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Abstract: Objective: We discussed the repair of spinal cord injury (SCI) in rats by subarachnoid transplantation of
Schwann cells (SCs) transfected with bcl-2 gene. Method: Rat spinal cord injury (SCI) were cultured in vitro and
transfected with B-cell ymphoma 2 gene (bcl-2 gene) using Ad-EGFP (Enhanced Green Fluorescent Protein) vector.
Three groups were set up: control group, negative transfection group and bcl-2 gene transfection group. The bcl-2
gene expression at 3 d and 14 d after transfection was detected by using Western Blot. Among 83 adult female SD
(Sprague Dawley) rats, modeling was successful in 72 rats. These rats were randomly divided into control group,
Schwann cells (SCs) group and bcl-2-Schwann cells (SCs) group, with 24 rats in each group. Schwann cells (SCs)
model was built by modified Allen’s method. Basso Beattie Bresnahan (BBB) scoring and inclined plate test were
performed before modeling and at 1 d, 3 d, 1 week, 2 weeks, 3 weeks and 4 weeks after modeling, respectively.
The gene and protein expressions of glial fibrillary acidic protein (GFAP) and neurofilament heavy (NF-200, neu-
rofilament-200) in the region of spinal cord injury (SCI) were detected at 7 d after modeling by using RT-PCR and
Western Blot, respectively; the nerve cell apoptosis was detected by TUNEL assay. The tissues were harvested at
4 weeks after modeling and made into pathological sections for (HE, hematoxylin-eosin staining) and fluorescence
microscopy of survival and distribution of EGFP (Enhanced Green Fluorescent Protein)-labeled Schwann cells (SCs).
HRP (Horseradish Peroxidase) retrograde tracing was adopted to visualize the nerve repair. The electrophysiol-
ogy of the nerve injury was observed by somatosensory evoked potential (SEP) and motor evoked potential (MEP)
monitoring. Results: Western Blot showed that the bcl-2 gene transfection of Schwann cells (SCs) using Ad-EGFP
(Enhanced Green Fluorescent Protein) vector led to stable expression of bcl-2. The bcl-2-Schwann cells (SCs) group
had improved lower limb motor function compared with the Schwann cells (SCs) group, and the lower limb motor
function was the worst in the control group. At 72 h after modeling, the number of apoptotic cells in the bcl-2-
Schwann cells (SCs) group was significantly lower than that of the other two groups (P<0.05). At 7 d, the gene and
protein expressions of glial fibrillary acidic protein (GFAP) and (NF-200, neurofilament-200) in the bcl-2-Schwann
cells (SCs) group were significantly upregulated compared with the control group and the Schwann cells (SCs) group
(P<0.05). At 4 weeks, (HE, hematoxylin-eosin staining) revealed the spinal cord defect and the forming of cavity in
the spinal cord in the control group with the absence of neural axis. A few neural axes were seen in the injury region
of the Schwann cells (SCs) group with cavity of smaller size. More neural axes were observed in the bcl-2-Schwann
cells (SCs) group and no cavity was found. Moreover, the bcl-2-Schwann cells (SCs)group had greater number of
EGFP-positive cells than the Schwann cells (SCs) group, and the control group had the least positive cells, showing
significant difference (P<0.05). The bcl-2-Schwann cells (SCs) group had the largest number of HRP-positive nerve
fibers, while the control group had the least, and the differences between the groups were of statistical significance
(P<0.05). At 4 weeks after modeling, the SEP and MEP latencies were significantly shorter in the bcl-2-SCs group,
and the Schwann cells (SCs) group had the second shortest SEP and MEP latencies (P<0.05); the wave amplitude
was significantly higher in the bcl-2-Schwann cells (SCs) group than in the Schwann cells (SCs) group and the control
group (P<0.05). Conclusion: Subarachnoid transplantation of genetically modified Schwann cells (SCs) promoted
the regeneration of the injured synapses. The gene and protein expressions of GFAP and NF-200 in the injury region
were upregulated in rats, accompanied by decreased apoptosis of the nerve cells and improved limb motor function
and electrophysiological result.
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Introduction

