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Abstract
Background: Stem cell transplantation maybe an advantaged method for curing spinal cord injury (SCI).
However, the adverse environment of the injured area makes the treatment effects on transplantation
unsatisfactory. The aim of this study was to investigate whether AC-YVAD-CMK could change enviroment
by inhibiting caspase-1-mediated imflammatory response to improve Bone marrow stromal cells
(BMSCs) transplantation on neuroprotection after SCI.

Methods: Firstly, BMSCs were prepared and cultured in vitro and the SCI rat model was constructed. Then,
AC-YVAD-CMK and BMSCs were injected into the SCI model at the same time. Western blot and ELISA
were used to detect the production of inflammatory factors and neurotrophic factors in the injured area,
meanwhile immunohistochemistry was employed to clarify the effect of AC-YVAD-CMK on BMSCs
transplantation. Finally, we evaluated the recovery of limb motor function by BBB score in SCI rats.

Result: In the AC-YVAD-CMK + BMSCs group, the active caspase-1, IL-18 and IL-1β expressed less than
those in the BMSCs group or AC-YVAD-CMK group at 1 week after SCI (P < 0.01). Meanwhile, increasing
brain derived neurotrophic factor (BDNF) and neurotrophin-3 (NT-3) levels, the PKH26 labeled BMSCs with
some being neurofilament protein-200 (NF-200)-positive were still observed in the contusion site.
Furthermore, the restoration of motor connections across the injury sites was positively correlated with
the recovery of spinal cord function in cotreatment group (P < 0.01).

Conclusions: These results show that caspase-1-mediated inflammatory response is inhibited by AC-
YVAD-CMK to enhance BMSCs transplantation to improve neuroprotection after SCI.

Introduction
Spinal cord injury (SCI) refers to complete or incomplete spinal cord motor, sensory, sphincter and
autonomic dysfunctions resulted from the violent attack on spinal cord [1]. Epidemiological data show
that the incidence of SCI is approximately 54 cases per million people in the United States, or
approximately 17,000 new SCI cases each year. Vehicle crashes are currently the leading cause of injury
followed by falls, acts of violence, and sports/recreation activities, according to the National Spinal Cord
Injury Statistical Center [2]. It is one kind of devastating disease in orthopedics and causes serious
physiological and psychological damage to the patients [3-5]. Researchers found that the final
neurological damage of SCI is caused by two mechanisms, namely primary injury and secondary 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 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 [6]. This is an active adjustment process of the cell and molecular levels,
reversible and able to be controlled. Up to date, there are many therapies to treat SCI, such as, inhabiting
inflammation response, transplanting stem cells [7-9]. Unfortunately, there are still no effective measures
for repair of the damaged spinal cord.
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As we all know, caspases are cysteine proteases that are key effector enzymes of apoptotic cell death
[10]. They can be activated by either internal or external stimuli to the cell. Activation of caspase-1
initiates a complex cascade of enzymes and molecules, terminating in a final pathway for cell death [11].
And caspase-1, previously known as IL-1β-converting enzyme, is a critical mediator of apoptosis after not
only Central Nervous System (CNS) insults, such as trauma and ischemia, but also in chronic
neurodegeneration, including Parkinson disease and multiple sclerosis (MS) [12,13]. Moreover, AC-YVAD-
CMK is an irreversible tetrapeptide inhibitor of caspase and has good cell permeability [14,15]. Although it
shows selectivity for caspase-1 family enzymes, it also inhibits other caspases [16]. At the same time,
related research shows that AC-YVAD-CMK can protect brain tissue in the agains intracerebral
hemorrhage (ICH) induced injury by inhibiting inflammatory reaction, and can improve the neurological
function after cerebral hemorrhage [13,17]. Zhang F et al.concluded that AC-YVAD-CMK attenuates acute
gastric injury in mice: involvement of silencing NLRP3 inflammasome activities [18]. Moreover,
NKaraoğlan A et al. found that AC-YVAD-CMK inhibites posttraumatic apoptosis in a rat SCI model [19].
Therefore, the use of AC-YVAD-CMK to inhibit caspase-1-mediated inflammatory response plays a
positive role in the recovery of damaged tissues.

