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Abstract: The aims of this study were to assess that the effects of bone marrow mesenchymal stem cells (BMSCs)
combination with minocycline improve spinal cord injury (SCI) in rat model. In the present study, the Wistar rats
were randomly divided into five groups: control group, SCI group, BMSCs group, Minocycline group and BMSCs +
minocycline group. Basso, Beattie and Bresnahan (BBB) test and MPO activity were used to assess the effect of
combination therapy on locomotion and neutrophil infiltration. Inflammation factors, VEGF and BDNF expression,
caspase-3 activation, phosphorylation-p38MAPK, proNGF, p75NTR and RhoA expressions were estimated using
commercial kits or western blot, respectively. BBB scores were significantly increased and MPO activity was signifi-
cantly undermined by combination therapy. In addition, combination therapy significantly decreased inflammation
factors in SCl rats. Results from western blot showed that combination therapy significantly up-regulated the protein
of VEGF and BDNF expression and down-regulated the protein of phosphorylation-p38MAPK, proNGF, p75NTR and
RhoA expressions in SCI rats. Combination therapy stimulation also suppressed the caspase-3 activation in SCI rats.
These results demonstrated that the effects of bone marrow mesenchymal stem cells combination with minocycline
improve SCI in rat model.

Keyword: Bone marrow mesenchymal stem cells, minocycline, spinal cord injury, inflammation, VEGF and BDNF

Introduction

Spinal cord injury (SCI) refers to complete or
incomplete spinal cord motor, sensory, sphinc-
ter and autonomic dysfunctions resulted from
the violent attack on spinal cord, which is dev-
astating disease in orthopedics and causes
serious physiological and psychological dam-
age to the patients [1]. In most countries, SCI
incidence rate is 20 to 40 per million people
[2]. The main reasons of SCI include traffic acci-
dents (45.4%), falls (16%) and sports injuries
(16.3%) [3]. So far, the results indicate the final
neurological damage of SCI is caused by two
mechanisms, namely primary injury and sec-
ondary injury. Primary injury refers to tissue
damage caused instantly by the mechanical
force in spinal cord tissue, and the resulted
nerve damage is irreversible; a series of self-
destruction destruction processes in which
pathological factors aroused by primary injury

participate are called secondary injuries, of
which the evolution lasts up to a few hours to a
few weeks [4]. This is an active adjustment pro-
cess of the cell and molecular levels, reversible
and able to be controlled. Sometimes the extent
of tissue damage produced by secondary injury
is even more than that of primary injury [5].

Bone marrow mesenchymal stem cell (BMSC) is
a stem cell with potential of multi-directional
differentiation and researches have confirmed,
BMSC transplantation for the treatment of SCI
is feasible, but the simple effect of BMSC trans-
plantation therapy on SCI is limited, so after
BMSC is directionally induced to differentiate
into neuron-like cell, the transplantation thera-
py for SCI has important research value [6, 7].
This is taken as basis for project, and SCI rat
model is designed to study different results for
SCI by the transplantation treatment that differ-
entinducers lead to the differentiation of BMSC
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into neuron-like cells, providing theoretical
basis for the clinical treatment of SCI [8].
Minocycline is a second-generation semi-syn-
thetic tetracycline class of drug, with not only a
strong antibacterial effect, but also significant
anti-inflammatory effect [9]. In recent years,
studies have shown that inhibiting the activity
of minocycline has significant neuroprotective
function for the ischemia in brain tissue [10].

However, the effects of BMSCs combination
with minocycline on SCI remain uncharacter-
ized. In our research, we explored whether the
effects of bone marrow mesenchymal stem
cells combination with minocycline improves
SCl in rat model. We also studied the molecular
mechanism of the protective effect of the com-
bination therapy on articular cartilage damage,
inflammation response and apoptosis in rat
model of SCI.