Spinal cord injury (SCI) is very difficult to repair
clinically in spite of many techniques trialed,
including promotion of axon regeneration, red-
uction of inhibitory factors, peripheral nerve
transplantation and reflex arc reconstruction
[1]. The major reasons for difficult nerve repair
include the loss of nerve cells in the spinal
cord, reduced secretion of neurotrophic factors
and the presence of factors inhibitory to axon
regeneration [2]. Secondary injuries usually
ensue after Spinal cord injury (SCI), also leading
to poor nerve regeneration. Nerve cell apopto-
sis is one of the most devastating secondary
injuries [2]. Schwann cells (SCs) play an impor-
tant role in the repair of injured central nervous
system [3, 4] by secreting neurotrophic factors
and removing the scar tissues and local nec-
rotic tissues [5]. The role of Schwann cells
(SCs) in the repair of Spinal cord injury (SCI) has
been particularly studied in recent years [6, 7].
Programmed cell death is another factor aff-
ecting the repair of Spinal cord injury (SCI). Pro-
apoptotic genes and anti-apoptotic genes are
two major regulators of cell apoptosis [8]. High
expression of bcl-2 can prevent cell apoptosis
[8, 9], such as the liver cancer cells [10]. Along
with the development in genetic engineering,
gene therapies are now more commonly applied
to the treatment of Spinal cord injury (SCI). The
key to the success lies in the introduction of rel-
evant genes into the host cells and the high,
stable expression of the introduced genes [2].
However, the feasibility of bcl-2 gene transfec-
tion of Schwann cells (SCs) to the treatment
of Spinal cord injury (SCI) has not been fully
elucidated.

Intraspinal transplantation of the cells is more
common clinically [11] with the insertion of
the needle directly into the spinal cord. But
this procedure requires the opening of the ver-
tebral plates, causing secondary injury to the
spinal cord and the release of inflammatory
mediators, which will reduce the survival rate
of seed cells and then impede nerve repair
[12]. Besides, intraspinal transplantation is
not fit for multi-lesion treatment [13] or repe-
ated surgeries. Subarachnoid transplantation
can overcome this defect and exhibits higher
applicability.

We performed subarachnoid transplantation
of Schwann cells (SCs) transfected with bcl-2
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gene. The Basso Beattie Bresnahan (BBB)
scores were obtained to characterize the out-
come of nerve repair. The gene and protein
expressions of glial fibrillary acidic protein
(GFAP) and neurofilament heavy (NF-200) in
the injury region were detected along with cell
apoptosis and electrophysiology of the inju-
red nerves. Based on these detections, we
discussed the treatment effect of subara-
chnoid transplantation of genetically modified
Schwann cells (SCs) in Spinal cord injury (SCI).

Materials and method

The randomized controlled animal experiment
was designed

Experimental animals: Two healthy male new-
born Wistar rats were provided by Laboratory
Animal Center of Neurosurgical Institute of
Zhengzhou University. In the meantime, 86
healthy female SD (Sprague Dawley) rats (pro-
vided by Laboratory Animal Center of Zheng-
zhou University) weighing 250-300 g were ran-
domly divided into the following groups: control
group, negative transfection group (transplan-
tation of Schwann cells (SCs)), and bcl-2 gene
transfection group (transplantation of Schwann
cells (SCs) transfected with bcl-2 gene). The
rats were reared at the constant temperature
of 23-27°C and 50-70% humidity. The rats were
allowed free access to conventional granular
feed and sterilized water, and they were fasted
from food and water at 1 d before experiment.

Reagents and equipments: D-Hank’s solution
(Hyclone, USA), trypsin (Sigma, USA), collage-
nase (type Xl, Sigma), fetal bovine serum
(Gibco, USA), DMEM (Hyclone), bacterial incu-
bator (Heraeus, Germany), poly-L-lysine (Sig-
ma), cytarabine (Sigma), 100 U/ml penicillin
(Hyclone), streptomycin (Hyclone), forskolin and
bFGF (Sigma); disodium hydrogen phosphate,
monosodium phosphate, RIPA lysis buffer, and
BCA protein assay kit (Beyotime), Bcl-2 1gG anti-
body (Santa Cruz, USA), biotinylated goat anti-
rabbit 1gG (1:500, CUSABIO Biotech Co., Ltd.),
microtome (Leica CM 1900, Germany), mouse
anti-NF20 1gG1 (Santa Cruz, USA), rabbit anti-
GFAP IgG (Santa Cruz, USA), acid guanidinium
thiocyanate-phenol-chloroform (Sigma), (elec-
tromyography, EMG) & evoked potential resp-
onse unit equipment (Keypoint).
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Method