Meanwhile, stem cells that are capable of contributing trophic support or integrating into functional
synaptic networks with host tissues are being developed for therapeutic use after SCI [20,21]. Bone
marrow stromal cells (BMSCs) are considered as a kind of clinical applaction stem cells for autologous
transplantation and no ethical issue [22]. And we have also confirmed, BMSCs transplantation for the
treatment of SCI is feasible, because BMSCs is directionally induced to differentiate into neuron-like cell
and secret neurotrophic factors [23]. But the simple effect of BMSCs transplantation therapy on SCI is
limited. One of the reasons is the unsatisfying survival rate and neural differentiation of BMSCs after
transplantation in vivo [24]. The extremely unfavorable environments, including activation of
inflammatory processes, lack of trophic support, the presence of the glial scar, all of which are inhibitory
to structural repair, may contribute to the lower survival rate of BMSCs following transplantation [25, 26].
Tan Y et al. found that blockade of interleukin 6 signaling improves the survival rate of transplanted bone
marrow stromal cells and increases locomotor function in mice with spinal cord injury [27]. These results
show that stem cell transplantation is an effective method to treat SCI, but the inflammatory environment
after transplantation may be an important reason to limit its effect.

Therefore, we propose the hypothesis that AC-YVAD-CMK inhibited caspase-1-mediated imflammatory
response to improve BMSCs transplantation on neuroprotection after SCI.

Materials And Methods

Animals
In this study, 8-10 weeks old female Sprague-Dawley (SD) rats (200-250g) were selected. The living
conditions, surgical methods and postoperative care of all animals were approved by the animal
experimental Committee of the First Affiliated Hospital of Harbin Medical University.
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Cell isolation, culturing and labeling
Partially purified stem cell–enriched BMSCs were prepared as previously described [28]. Briefly, BMSCs
were obtained from the femurs and tibias of 4-week-old female SD rats (Harbin, Heilongjiang, China) and
fractionated by density centrifugation using Lymphoprep! density solution (density: 1.077; Nycomed
Pharma, Oslo, Norway). After centrifugation, whole mononuclear cells were collected from the interface
and extruded with 10mL of DMEM/F12. The remaining cells were cultured in DMEM/F12 supplemented
with 10% fetal bovine serum (Gibco BRL), 3mML-glutamine, 100U=mL penicillin, 100U=mL streptomycin
sulfate, and incubated at 37℃ with 95% humidity and 5% CO2. After 48h of incubation, the nonadherent
cells were removed by changing the medium. The BMSCs were passed four times before being used in
the following experiments.

Before transplanting BMSCs were labeled with the red fluorescent cell tracking dye PKH26 (Sigma-
Aldrich) following the manufacturer's instructions. The efficiency of cellular labeling (routinely 100%) was
examined with a fluorescence microscope.

Spinal cord injury modle
The rats were anesthetized by an intraperitoneal injection with 5% chloral hydrate (30mg/kg). After
adequate amounts of anesthetized, the rats were fixed on the sterile table. Using aseptic techniques, a
midline incision was made in the back in the skin and musculature to expose the T9-T11 vertebrae. Then
a complete laminectomy was performed on the 10th thoracic spinal cord level exposing the cord using a
surgical microscope. After laminectomy, the spinal cord was compressed by placing a 50 g weight on the
exposed spinal cord column for 5 min using a rectangular plate which was longitudinally oriented over
the spinal cord. The plate had an area of 11.0 mm2 (2.2×5.0 mm) and a concave shape that ensured
equal distribution of the pressure on the spinal cord tissue. It was considered that the model was
successful to see the spastic tail swing of rats, paralysis of upper and lower extremities after retraction
and flapping of both legs and body. The wound site was rinsed with sterile phosphate-buffered saline
(PBS) with 0.1% gentamicin, the muscles were sutured in layers, and the skin was closed. During the
whole process, the body temperature of the rats were maintained until they woke up. After the operation,
the rats were assisted to urinate 3-4 times a day until the function of urination recovered. After the
operation, penicillin was injected intraperitoneally for 100 mg/kg/D × 3 D to prevent infection.

Experimental groups and intraperitoneal administration
Eighty rats were divided into four groups: (i) SCI group; (ii) AC-YVAD-CMK treatment group: intraperitoneal
injection of AC-YVAD-CMK dissolved by DMSO (10mg/kg) immediately after injury, three times every
other day; (iii) BMSCs treatment group: immediately after injury, 1×105 BMSCs were injected into 3ul
medium with microinjector to the epicenter of spinal cord contusion, and single dose DMSO with equal
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volume was injected into abdominal cavity; (iiii) Combined treatment group (AC-YVAD-CMK + BMSCs):
immediately after injury, inject AC-YVAD-CMK solution and BMSCs into corresponding parts.