Methods
Chemicals

Modified Eagle Medium (MEM), Dulbecco’s
Modified Eagle Medium (DMEM) and fetal
bovine serum (FBS) were provided from Sigma
(Germany). Minocycline (with a purity >95%)
was purchased from Nanjing Traditional
Chinese medicine Institute of Chinese Material
Medica (Nanjing, China). Myeloperoxidase
(MPQ), Microvessel density (MVD), Nuclear
transcription factor-kappa (NF-kB) p65 unit,
tumor necrosis factor-o (TNF-&) and caspase-3
commercial kits were purchased from Beyotime
(Nanjing, China).

Animals

Male Sprague Dawley rats and adult female
Wistar rats (250-300 g) were purchased from
the Center for Experimental Animals of Central
South University (Changsha, China). All rats
were carried out in accordance with national
Institute of Health Guide for Care and Use of
Laboratory Animals. All rats were maintained
under a 12 h dark/light cycle, at 22-24°C, rela-
tive humidity 40-60% and allowed food and
water.

Cell culture and haemotoxylin staining of
BMSCs

2-3 mL of bone marrow was isolated in sterile
conditions from Sprague Dawley rats as
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described as document [11]. BMSCs were iso-
lated from bone marrow and cultured as
described by previous document [12]. Overdose
of pentobarbital was injected into Sprague
Dawley rats, and the tibia and femur were sepa-
rated out. The bones were cut off and marrow
was flushed out using 5 ml of a-MEM with a
25-gauge needle. Followed by centrifugation at
1000 r/m for 5 min, the supernatant was dis-
carded. The cells were placed into 25 cm? plas-
tic flask and then cultivated in 5 mL of DMEM
including 15-20% of FBS at 37°C in humidified
atmosphere 5% CO, for 24 h. Then, non-adher-
ent cells were removed by replacing new cul-
ture medium. After 48 hours, the non-adherent
cells were removed by replacing new culture
medium. When adherent cells grew to 80-90%
confluency, then these cells were removed and
incubated with 0.25% trypsin and 1 mM EDTA
at 37°C for 5 minutes and passaged. Using this
method, BMSCs were sub-cultured 4 times.
The cells were labeled with 3 ug/ml of bromo-
deoxyuridine and incubated for 3 days.

BMSCs was washed with twice PBS and fixed
with 4% of paraformaldehyde for 10 min. Then,
haemotoxylin (Beyotime, Nanjing, China) was
added into the fixation cell and cultured for
3-10 min according to previous literature [12].
Staining cell was washed with tap-water for 10
min and then again washed with distilled water
at a time. 95% ethyl alcohol was used to dehy-
drate staining cell for 2 min and then xylene
was used to transparent staining cell for 5 min.
Neutral balsam was used to mount medium
and observed using microscope (CFI60, Nikon,
Japan).

Spinal cord injury model

The SCI rat model was executed as described
previously [13]. The Wistar rats were anesthe-
tized using intraperitoneal ketamine (80 mg/
kg) and xylazine (10 mg/kg). Then, rats were
executed a laminectomy during which the T8
and T9 vertebral peduncles were removed. The
control rats were carried out the same laminec-
tomy without compression.

Transplantation procedure

The rats were randomly divided into five groups:
control group, SCI group, BMSCs group,
Minocycline group and BMSCs + minocycline
group (Therapy). Control group (n=12) in which
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only a laminectomy was performed; SCI group
(n=12) in which serum was administered by
intraspinal injection (i.i.); BMSCs group (n=12)
in which BMSCs (3x10%) by i.i. using Hamilton
syringe described as document [7] for 14 days;
Minocycline group (n=12) in which [14] received
minocycline (50 mg/kg) daily for 14 days;
BMSCs + minocycline group, in which BMSCs
(3%x10°5) by i.i. and minocycline (50 mg/kg) daily
for 14 days.

Evaluation of neuronal function recovery

After combination therapy, the evaluation of
neuronal function recovery was evaluated by
the Basso, Beattie and Bresnahan (BBB), loco-
motor rating scale of O (no observable hind-
limb movements) to 21 (normal locomotion)
[15].