In vitro culture, purification and identification of
Schwann cells (SCs): Referring to literature [2],
the sciatic nerve was detached under sterile
condition with the assistance of microscope.
Schwann cells (SCs) were digested with 0.25%
trypsin/0.2% collagenase for 40 min and cen-
trifuged at 10004/min for 5 min. Then the cells
were added with DMEM/F12 medium (contain-
ing 10% FBS, fetal bovine serum) and cultured
at 37°C in a 5% CO, incubator for 30 min. The
fibroblasts were removed by differential adher-
ence, and after 24 h, 100 uL | cytarabine (Ara-
C, 10-5 mmol/L) was added to further eradi-
cate the fibroblasts. SCs of the fourth
generation were grown on the coverslip for 48
h, washed with PBS three times and fixed in 4%
paraformaldehyde (pH=7.4) at room tempera-
ture for 20 min. The cells were washed again
three times in PBS and cultured with primary
antibodies to (myelin basic protein, MBP) at
4°C overnight using a wet box. After washing
with PBS three times, secondary antibodies
were added to culture the cells at 37°C in an
incubator for 2 h. Next the cells were stained
with DAPI (4',6-diamidino-2-phenylindole) for
10 min and washed with PBS three times. The
cells were sealed with mounting medium.
Following in vitro culture, the Schwann cells
(SCs) were transfected with bcl-2 gene using
Ad- EGFP (Enhanced Green Fluorescent Protein)
vector. Three groups were set up: control group,
negative transfection group (SCs group) and
bcl-2 gene transfection group (bcl-2-SCs group).
At 2 days before transplantation, the log phase
Schwann cells (SCs) were harvested, centri-
fuged and added with the culture medium. The
cells were repeatedly blown to form a single-
cell suspension. The cells were counted with
cell density adjusted to 1*108/ml. In the culture
flask the stocking solution containing bcl-2-Ad-
EGFP particles was added with multiplicity of
infection (MOI) of 200PFU per cell. The solution
was cultured in an incubator for 48 h and cen-
trifuged with supernatant discarded. Then the
cells were blown again to form a single-cell sus-
pension and counted. With the cell density
adjusted to 2*107/ml, the cells were placed on
ice. In the meantime, Schwann cells (SCs) sus-
pension (2*10%/ul) was prepared and placed
on ice. Trypan blue staining was performed
over the remaining cell suspension after trans-
plantation so as to determine the cell survival
rate.
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Detection of bcl-2 protein expression at 3 d
and 14 d after transfection by Western blot:
The cells were harvested into the culture flask
at 3 d and 14 d after transfection. After lysis,
total protein extraction was performed, and the
protein was assayed by plotting the standard
curve. The proteins were then analyzed by 10%
SDS-PAGE (sodium dodecyl sulfate polyacryl-
amide gel electrophoresis) electrophoresis and
transferred to PVDF (Polyvinylidene Fluoride)
membranes. The primary antibody was rabbit
anti-bcl-2 1gG and the secondary antibody was
biotinylated goat anti-rabbit IgG. The X-ray films
were scanned and analyzed by Quantity One
software. The optical density of each band was
measured and expressed as absolute optical
density [14].

Establishment of rat spinal cord injury (SCI)
model by modified Allen’s method: The rats of
all three groups were anesthetized by intraperi-
toneal injection of 10% (v/v) chloral hydrate,
disinfected and immobilized in prone position.
With T, as the center, a midline incision was
made on the back to expose a region of 30
mmx4 mm in the spinal cord, where a 3 mm?
knock pad was placed. The dura mater was
struck by Allen’s falling strike method using
Allen’s tube with the force of 40 gx1 cm. The
hindlimbs of the rats would twitch with flicking
of tail and then the whole body was relaxed.
The position at 1.5 cm at the lower end of the
dura mater was injured by striking, and the
dura mater was punctured. A silicone tube con-
nected with a guide wire at one end was insert-
ed into the arachnoid membrane along the
dura mater in the middle and upper part of the
injured region. After that, the guide wire was
withdrawn, and the modeling was considered
successful when the cerebrospinal fluid flowed
into the silicone tube. The tube was tightly fixed
and sealed by burning with flame, and the inci-
sion was sutured layer by layer. During surgery,
adrenaline was administered and the incision
was washed with normal saline containing gen-
tamicin. Within 4 weeks after surgery, urination
was forced in rats three times daily and the rats
were cleaned [15, 16]. For the rats in the
Schwann cells (SCs) group and the bcl-2-SCs
group, 10 pl of Schwann cells (SCs) transfected
and not transfected with bcl-2 gene was inject-
ed into the injured dura mater, respectively. For
the control group, 10 pl of DMEM (Dulbecco
Modified Eagle Medium) was injected [17].
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Motor function evaluation: Basso Beattie Bre-
snahan (BBB) scores were obtained at diffe-
rent time points after Spinal cord injury (SCI) in
three groups. Motor functions were evaluated
by inclined plate test. Motor function of the
hindlimbs in rats was divided into 22 grades
[10], corresponding to Basso Beattie Bresn-
ahan (BBB) scores of O to 21 points. O point
indicated complete paralysis of the hindlimbs;
21 points indicated normal function. The obser-
vation indicators were number of movements
of joint, load and scope of movement, and coor-
dination between forelimbs, hindlimbs, front
paws, hind paws and tail. For inclined plate
test, the rats were placed on the smooth plate
with body axis being perpendicular to the verti-
cal axis of the plate. The angle increment was
5° every time. The motor functions of rats were
considered as effective if the rats stayed on the
plate for 5 s under the maximum angle of incli-
nation [11].