Western blot
Immediately after the rats (n=4 for each group) were deeply anesthetized and transcardially perfused with
0.9% ice-cold saline, the spinal cord tissues around the epicenter of the lesion (10 mm in total length)
were carefully isolated at the end of first week. The spinal cord tissues were digested with RIPA lysate
containing PMSF and 1% protease inhibitor for 30 min and the protein concentration was determined
using the BCA method and stored at −80℃. Different samples with an equal amount of protein were
separated using 12% SDS-polyacrylamide gels and transferred to nitrocellulose membranes. After
blocked with 5% skim milk at room temperature for 1h, the members were incubated with primary
antibodies against pre-caspase-1 (1:200), active-caspase-1 (1:200), IL-1β (1:100), IL-18 (1:100), and β-
actin (1:1000) at 4℃ overnight. After 3 washes with TBST (Tris-buffered saline and Tween 20, PH 7.5),
the membranes were appropriately incubated with secondary antibodies (HRP, 1 : 1500 dilutions) at room
temperature for 2h. The images were captured by means of the Odyssey Infrared Imaging System (LI-
COR, Biosciences) and the band intensities were measured with Odyssey v1.2 software (LI-COR,
Biosciences).

BDNF and NT-3 assay
In the present study, we also detected the levels of brain derived neurotrophic factor (BDNF) and
neurotrophin-3 (NT-3) at the end of the first and eighth week after operation. The rats (n=4 for each group
per time point) were anesthetized with 1% sodium pentobarbital (40 mg/kg) and transcardially perfused
with 200 mL of ice-cold 0.1M PBS, pH 7.2. A 5-mm long segment of spinal cord containing the lesion site
and substitutes was excised on dry ice. The segment was weighed and then mechanically homogenized
in ice-cold 0.1M PBS. Homogenates were centrifuged for 10 min at 14,000 rpm at 4℃, and the
supernatant fluid was detected with a BDNF kit (R&D Systems, Minneapolis, MN) and an NT-3 ELISA kit
(Abnova, Taipei, Taiwan), according to the manufacturer’s instructions. The samples were always
analyzed in triplicate. Histological analysis The animals were given an overdose of Nembutal (80 mg/kg,
i.p.) and were transcardially exsanguinated with 150 mL of physiological saline followed by fixation with
ice-cold 4% paraformaldehyde in 0.01M PBS (pH 7.4). Spinal cords were dissected and postfixed and
cryoprotected.

Immunohistochemistry
The rats (n=6 for each group) were transcardially perfused with 100ml 0.9% ice-cold saline and 100ml 4%
paraformaldehyde under deep anesthesia at the end of the first and eighth week after operation. The
spinal cords were harvested and fixed with 4% paraformaldehyde for 24h, then in 10% and 30% sucrose



Page 7/18

until saturation successively and embedded them in OCT compound and sectioned them frontally at 20
mm on a cryostat. For immunofluorescence staining, the sections were blocked with 10% normal goat
serum in PBST (0.1%) for 1h after pushed with PBST for 5 min × 3 times and incubated overnight at 4°C
with the primary antibodies: ployclonal anti-mouse antineurofilament protein-200 (NF-200, 1:100) to
identify axons. After several pushed with PBST, the sections were incubated with FITC antibody in the
darkroom. The images were acquired using inverted fluorescence microscope and confocal microscopy.

Functional assessment and electrophysiological analysis
At 1-day postoperation (1d) and weekly thereafter, the rats were functionally monitored using the well-
characterized Basso–Beattie–Bresnahan (BBB) locomotor rating scale, which is graded from 0 (absence
of performance) to 21 (completely normal gait performance).24 rats were placed on a 2 × 3 m2 open field
and observed for 5 mins by two observers who were blinded to the experimental grouping. They
individually scored every rat at the same time, and the ultimate scores of the rats were averaged. The
animals survived and exhibited no signs of autophagia throughout the course of the experiment.

Motor-evoked potentials (MEPs, n=6 for each group) were measured at the end of the first day and the
eighth week after operation, as described in our previous work.26 Interelectrode impedances were
maintained below 3.5–5 kX. The bandpass filter was 10–3000 Hz. Evoked responses were displayed on a
Cadwell Excel monitor (S-100, Medtronic, Dantec Company, Denmark).