Evaluation of programmed cell death using
eosin (H&E) staining

After combination therapy, spinal cord samples
of each group were collected and sliced up sec-
tions of spinal cord. Then, these sections were
stained in hematoxylin solution for 10 min and
differentiated in 1% acid-alcohol for 30 s. These
sections were stained with H&E for 30 s and
dehydrated with alcohol for 2 min each. These
sections were covered with xylene-based
mounting medium after two changes of xylene.

MPO activity

After combination therapy, SCI tissue was rap-
idly acquired. Followed by centrifugation at
12000 r/m for 10 min, the supernatant was
discarded. MPO activity was defied as the
quantity of enzyme degrading and was
expressed in unit g* of wet tissue following the
manufacturer’s protocol (Beyotime, Nanjing,
China).

Inflammation factors

After combination therapy, SCI tissue was rap-
idly acquired. Followed by centrifugation at
12000 r/m for 10 min at 4°C, the supernatant
was discarded. The supernatant was used to
assess activities of NF-kB p65 unit and TNF-q,
following the manufacturer’'s protocol (Beyo-
time, Nanjing, China).

Western blot

After combination therapy, SCI tissue was rap-
idly acquired. SCI tissue was prepared by rapid
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homogenization in 10 volumes of lysis buffer
and the supernatant was discarded after cen-
trifugation at 12000 r/m for 10 min at 4°C. The
protein concentration was determined by the
Coomassie (G250) binding method. 20 ug of
protein were loaded for separated into 10%
gradient SDS-PAGE under denaturing condi-
tions and transferred onto nitrocellulose mem-
branes (Santa Cruz Biotechnology, Inc). The
sections were blocked with PBS with non-fat
milk for 1-2 h at room temperature and then
incubated with primary antibodies overnight at
4°C, followed by anti-vascularendothelial
growth factor (VEGF, 1:1000, Santa Cruz
Biotechnology, Inc, Calif, USA), anti-BDNF
(1:2000, Santa Cruz Biotechnology, Inc, Calif,
USA), anti-phosphorylation-p38MAPK (p-p38-
MAPK, 1:1500, Santa Cruz Biotechnology, Inc,
Calif, USA), anti-Pro-Nerve Growth Factor
(proNGF, 1:1500, Santa Cruz Biotechnology,
Inc, Calif, USA), anti-p75 neurotrophin receptor
(p75NTR, 1:1000, Santa Cruz Biotechnology,
Inc, Calif, USA), anti-RhoA and anti-B-actin
(1:500, Sangon Biotech, Shanghai, China).

Caspase-3 activation assay

After combination therapy, SCI tissue was rap-
idly acquired. Followed by centrifugation at
12000 r/m for 10 min at 4°C, the supernatant
was discarded. Then supernatant were collect-
ed to measure the protein concentration with
using a BCA kit (Beyotime, Nanjing, China).
Equal protein was incubated with reaction buf-
fer (Ac-LEHD-pNA) at 37°C for 2 h in the dark
and then activities were measured at an absor-
bance of 405 nm.

Statistical analysis

All data are expressed as the mean * standard
deviation, analyzed using a two-tailed Student’s
t-test, and performed using Excel 2007 soft-
ware package (Microsoft Corp., Redmond, WA,
USA). Differences were considered statistically
significant at P<0.05.

Results

BMSC cell culture and detection

In initial experiments, morphology of the prima-
ry BMSCs were cultured and appeared homo-
geneous and multiplicity, which showed spin-
dle-shaped with serial sub-cultivation (Figure
1). The results of haemotoxylin staining showed
that cell nucleus appeared mazarine (Figure 1).
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Figure 1. BMSC cell culture and detection. Bone marrow mesenchymal stem cells were culture, detected using
haemotoxylin staining and observed using microscope.
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Figure 2. Effect of combination therapy improve functional recovery after SCI. Control, control group; SCI, SCI group;
BMSCs, BMSCs group; Minocycline, Minocycline group; Therapy, Minocycline group and BMSCs + minocycline
group. ""P<0.01 versus control group; #P<0.05 versus SCI group; #P<0.05 versus SCI group.
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Figure 3. Effect of combination therapy on programmed cell death after SCI. Control, control group; SCI, SCI group;
BMSCs, BMSCs group; Minocycline, Minocycline group; Therapy, Minocycline group and BMSCs + minocycline

group. ""P<0.01 versus control group; *P<0.05 versus SCI group; #P<0.05 versus SCI group.