(HE, hematoxylin-eosin) staining of pathologi-
cal sections at 4 weeks after modeling and flu-
orescence microscopy of EGFP (nhanced green
fluorescent protein)-labeled SCs: Three rats
were randomly selected from each group at 4
weeks after surgery and received intraperito-
neal injection of 10% chloral hydrate. Myocardial
perfusion was performed using 80 ml of nor-
mal saline. After fixed in 200 ml of 4% parafor-
maldehyde, the spinal cord tissue segments
were cut transversely into thickness of 8 um.
After treatment with EGFP (nhanced Green
Fluorescent Protein), the sections were adh-
ered to gelatin-embedded slide and preserved
at -20°C [18]. (HE, hematoxylin-eosin) staining
was performed as follows: xylene was added
dropwise twice to immerse the cells for 5 min,
followed by immersion with anhydrous enthanol
for 3 min, 95% ethanol for 3 min, 80% ethanol
for 10 min, and distilled water for 1 min.
Hematoxylin staining was performed for 20
min, and the slide was washed with distilled
water and 1% hydrochloric acid in ethanol for 3
s, respectively. This was followed by washing
with water for 30 s, Scott’s solution for 30 s,
running water for 15 min and distilled water for
2 s. After staining with 0.5% eosin for 3 min, the
slide was washed with distilled water for 2 s,
and immersed in 80% ethanol for 2 s, 95% eth-
anol for 8 s, anhydrous ethanol for 10 min, car-
boxylol for 5 min, xylene for 2 min, three times
for the removal of carbolic acid. After complete
dehydration and transparentization, the slide
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was sealed with neutral balsam. The distribu-
tion of Schwann cells (SCs) and the forming of
cavity in the spinal cord were observed under
the fluorescence microscope (x400). The imag-
es were stored and analyzed with Image-Pro
Plus 6.0 software. The positive area was com-
pared [18].

Observation of nerve repair by HRP (horserad-
ish peroxidase) retrograde tracing: Before sur-
gery, 3 rats were randomly selected from each
group and anesthetized by intraperitoneal
injection of 10% chloral hydrate. The rats were
immobilized in the back. The hairs on the hind
legs were removed and the skin was disinfect-
ed with iodine and alcohol. An incision was
made in the hind leg. The muscles were
detached and the sciatic nerve was gently ele-
vated with ophthalmic forceps. At 30 h after
injection of 0.5 pl of 30% HRP (Horseradish
Peroxidase), the spinal cord tissue was harvest-
ed near the upper end of the transverse injury.
The tissue was fixed in 4% paraformaldehyde
for 10 h and then refrigerated. HRP-DAB-nickel
ammonium sulfate was added for enhanced
color development. Under ordinary light micro-
scope, the IMP-positive cells over the trans-
verse section of the spinal cord were counted.
The positive cells were counted by randomly
selecting five slides at each time point in each
group [19].

Detection of gene and protein expression of
GFAP (glial fibrillary acidic portein) and NF-200
(NF-200, neurofilament-200) by RT-PCR and
Western blot, respectively: Three rats were
selected from each group at 7 d post-surgery
and sacrificed by cervical dislocation. Spinal
cord at segment T, was harvested and cryopre-
served. For RT-PCR, 15 mg of the tissue was
taken and added with 2 ml Trizol. The cells were
blown, mixed well and left to stand for 5 min.
Then 200 ul of chloroform was added with
oscillation for 15 s, and the solution was left to
stand for 2-3 min. Refrigerated centrifugation
was carried out at 20000 r/min for 20 min. The
supernatant was drawn into the centrifuge
tube, added with 0.5 ml isopropyl alcohol and
left to stand for 10 min. Refrigerated centrifu-
gation was performed again at 20000 r/min for
20 min, with supernatant discarded. With the
addition of 75% ethanol, the cells were blown,
mixed well and subjected to refrigerated cen-
trifugation at 5000 r/min for 10 min. The super-
natant was discarded, and the precipitate was
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Figure 1. A: Under the inverted phase contrast microscope, SCs were elongated, spindle shaped and in tight ar-
rangement (x40); B: Immunofluorescence staining of Schwann cells (SCs) with (myelin basic protein, MBP) (x40).
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Figure 2. The bcl-2 protein can be stably expressed in Schwann cells in 3 days and 14 days after transfection. Note:
1. control group, 2. negative transfection group, 3. bcl-2 transfection group.