Quantitative and statistical analysis
For quantification, all photographs were taken using a confocal microscope (LSM 510 Meta, Zeiss,
Germany). Quantitative analyses of NF-200-positive fibers, equivalent regions were analyzed for each
subject (T10 level). Throughout every eighth section, the length of the excised segment of rat spinal cord
was analyzed. Ten areas were chosen randomly from all the sections containing NF-200-labeled axons.
Image analysis was performed with Image-Pro Plus software (Version 5.0; Media Cybernetics, The
Imaging Expert, Silver Spring, MD). The percentage of each area containing NF-200-immunoreactive
axons was measured, and the values in all the sections were averaged. The NF-200 immunoreactivity of
each section at T10 level was expressed as a value relative to ones at T9 (taken as 100% of NF-200-
labeled axons for each animal) in the experimental groups.

All the data from this study were presented as means with standard deviation (SD). All statistical
analyses were performed using SPSS 18.0 (SPSS, Chicago, IL). BBB scores were analyzed using two-way
repeated-measures analysis of variance, which showed an overall significant effect of treatment. The
other data were compared between groups with one-way analysis of variance (ANOVA) followed by the
Student-Newman-Keuls post hoc q test. A value < 0.05 was considered to be statistically signific.

Results
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Expression of caspase-1, IL-1β, and IL-18 in the difference
groups
Compared with treatment groups, the levels of active caspase-1, IL-18 and IL-1β were observed most
significantly increased at the end of 1 week in the control group (P < 0.05). Meanwhile, the active
caspase-1, IL-18 and IL-1β in cotreatment group (BMSCs + AC-YVAD-CMK) expressed less than those in
the BMSCs group or AC-YVAD-CMK group at 1 week after spinal cord injury (P < 0.01) [Fig. 1]. These data
showed the caspase-1 was inhabited by AC-YVAD-CMK and the BMSCs had anti-inflammation affects.

Neurotrophin secretion in the lesion site of SCI
At the end of the first week after SCI, the levels of BDNF and NT-3 within the lesion in the AC-YVAD-CMK +
BMSCs group were significantly increased, compared to the other groups (P < 0.01) [Fig. 2A]. Meanwhile,
at the end of the eighth week, the content of BDNF or NT-3 in the SCI group was lower than those in the
treatment groups (P < 0.01) [Fig. 2B]. In addition, we found that BMSCs transplanted therapy could
increase BDNF and NT-3 levels in the spinal cord, especially in the AC-YVAD-CMK + BMSCs group (P <
0.05) [Fig. 2A and B].

BMSCs transplanted survival and axonal regeneration
BMSCs were labeled with the red fluorescent cell tracking by the dye PKH26 and injected in the lesion
zone of spinal cord immediately after injured. After 1 week injection, both in the groups with BMSCs
transplantation, the transplanted PKH26 labeled BMSCs were easily identified within the lesion zone by
their red fluorescence. However, the number of PKH26 labeled cells was similar in the cotreatment group
and in the BMSCs transplant alone group (data is not shown). At the 8 weeks post-injection, hardly any
PKH26 labeled BMSCs could be found in or near the contusion site in the BMSCs transplant alone, but
some PKH26 labeled BMSCs were still observed in the contusion site in the cotreatment group (P < 0.01)
[Fig. 3A and B].

Meanwhile, axons regeneration were evaluated within the lesion by the end of the eighth week after injury.
In the AC-YVAD-CMK + BMSCs group, a large amount of thick and long NF-200-positive fibers (48.5% ±
4.68%) were observed throughout the thoracic region of the cord. In contrast, fewer NF-200-positive fibers
were found within the injury epicenter of the BMSCs group (9.05% ± 2.92%; P < 0.01) [Fig. 3A and C]. In
addition, very few NF-200-positive fibers were observed within SCI model group (data not shown). We
also found that more BMSCs may different into neuro-like cells (yellow) at the lesion site in the AC-YVAD-
CMK + BMSCs group [Fig. 3A]. These data indicated that the axons were partially regenerated in the
BMSCs groups, with the best results found in the AC-YVAD-CMK + BMSCs group.
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The locomotor functional recovery and neural circles were
re-established
As shown in Fig. 4, compared to the other groups (the second week), the BBB scores in the AC-YVAD-CMK
+ BMSCs group demonstrated a significant improvement in the subchronic phase (up to about the
second week after the operation, P < 0.01 vs. other groups). The improvement was maintained
throughout the whole chronic phase of recovery at the end of the experimental time. The improvement
was also detected in the AC-YVAD-CMK or BMSCs group, compared to the SCI group (P < 0.05) at the end
of eight weeks. In the AC-YVAD-CMK + BMSCs group, we observed that the rats could occasionally
support plantar steps (11.330.4) at the end of the eighth week, which was better than the BMSCs group
(extensive movement of all three joints, 7.670.4; P < 0.05) and the AC-YVAD-CMK group (5.58  0.58; P <
0.01).