Effect of combination therapy improve func-
tional recovery after SCI

We investigated whether the effect of combina-
tion therapy affected on the functional recovery
after SCI. These results of BBB showed that SCI
could lead to descend BBB scores compared to
that of control group (Figure 2). As shown in
Figure 2, only BMSCs-treated or only minocy-
cline-treated effectively increased BBB scores
in SCI rats, respectively. However, BBB scores
of combination therapy were higher than only

11960

BMSCs-treated or only minocycline-treated
(Figure 2).

Effect of combination therapy on programmed
cell death after SCI

We observed whether the effect of combination
therapy affected on programmed cell death
after SCI. As shown in Figure 3, the programmed
cell death in SCI rat was higher than that of con-
trol. Only BMSCs-treated or only minocycline-
treated observably inhibited the programmed
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group were lower than those
of only BMSCs-treated or on-
ly minocycline-treated group
(Figure 5A, 5B).

Effect of combination therapy
on VEGF and BDNF expression
level after SCI

We probed the possible mecha-
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Figure 4. Effect of combination therapy on neutrophil infiltration after SCI.
Control, control group; SCI, SCI group; BMSCs, BMSCs group; Minocycline,
Minocycline group; Therapy, Minocycline group and BMSCs + minocycline
group. ""P<0.01 versus control group; #P<0.05 versus SCI group; #P<0.05

versus SCI group.

cell death of SCI, respectively (Figure 3).
Combination therapy could reduce the pro-
grammed cell death in SCI rat, compared to
only BMSCs-treated or only minocycline-treat-
ed (Figure 3).

Effect of combination therapy on neutrophil
infiltration after SCI

We further investigated whether the effect of
combination therapy affected on neutrophil
infiltration after SCI, MPO activity was mea-
sured in our study. In SCI tissue, MPO activity
was observably elevated in comparison with
that of control group (Figure 4). Meanwhile,
only BMSCs-treated or only minocycline-treat-
ed observably reduced this change compared
to that of SCI group (Figure 4). However, this
change was enlarged by treated with combina-
tion therapy in comparison with that of only
BMSCs-treated or only minocycline-treated
(Figure 4).

Effect of combination therapy on inflammation
after SCI

We explored the possible mechanisms of com-
bination therapy on SCI, inflammation factors
were examined in this study. In comparison
with control group, activities of NF-kB p65 unit
and TNF-a were markedly induced by SCI
(Figure 5A, 5B). After only BMSCs-treated or
only minocycline-treated, activities of NF-kB
p65 unit and TNF-a« were markedly inhibited
these inflammation factors compared to that of
SCI group (Figure 5A, 5B). However, these
infammation factors in combination therapy
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Therapy nisms of combination therapy
on SCI, VEGF and BDNF expres-
sion level were analyzed using
western blot. These results of
western blotting showed that
the protein expression of VEGF
and BDNF were signally sup-
pressed in SCI model group in
comparison with those of control group (Figure
6A-D). In SCI tissues, the expression of VEGF
and BDNF protein were signally increased by
only BMSCs-treated or only minocycline-treat-
ed (Figure 6A-D). However, combination thera-
py signally accelerated this therapeutic effect
on VEGF and BDNF in SClI rats (Figure 6A-D).

Effect of combination therapy on caspase-3
activation after SCI

We research the possible mechanisms of com-
bination therapy on SCI was in contact with cell
apoptosis, caspase-3 activation was measured
in our study. As shown in Figure 7, the activity of
caspase-3 was memorably augmented in SCI
rats compared to control rats. After only
BMSCs-treated or only minocycline-treated,
caspase-3 activity was memorably restrained
compared to that of SCI group (Figure 7).
Interesting, caspase-3 activity of combination
therapy was lower than that of only BMSCs-
treated or only minocycline-treated (Figure 7).