dried and dissolved in 50 pl DEPC (diethyl
pyrocarbonate) solution [20]. Upstream primer
of GFAP (glial fibrillary acidic portein): 5-TAA-
TGACTATCGCCGCCAACTG-3’, downstream pri-
mer 5-TTCGCCCTCCAGCAATTTCC-3’; the len-
gth of the amplified fragment was 274 bp.
Forward primer of NF-200: 5-CCGGGAGATC-
GTGATGAAGT-3’, reverse primer 5-ATCCCAGC-
CTCCGTTATCCT-3’; the length of the amplified
fragment was 5-ATCCCAGCCTCCGTTATCCT-3'.
The upstream and downstream primers of
B-actin were 5-AVGGTCAGGTCAT-CACTATCG-3’
and 5-AGCACTGTGTTGGCATAGAGG-3’, respec-
tively. The conditions of RT-PCR were: dena-
turation at 94°C for 15 s, 55°C for 30 s, 72°C
for 30 s, 30 cycles, final extension at 72°C for
7 min. The PCR products were analyzed by
1.5% agarose gel electrophoresis. The gel ima-
ges were analyzed by the image analysis sys-
tem [20].

The cells were lysed in RIPA buffer and the
spinal cord specimen was cryopreserved. Total
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protein was extracted and assayed by plotting
the standard curve using BCA protein assay
kit. The proteins were subjected to 8% SDS-
PAGE electrophoresis and transferred to the
membrane. The primary antibody was rabbit
anti-GFAP IgG (1:1000) and mouse anti-NF20
IgG1 (1:400); the secondary antibody was bio-
tinylated goat anti-rabbit IgG (1:500). The opti-
cal density of each band was measured and
expressed as absolute optical density [14].

Detection of cell apoptosis by TUNEL assay: At
1 week after surgery, 3 rats were randomly
selected from each group and anesthetized
by intraperitoneal injection of 10% chloral
hydrate. The spinal cord at segment T, was
harvested and acid guanidinium thiocyanate-
phenol-chloroform extraction was performed
to obtain RNA. Dot blot hybridization was per-
formed using digoxigenin-labeled probe acco-
rding to the manufacturer’s instruction for the
dUTP Mix. GS-9000 scanner was used for
image analysis. Apoptotic index (Al) was calcu-
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lated as the ratio of the number of apoptotic
nuclei to the total number of nuclei based on
the number of apoptotic motor neurons in the
ventral horn of the spinal cord [21].

Somatosensory evoked potential (SEP) and
motor evoked potential (MEP) detection at 4
weeks after surgery: After 4 weeks after sur-
gery, 3 rats were randomly selected from each
group for the detection of SEP and MEP. SEP
recording electrode was placed between the
two ears, with reference electrode over the
forehead and stimulating electrode on the
ankle of rats and the on the back of mice. The
intensity of the electric current was determined
when the mild movement of the fingers was
evoked. For MEP monitoring, an incision was
made near the sagittal suture to expose the
dura mater. The stimulating electrode was posi-
tioned outside the dura mater, and the refer-
ence electron beneath the scalp, with an inter-
val of 1 cm. The recording electrode was
inserted into the gastrocnemius muscle, and
the grounding electrode was connected to the
tail. The direct current square wave pulse was
administered with the intensity of 10 mA, wave
width of 0.1 ms, voltage of 2 pV and frequency
of 5 Hz. The collected signals were amplified,
filtered, superimposed, averaged and analyzed
by the computer [17].

Statistical analysis

Statistical analysis was performed using SPSS
11 software. All measurement data were
expressed as mean * standard deviation (X +
s). Analysis of variance and t-test were used to
compare the differences between the groups.
P<0.05 indicated significant difference.

