDNF has emerged as one of the most pivotal signaling
molecules for the developing nervous system as well as
the impaired nervous system (Hu Y, et al., 2008). BDNF
is abundantly expressed and widely distributed in the
CNS, suggesting it’s momentous role during physiology
and pathology (Connor B, 1998; Murer MG, et al., 2001).
It has been known that BDNF has clearly acted as a
major regulator of synaptic plasticity and a key target in
neurological diseases (Hu Y, et al., 2008). Evidence shows
that BDNF up-regulation is associated with seizure activity,
while BDNF increasement may play a role in the recovery
of CNS. In a word, BDNF regulates specific gene level via
distinct signaling pathways, thereby modulating excitatory
and inhibitory neurotransmission and synaptic plasticity to
promote the recovering of CNS injury (Hu Y, et al., 2008).
In this study, we confirmed the crucial role of BDNF in
motor improvement, by HSV-carrying BDNF releasing
locally. Our technology and strategy provided the important
link for the usage of BDNF in clinic.

Conclusions

Together, our data have demonstrated that BDNF plays a
crucial role in promoting the recovery of motor function in
SCT rats, by local HSV-BDNF administrated technology.
Our findings are available to push the translational research
of BDNF so as to reach the aim for the development of
BDNF in clinic practice on the treatment of neurological
disease. In addition, the mechanism or regulating signals on
the role of BDNF in neurological disease is waiting to be
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studied. All of these will be extraordinary important to the
success of molecular therapeutics for the treatment of SCI.
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