Effect of combination therapy on p38MAPK-
dependent proNGF expression

In order to detect the possible mechanisms of
combination therapy on SCI, p-p38MAPK pro-
tein expression was analyzed by western blot.
These results of western blotting showed that
SCI significantly activated the protein expres-
sion of p-p38MAPK in SCI rats compared to
that of control group (Figure 8A, 8B). Interesting,
only BMSCs-treated or only minocycline-treat-
ed significantly reduced the promotion of p-p38-
MAPK protein expression in SCl rats (Figure 8A,
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Figure 5. Effect of combination therapy on inflammation after SCI. Effect of combination therapy on the activities
of NF-kB p65 unit and TNF-a after SCI. Control, control group; SCI, SCI group; BMSCs, BMSCs group; Minocycline,
Minocycline group; Therapy, Minocycline group and BMSCs + minocycline group. “"P<0.01 versus control group;

#P<0.05 versus SCI group; #P<0.05 versus SCI group.
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Figure 6. Effect of combination therapy on VEGF and BDNF expression level after SCI. Effect of combination therapy
on VEGF and BDNF protein expression (A and C) using Western blotting assays and statistical analysis of VEGF and
BDNF protein expression level (B and D) after SCI. Control, control group; SCI, SCI group; BMSCs, BMSCs group; Mi-
nocycline, Minocycline group; Therapy, Minocycline group and BMSCs + minocycline group. “*P<0.01 versus control

group; *P<0.05 versus SCI group; #P<0.05 versus SCI group.

JIIIL

Control BMSCs Minocycline Therapy

— = NN
S thh © W
T T T .

aspase-3 activity

th

C

=]

Figure 7. Effect of combination therapy on caspase-3 activation after SCI.
Control, control group; SCI, SCI group; BMSCs, BMSCs group; Minocycline,
Minocycline group; Therapy, Minocycline group and BMSCs + minocycline
group. ""P<0.01 versus control group; #P<0.05 versus SCI group; ##P<0.05
versus SCI group.

Effect of combination therapy
on proNGF expression after
SCi

In order to probe the possible
mechanisms of combination
therapy on SCI, proNGF expres-
sion was detected by western
blot. As shown in Figure 9A, 9B,
the protein expression of pro-
NGF was dramaticlly promoted
by SCI compared to control
rats. Nevertheless, only BMS-
Cs-treated or only minocycline-
treated dramatically remitted
this tendency in SCl rats (Figure

8B). After combination therapy, the p-p38MAPK 9A, 9B). Meanwhile, this tendency in combina-
protein expression was lower than that of only tion therapy group was dramatically receded in
BMSCs-treated or only minocycline-treated comparison with that of only BMSCs-treated or
(Figure 8A, 8B). only minocycline-treated group (Figure 9A, 9B).
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Figure 8. Effect of combination therapy on p38MAPK-dependent proNGF expression. Effect of combination therapy
on p-p38MAPK protein expression using Western blotting assays and statistical analysis of p-p38MAPK protein
expression level. Control, control group; SCI, SCI group; BMSCs, BMSCs group; Minocycline, Minocycline group;
Therapy, Minocycline group and BMSCs + minocycline group. **P<0.01 versus control group; #P<0.05 versus SCI
group; #P<0.05 versus SCI group.
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Figure 9. Effect of combination therapy on proNGF expression after SCI. Effect of combination therapy on proNGF
protein expression using Western blotting assays and statistical analysis of proNGF protein expression level. Control,
control group; SCI, SCI group; BMSCs, BMSCs group; Minocycline, Minocycline group; Therapy, Minocycline group
and BMSCs + minocycline group. *"P<0.01 versus control group; #P<0.05 versus SCI group; #P<0.05 versus SCI

group.
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Figure 10. Effect of combination therapy on p75NTR expression after SCI. Effect of combination therapy on p75NTR
protein expression using Western blotting assays and statistical analysis of p75NTR protein expression level. Con-
trol, control group; SCI, SCI group; BMSCs, BMSCs group; Minocycline, Minocycline group; Therapy, Minocycline
group and BMSCs + minocycline group. “*P<0.01 versus control group; #P<0.05 versus SCI group; #P<0.05 versus
SCI group.