Results

In vitro culture, identification of Schwann cells
(SCs)

Under the inverted phase contrast microscope:
The cells grew to confluence in the flask after 1
week. Most were Schwann cells (SCs), and a
few were fibroblasts. After purification, Schwann
cells (SCs) accounted for over 96%. The cells
were narrow, elongated and spindle-shaped,
with small nuclei and a large amount of secre-
tions near the cells (Figure 1A). (Myelin basic
protein, MBP) fluorescence: green fluorescence
was observed from the cell body and the protu-
berances of Schwann cells (SCs). The nuclei of
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Schwann cells (SCs) and fibroblasts emitted
blue fluorescence after DAPI staining. However,
the cytoplasm of the fibroblasts was not sta-
ined, which was transparent. The percentage
of Schwann cells (SCs) can be roughly estim-
ated from the figure. As shown in Figure 1B,
the Schwann cells (SCs) were narrow, elongat-
ed and spindle-shaped, with small nuclei.

Bcl-2 gene was successfully introduced into
the SCs

At 3 d and 14 d after bcl-2 gene transfection
of Schwann cells (SCs) using Ad-EGFP vector,
the bcl-2 protein was stably expressed. How-
ever, no bcl-2 protein was expressed in the
control group and the negative transfection
group. This indicated that the bcl-2 gene was
successfully introduced into the Schwann cells
(SCs) (Figure 2).

Lower limb function recovery following spinal
cord injury

Before surgery, the rats of the three groups
did not differ significantly in BBB scores or
inclined plate test scores (P>0.05). At 2-4
weeks after transplantation, the two scores
were improved significantly in the SCs group
and the bcl-2-SCs group compared with the
control group (P<0.05). Moreover, the increase
of the scores was greater in the bcl-2-SCs gr-
oup at 2-4 weeks after modeling than in the
Schwann cells (SCs) group (P<0.05) (Table 1).

HE staining and fluorescence microscopy

(HE, hematoxylin-eosin staining) staining sho-
wed that the spinal cord tissue was fractured in
the injury site in the control group at 4 weeks
after surgery. The scars were observed with
disordered structure and the forming of cavity
(Figure 3A). In the Schwann cells (SCs) group,
typical neuron-like morphology was observed
at the transplantation site, with cavities smal-
ler than that of the control group but larger
than that of the bcl-2-SCs group (Figure 3B).
The bcl-2-SCs group showed typical neuron-like
morphology and the disappearance of cavity
(Figure 3C). Green fluorescence was observed
from the EGFP-positive cells scatteredly dist-
ributed on the slides of Schwann cells (SCs)
group and bcl-2-SCs group (Figure 3D-F). There
were 0 + 0.00 positive cells per high-power
field in the control group, 12.84 + 3.42 positive
cells per high-power field in the SCs group
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Table 1. Basso Beattie Bresnahan (BBB) scores and inclined plate test scores at each time point in the three groups (x ' s)

Before After modeling

Group Cases .

modeling 1d 3d 1w 2W 3W 4 W
BBB score
Control group 5 21.00 £ 0.00 0.00 £ 0.00 1.44 £0.21 2.75 +0.89 8.35 + 1.56* 11.24 +2.23* 13.64 + 1.20*
Schwann cells (SCs) group 5 21.00 £ 0.00 0.00 £ 0.00 2.67 +0.26 4.58 + 0.32* 10.6 + 2.62* 12.66 +1.98* 15.66 +1.18*
Bcl-2-SCs group 5 21.00 £ 0.00 0.00 £ 0.00 3.85+0.39 6.98 £ 0.43#4 1282 +2.63#4 15.62 +2.24%4 1756 +0.35,4
Inclined plate test
Control group 5 42,41 £2.27 15.65+2.34 16.8 + 2.36 20.22 + 3.46 23.42 + 4.26 26.40 +2.71 28.33 +2.47
Schwann cells (SCs) group 5 4248 +3.70 15.72+2.63 19.52 +3.12% 25.16 + 4.80* 30.38 £+ 6.34 32.81 +3.14% 36.58 + 2.40*
Bcl-2-SCs group 5 4250+3.31 15.80+3.22 23.75+ 3.42%4 29.24 +6.20%4 33.71+5.15%4 36.58 +4.324 40.32 + 3.394