We also measured the spinal cord conductivity at the end of the first day and the eighth week after spinal
cord injury in each experimental group (Table.1). No obvious MEPs were recorded in any of the rats at the
first day after operation (data not shown). However, at the end of the eighth week, both the latency and
amplitude of the MEPs recovered obviously in the AC-YVAD-CMK + BMSCs group and in the AC-YVAD-
CMK or BMSCs groups, compared to the SCI group (P < 0.01). Moreover, the MEPs in the AC-YVAD-CMK +
BMSCs group also demonstrated better recovery by their electrophysiological parameters than those in
the AC-YVAD-CMK or BMSCs groups (P < 0.05). These data indicated that the neural loop was partially
regenerated in the treatment groups, with the best results found in the AC-YVAD-CMK + BMSCs group.

Table 1
Latency and Amplitude of MEP at the end of the 8th week.

Group N Latency (ms) Amplitude (μV)

SCI

AC-YVAD-CMK

BMSCs

AC-YVAD-CMK + BMSCs

6

6

6

6

8.23±0.45*

6.48±0.51

5.78±0.32

4.15±0.45#

77.4±5.37*

208.5±11.00

236.5±14.26

529.71±2.72#

*SCI group versus all other groups, P < 0.01; #AC-YVDA-CMK + BMSCs group versus the AC-YVAD-
CMK or BMSCs groups, P < 0.05. Values are mean ± SD.

Discussion
Locomotor function recovery after SCI is still a challenging issue in clinical practice. Many ways were
used to repair SCI, such as stem cell transplantation, new materials and noval drugs. The combination
therapies may be an effective way to promote restorate motor function after SCI. In the present study, We
decided to use caspase-1 inhibitor (AC-YVAD-CMK) to repair SCI on the basis of BMSCs transplantation.
This study was designed on the basis that AC-YVAD-CMK inhibited caspase-1 active inflammation to
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improve the local microenvironment for promoting the survival of BMSCs transplanted to crue SCI. In this
study, our results demonstrated that the combination therapy (AC-YVAD-CMK + BMSCs) was more
effective on reducing the expression of the inflammatory factors (IL-1β and IL-18) than single use AC-
YVAD-CMK or BMSCs. In addition, the BDNF, NT-3 levels and the number of NF-200-positive fibers within
the lesion site were significantly increased at the end of the eighth week. Then the survival rate of grafted
BMSCs was the most promoted in the AC-YVAD-CMK + BMSCs group. Finally, we found that locomotor
function was obviously improved in the cotreatment group. Thus, the results of our study suggested that
AC-YVAD-CMK inhibited caspase-1-mediated inflammatory response to enhance BMSCs to improve
neuroprotection after SCI.

As we all know, it has been reported that the mechanism of SCI is very complex, including inflammation
reaction, the less nurotrophic factors and neurons lost within the lesion site, which may inhibit axonal
regrowth [29]. Inflammation is one of the main mechanisms after the acute SCI [30,31]. Meanwhile,
previous studies have revealed that caspase-1 appeared to play a role in tissue injury by participating in
the inflammatory pathways [32]. Activation of caspase-1 in a cell can lead to cleavage and activation of
additional molecules of the same or other proteases, leading to an amplified protease cascade [9]. Li M et
al. [33] have firstly shown that caspase-1 is activated in neurons after SCI. They demonstrated a 17-fold
increase in caspase-1 activity in injured animals when compared with sham operated mice at 24 hours
after trauma. Similarly, Fink KB and colleagues [34] revealed that inhibition of caspase-1 cascade causes
a reduction of posttraumatic brain injury. What’s more, IL-1β is a mediator of inflammation with direct
neurotoxic effects [10]. It is secreted by microglias, astrocytes, macrophages, and neutrophils in the CNS,
and is proteolytically cleaved by caspase-1 from pro-IL-1β [35]. Researchers have revealed that AC-YVAD-
CMK inhibits the mature of IL-1β [14,15]. In an experimental study, Ray AM et al. [36] observed that AC-
YVAD-CMK provided prolonged neuroprotection against neuronal death induced by oxygen and glucose
deprivation in hippocampal slices, and they considered that its effect was not directly a result of
inhibition of IL-1β. Combining with these research results, in the present study, AC-YVAD-CMK was used to
inhibit caspase-1 activity implicated to change the terrible environment. Our findings also demonstrate
that the effect of AC-YVAD-CMK shown by inhabiting the caspase-1 expresion. The levels of caspase-1 at
the same period was significantly decreased. Similarly, IL-1β and IL-18 were also decreased after the AC-
YVAD-CMK treatment. Therefore, AC-YVAD-CMK can effectively inhibit caspase-1-mediated inflammatory
response after tissue injury and promote functional recovery.