Effect of combination therapy on p75NTR ex- was significantly activated compared to that of
pression after SCI control group (Figure 10A, 10B). Moreover, only

BMSCs-treated or only minocycline-treated
In order to investigate the possible mecha- could significantly suppress the p75NTR pro-
nisms of combination therapy on SCI was in tein expression in SCI rats (Figure 10A, 10B).
contact with p75NTR expression after SClI, But, curative effect of combination therapy on
p75NTR expression was performed by western the p75NTR protein expression was precede
blot. These results of western blotting showed only BMSCs-treated or only minocycline-treat-
that the protein expression of p75NTR in SCI rat ed (Figure 10A, 10B).
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Figure 11. Effect of combination therapy on RhoA expression after SCI. Effect of combination therapy on RhoA pro-
tein expression using Western blotting assays and statistical analysis of RhoA protein expression level. Control, con-
trol group; SCI, SCI group; BMSCs, BMSCs group; Minocycline, Minocycline group; Therapy, Minocycline group and
BMSCs + minocycline group. "*P<0.01 versus control group; #P<0.05 versus SCI group; #P<0.05 versus SCI group.

Effect of combination therapy on RhoA expres-
sion after SCI

In order to explore the possible mechanisms of
combination therapy on SCI, RhoA expression
was performed by western blot. As shown in
Figure 11A, 11B, the protein expression of
RhoA was memorably enhanced by SCI com-
pared to that of control group. After treatment
with only BMSCs-treated or only minocycline-
treated, the protein expression of RhoA was
memorably weakened in SCI rats (Figure 11A,
11B). Nevertheless, combination therapy mem-
orably weakened the RhoA protein expression
in comparison with that of only BMSCs-treated
or only minocycline-treated (Figure 11A, 11B).

Discussion

After SCI, secondary pathological changes will
increase the SCI, and even cause irreversible
damage to the spinal cord. Ischemia is an
important factor to cause secondary injury in
spinal cord [16]. After SCI, the spinal cord blood
flow declines or even stops completely. Due to
the reduction in blood supply, oxygen supply is
reduced as well so that the process of oxidative
phosphorylation in the mitochondria of cells
slows down, reducing the metabolic activity
due to the lack of sufficient oxygen and energy
in cell, thereby causing necrosis of the spinal
cord and loss of nerve function [17]. The reper-
fusion after ischemia further aggravates SCI
and shortening ischemic time is the key to
reduce the ischemia-reperfusion injury [18].
Free radicals and Ca?" are important factors
to cause SCI [19]. Lipid free radicals reactions
in membrane have changed membrane struc-
ture and function significantly, which not only
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destroys the selective permeability of mem-
brane, but also inhibits the activity of a number
of important enzyme systems. Meanwhile free
radicals also cause microvascular occlusion
and spasm, thus causing delayed ischemia
[20]. Our results showed that the effect of
BMSCs combination with minocycline improved
functional recovery and reduced neutrophil
infiltration after SCI in rat. In addition, Nandoe
Tewarie et al. reported that BMSCs repairs spi-
nal cord in vitro and in vivo studies [21]. Lee et
al. revealed that minocycline improves func-
tional recovery and alleviates cell death after
traumatic SCI in the rat [22]. Our data demon-
strates that the effect of BMSCs combination
with minocycline can improve functional recov-
ery in SCl rat.