Note: #P<0.05 compared with the control group; 4P<0.05 compared with Schwann cells (SCs) group.
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Figure 3. A: HE staining in the control group at 4 weeks (x40); B: HE staining in the SCs group at 4 weeks (x40); C:
HE staining in the bcl-2-SCs group at 4 weeks (x40); D: Green fluorescence from EGFP-positive cells in the control
group at 4 weeks (x200); E: Green fluorescence from EGFP-positive cells in the SCs group at 4 weeks (x200); F:
Green fluorescence from EGFP-positive cells in the bcl-2-SCs group at 4 weeks (x200); G: HRP-positive nerve fibers
in the control group at 4 weeks (x200); H: HRP-positive nerve fibers in the SCs group at 4 weeks (x200); I: HRP-
positive nerve fibers in the bcl-2-SCs group at 4 weeks (x200).

and 24.62 + 4.54 positive cells per high-power
field in the bcl-2-SCs group, indicating signifi-
cant differences (P<0.01). At 3 d after injection
of HRP (Horseradish Peroxidase), into the lum-
bar enlargement in the control group, retro-
grade transport of HRP (Horseradish Peroxi-
dase), was observed. A few HRP (Horseradish
Peroxidase), -labeled nerve fibers were seen
above segment T, as shown in Figure 3G
(8.26 + 2.62). More HRP (Horseradish Peroxi-
dase), -positive nerve fibers were seen in the
Schwann cells (SCs) group than in the control
group, but the number of these nerve fibers
was still smaller than that of the bcl-2-SCs
group (Figure 3H, 17.62 + 3.20). More HRP-
positive nerve fibers were seen in the bcl-2-
SCs group (Figure 3l, 26.34 + 4.32). The differ-
ences in the number of HRP-positive nerve
fibers were statistically significant between the
bcl-2-SCs group and the control group at 4
weeks after surgery (P<0.01).

21003

GFAP and NF-200 expression in the injured
regions of SCI rats after transplantation

Both gene and protein expressions of glial
fibrillary acidic protein (GFAP) and (NF-200,
neurofilament-200) were upregulated signifi-
cantly in the bcl-2-SCs group at 7 d after surg-
ery compared with the control group and the
Schwann cells (SCs) group (P<0.05). Moreover,
the expressions were increased significantly in
the Schwann cells (SCs) group compared with
the control group (P<0.05) (Figure 4).

Apoptosis in the injured region of SCI rats after
transfection

Specific brownish yellow particles were seen in
the apoptotic nuclei of the neurons. The apop-
totic cells were distributed in scatter over the
entire injury site under the light microscope.
Apoptotic cells were also seen near the edge of
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Figure 4. A: Gene expression of glial fibrillary acidic protein
(GFAP) and (NF-200, neurofilament-200) in the injury site; B:
Protein expression of GFAP and NF-200 in the injury site.
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Figure 5. A: Number of apoptotic cells in the control group (29.73 + 3.74); B: Number of apoptotic cells in the
Schwann cells (SCs) group (20.48 + 3.51); C: Number of apoptotic cells in the bcl-2-SCs group (8.72 + 2.21).

the injury site. According to TUNEL assay, the
number of apoptotic cells in the Schwann cells
(SCs) group (20.48 + 3.51) was obviously small-
er than that in the control group (29.73 + 3.74)
(P<0.05); the number of apoptotic cells was the
smallest in the bcl-2-SCs group (8.72 + 2.21),
as shown in Figure 5.

Changes in somatosensory evoked potentials
and motor evoked potentials in the rats after
transfection

No waveform was detected in all groups upon
somatosensory evoked potential (SEP) and mo-
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tor evoked potential (MEP) monitoring imm-
ediately after modeling. At 4 weeks after sur-
gery, somatosensory evoked potential (SEP)
and motor evoked potential (MEP) waveforms
were slightly restored in the control group. In
contrast, the somatosensory evoked potential
(SEP) and motor evoked potential (MEP) wave-
forms were obviously restored in the bcl-2-
SCs group with increased wave amplitude. The
somatosensory evoked potential (SEP) and
motor evoked potential (MEP) latencies and the
wave amplitudes in each group are given in
Table 2 and Figure 6. The SCs group and the
control group showed significant differences in
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Table 2. Somatosensory evoked potential (SEP) and motor evoked potential (MEP) monitoring of rats
in each group after 4 weeks (X s, n=6)

Group Somatosensory evoked potential (SEP) Motor evoked potential (MEP)
Latency (ms) Wave amplitude (uV) Latency (ms) Wave amplitude (mV)
Control group 32.252 + 2.560 1.231+0.114 16.213 + 0.340 1.643 £0.113
Schwann cells (SCs) group  26.870 + 2.554# 1.735 + 0.126% 12.423 + 0.258" 2.453 +0.314
Bcl-2-SCs group 17.245 + 1.4224 2.228 + 0.1394 8.733 £ 0.3234 3.742 + 0.4524