After acute SCI, the mechanism of secondary
SCl is very complex. The degree of self-destruct
sequence destruction in which multiple factors
participate on the basis of primary injury is
even more than that of primary injury [23].
Pathological change of secondary SCI is the
result of a variety of factors, including: the vas-
cular factor, the role of free radicals, the toxic
effect of excitatory amino acids, the inflamma-
tion and the apoptosis. Inflammation is one of
the main mechanisms of secondary SCI after
acute SCI [24]. Our result showed that the
effect of BMSCs combination with minocycline
could suppress inflammation factors after SCI
in rat. One study showed that BMSCs attenuate
lung inflammation of neonatal rats [25]. Kim et
al. reported that minocycline has been clinically
tried for spinal cord injury through suppression
of inflammation [26]. Our result showed that
the effect of BMSCs combination with minocy-
cline can suppress inflammation factors after
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SCI, which further confirmed the combination
therapy improve SCI and its related mecha-
nisms in treatment nervous disease.

VEGF is a specific polypeptide glycoprotein pro-
moting vascular endothelial growth and angio-
genesis, which has also been proved to express
in activated neural cells. Currently it is consid-
ered that VEGF is also a neuroprotective factor,
to protect nerve cells directly through an inde-
pendent mechanism, not dependent on angio-
genesis [27]. VEGF can promote stem cell pro-
liferation in the development of central nervous
system, in addition to the direct effect of nutri-
tion nerves [28]. BDNF has the functions of
maintenance and promotion for the develop-
ment differentiation and the regeneration and
growth of various sensory neurons, cholinergic
neurons, dopaminergic neurons as well as
GABA neurons [29]. BDNF does not work for
sympathetic and ciliary ganglion, but it can pre-
vent the death of a lot of movement neurons
after the cross of sciatic nerve, and can save
red nucleus neurons after the half cut of SCI
[30]. Studies have shown that BDNF is involved
in repair process of spinal cord, saving the neu-
rons in SCI by use of BDNF has great potential
[31]. Our result showed that the effect of
BMSCs combination with minocycline could
increase the VEGF and BDNF expression level
after SCI in rat. One study showed that BMSCs
attenuate lung inflammation of neonatal rats
[25]. Kim et al. reported that minocycline has
been clinically tried for spinal cord injury
through suppression of inflammation [26].
Kamei et al. suggested that BMSCs promotes
corticospinal axon growth through BDNF and
VEGF in organotypic cocultures in neonatal rats
[32]. These studies explained the mechanism
of BMSCs combination with minocycline can
promotes the VEGF and BDNF expression after
SCI, which further confirmed the combination
therapy augment the blood vessel formation in
SClI rat.

Caspase-3 is the most important protease dur-
ing apoptosis, which is the downstream effec-
tor part of multiple apoptotic pathways, as the
only way of protease cascade of cell apoptosis
[31]. Under normal circumstances, caspase-3
protein is synthesized in the form of very low
activity of plasminogen, which is activated by
the removal of a sequence of amino acid by
hydrolysis [33]. Research has shown that cas-
pase-3 activity is increased in ischemic and
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traumatic SCI animal models. Simple increased
caspase-3 protein does not directly explain the
increase of caspase-3 with activity. So we mea-
sure the activity change of caspase-3 in the
occurrence stage of apoptosis by enzyme-
linked fluorescence assay [34]. Experiments
have confirmed neuronal death begins soon by
apoptotic way and lasts a long period of time
after SCIl. Caspase-3 activity change, cas-
pase-3 protein expression and apoptosis are
consistent over time, suggesting caspase-3 is
involved in the regulation of SCl apoptosis, from
which it can be seen that the increased expres-
sion of caspase-3 may play an important role in
the development of SCI [35]. In this study, we
found that the effect of combination therapy
relieved the caspase-3 activation in rat after
SCI. Zhang et al. reported that BMSCs protect
oxygen-glucose deprivation injury through
decreasing oligodendrocytes apoptosis cas-
pase-3 expressions [36]. Abcouwer et al. indi-
cated that minocycline prevents retinal inflam-
mation and vascular permeability, and sup-
presses the caspase-3 activation in ischemia-
reperfusion injury rat [37]. In this study, our
study hinted that the effect of BMSCs combina-
tion with minocycline on SCI may be applies to
the suppression of caspase-3 activation in rat.