Note: #P<0.05, 4P<0.01 compared with the control group; 4P<0.05 compared with Schwann cells (SCs) group.
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the results of somatosensory evoked potential noid transplantation is considered ideal for the
(SEP) and motor evoked potential (MEP) moni- repair of nervous system injury [25].
toring (P<0.05); the differences between the
bcl-2-SCs group and the control group were We performed subarachnoid transplantation
extremely significant (P<0.01); the differences of the genetically modified SCs in this study,
between the bcl-2-SCs group and the SCs group with less invasiveness and reduced secon-
were significant (P<0.05). It was indicated that dary injury to the rats. As demonstrated by
the transduction of electric signals took much BBB scores, the motor function of the lower
shorter time from the hind limbs to the scalp in limbs of the bcl-2-SCs group was significantly
the bcl-2-SCs group. Thus the function of the improved compared with the other two groups.
spinal cord was greatly restored. In contrast, the motor function was the worst
in the control group. This result can be attrib-
Discussion uted to the repair effect of the Schwann cells
(SCs) transfected with bcl-2 gene. At 72 h after
The repair of Spinal cord injury (SCI) is notori- modeling, the Al of the bcl-2-SCs group was
ously difficult. After Spinal cord injury (SCI), the obviously lower than that of the control group
neurons still possess the regenerative poten- and the Schwann cells (SCs) group, which was
tial. It is found that Spinal cord injury (SCI) play in agreement with the above motor function
an important role in the regeneration of nerve evaluation. Following Spinal cord injury (SCI),
cells after Spinal cord injury (SCI) [7, 22, 23]. the forming of cavity and glial scars in the spi-
Bcl-2 gene is the proto-oncogene isolated from nal cord will impede the regeneration and
the B lymphocytes of mice. With very low extension of the nerve axons [26]. At 4 weeks
expression or now expression in the mature after modeling, HE staining and fluorescence
cells or dying cells, bcl-2 gene can reduce free microscopy revealed the presence of defects
radicals and lipid peroxidation, while increasing and cavity of the spinal cord in the control group
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without neural axes. In the SCs group, fewer
neural axes were seen with smaller cavity; in
the bcl-2-SCs group, more neural axes were
found without cavity. It can be inferred that the
genetically modified SCs exerted least imped-
ance to the regeneration and extension of the
nerve axons. This may be explained by the for-
mation of direction canal by the axons along
the Schwann cells (SCs) or by the promotion of
remyelination [27]. GFAP is one of the major
cytoskeletal proteins in the glial cells. After
Spinal cord injury (SCl), the astrocytes
will express a large number of GFAP [28].
Increasing the level of GFAP will promote the
mitosis of the glial cells, thus facilitating the
differentiation into mature astrocytes [29].
Neurofilament is a neurotrophic factor that
maintains the survival of injured neurons in
the spinal cord both in vivo and in vitro. By
promoting the extension of the neural axons,
the neurofilament can facilitate axonal regen-
eration [30]. As shown by our experiment, the
gene and protein expressions of glial fibrillary
acidic protein (GFAP) and (NF-200, neurofila-
ment-200) were upregulated significantly in
the bcl-2-SCs group compared with the control
group and the SCs group. This result was con-
sistent with the number of EGFP-positive cells
and HRP-positive cells in the three groups. That
is, bcl-2-SCs group had the largest number
of EGFP-positive cells and HRP-positive cells,
while the control group had the least. At 4
weeks after modeling, the somatosensory
evoked potential (SEP) and motor evoked
potential (MEP) latencies were the shortest
in the bcl-2-SCs group, followed by the Schw-
ann cells (SCs) group and the control group;
the bcl-2-SCs group had the highest wave
amplitude, and the control group had the
lowest amplitude. This proved the protective
effect of the genetically modified Schwann
cells (SCs) to the nerve cells.

The repair of Spinal cord injury (SCI) is a
complex process. We found that the Schw-
ann cells (SCs) transfected with bcl-2 gene
promoted the regeneration of injured neurons
in the rat model of Spinal cord injury (SCI). The
gene and protein expressions of glial fibrillary
acidic protein (GFAP) and (NF-200, neurofila-
ment-200) were upregulated in the injury site,
with decreased neuron apoptosis and impr-
oved motor function and electrophysiology
of the limbs. Thus subarachnoid transplanta-
tion of the genetically modified Schwann cells

21006

(SCs) is suitable for the treatment of Spinal
cord injury (SCI).
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