MAPK signal pathway is composed of multiple
protein kinases by delivery times, of which the
basic function is to feel the extracellular stimu-
lating signals, and in turn stimulating the adap-
tive responses of intracellular metabolism and
biochemistry of organisms, leading to the
change in cell function [38]. MAPK signal path-
way is the intersection and common pathway of
the information transmission that the signals
related to cell growth stimulate vertebrate ani-
mal cell growth, proliferation, and differentia-
tion of cells [39]. P38MAPK participates in sig-
nal transduction in the process of neuronal
apoptosis. An increase in the expression of
p-p38MAPK can be seen in the apoptosis of
redundant nerve and glial cells after SCI, indi-
cating the presence of the change in p38MAPK
signal transduction pathway after SCI [40].

ProNGF is a member of the neurotrophic factor
family, as an important factor in the mainte-
nance of normal nervous system development
and function, which plays an important regula-
tory role in the growth and differentiation of
nerve cells, participating in the regeneration
and repair of nerve injury [41]. The biggest
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obstacle in proNGF application to neurological
diseases is that direct intravascular administra-
tion cannot be realized, because it belongs to
biological macromolecules, not easy to cross
the blood-brain barrier [42]. According to the
research of proNGF transfected into fibroblasts
in rats after SCI by local transplantation, NGF
produced by somatic cell transfer is an effec-
tive means to promote axonal regeneration
[43]. In the present study, we found that the
effect of combination therapy suppressed
the p-p38MAPK and proNGF protein expres-
sions in SCI rat. Furthermore, Yang et al. indi-
cated that treatment with BMSCs inhibits the
p-p38MAPK in acute myeloid leukemia [44].
Yune et al. suggested that minocycline treat-
ment inhibits proNGF production through inhi-
bition of the p-p38MAPK [1]. In the present
study, we found that the effect of BMSCs
combination with minocycline suppresses
p38MAPK-dependent proNGF expression in
SCl rat.

P75NTR is a glycoprotein with molecular weight
of 75 kD, of which the function is very compli-
cated, playing an important role in the develop-
ment of nervous system, axonal regeneration
and synaptic plasticity. As a low-affinity neuro-
trophin receptor, it facilitates the integration
with Trk receptors to further enhance neuro-
trophic factor function; moreover, as a co-
receptor of Nogo-66 receptor NgR, it regulates
the signal expression of nerve projections
degeneration caused by growth inhibition fac-
tors [45]. After peripheral nerve injury, p75NTR
expression in DRG sensory neurons falls down
butincreases in glial cells; up-regulated expres-
sion of p75NTR in glial cells is considered to be
related to the prevention of damaged neurons
from apoptosis after binding to BDNF [46, 47].

Growth-inhibiting factor and its related sup-
pression signal is a hot research direction in
the field of central nervous system regenera-
tion in recent years. There are few reports cur-
rently about whether olfactory ensheathing
cells have influence on axons inhibitors and
their related inhibiting signal RhoA at home and
abroad [48]. A molecular biology method is
applied to indicate preliminarily the transplan-
tation of olfactory ensheathing cells can reduce
the expression level of RhoA protein in SCl area,
which may be an important mechanism for
treating SCI by olfactory ensheathing cell trans-
plantation [49]. In our study, we found that the
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effect of combination therapy weakens the pro-
tein of p75NTR and RhoA expressions after SCI.
Edalat et al. showed that BMSCs reduced apop-
tosis through suppression of p75NTR during
neural differentiation in rat [50]. Yune et al.
suggested that minocycline impairs death of
oligodendrocytes through inhibiting p75NTR
and RhoA expressions after SCI [1].

In conclusion, we conclude that the positive
effects of BMSCs combination with minocy-
cline on the improved functional through anti-
inflammation, activation of VEGF and BDNF,
anti-apoptosis, suppression of p38MAPK-
dependent proNGF expression, and suppres-
sion of p75NTR and RhoA in SCI rat. These
results imply that the positive effects of BMSCs
combination with minocycline may represent a
promising strategy for clinically applicable ther-
apy for initiation of neuroprotection after SCI.
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