Meanwhile, most of the studies showed that BMSCs transplanted alone could improve the locomotor
function following spinal cord injury [18,19,21]. Previous studies have demonstrated that BMSCs could
secret neurotrophins to improve the axonal regeneration, such as BDNF, NT-3 [20]. Neurotrophins provide
a powerful survival signal for neurons and support axonal regrowth. Among these neurotrophins, BDNF
and NT-3 are significant members of the neurotrophic factors family and play important roles in neuronal
injury repair [37]. Furthermore, it has been demonstrated that many stem cells can increase the amount of
BDNF and NT-3 after spinal cord transaction, such as BMSCs, neural stem cells and Schwann cells [20].
However, the locomotor function was limited improved. The researchers found the survival of
transplanted BMSCs was too low to playing its important affects on proving the axonal regeneration,
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such as secreting neurotrophic factors or different into neural like cells. Then, Satin AM et al.
used platelet-rich plasma and hyaluronic acid to improve the survival rate of BMSCs and got satisfactory
results [38]. In our study, we chose BMSCs with AC-YVAD-CMK to enhance the survival rate of BMSCs
transplanted. We found that the levels of BDNF and NT-3 were obviously increased in the spinal cord
tissue surrounding the lesion site. Finally, we detected that NF-200 positive fibers were significantly
increased within the lesion site in the treatment groups, especially in the AC-YVAD-CMK + BMSCs group. It
has been demonstrated that the number and the thickness of NF-200 positive fibers may indicate more
axonal regeneration. Therefore, our results indicated that the axons were successfully regenerated and
motor function was recovered. From evaluate local motorfuction, our results show that higher BBB scores
were obtained at the end of eight weeks after surgery in the treatment group ( specailly in the AC-YVAD-
CMK + BMSCs group), compared to the control group. In addition, the electrophysiology results
demonstrated that the latency and amplitude of the MEPs were obviously recovered in the experiment
groups. The results suggested that AC-YVAD-CMK with BMSCs could effectivly repair SCI.

Conclusions
In summar, we found that the positive effects of AC-YVAD-CMK combination with BMSCs on the
improved locomotor functional through anti-caspase-1-mediated inflammatory response, survival rate of
BMSCs, and activation of BDNF and NT-3 and improvement of axonal regeneration in SCI rat. These
results suggest that the application of AC-YVAD-CMK on the basis of BMSCs transplantation may provide
a promising treatment strategy for the neuroprotection after SCI.
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Figure 1

A: The images of pro-caspase-1, active-caspase-1, and mature IL-1β/IL-18 were assayed by western blot.
(B-C) Quantification of protein active-caspase-1, mature IL-1β and mature protein IL-18 in all groups. *P <
0.05, AC-YVAD-CMK or BMSCs group vs SCI Control group, #P < 0.01, AC-YVAD-CMK + BMSCs vs other
groups. 1: Control group; 2: AC-YVAD-CMK group; 3: BMSCs group; 4: AC-YVAD-CMK + BMSCs group.
Values are mean ± SD.
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Figure 2

A: At the end of the first week, note that BDNF and NT-3 in the AC-YVAD-CMK + BMSCs group were
significantly higher than the other groups (#P < 0.05). B: At the end of the eighth week, the levels of BDNF
and NT-3 were obviously increased in the AC-YVAD-CMK, BMSCs and AC-YVAD-CMK + BMSCs groups,
compared to the SCI group (*P < 0.01), especially in the AC-YVAD-CMK + BMSCs group (AC-YVAD-CMK +
BMSCs group vs. AC-YVAD-CMK or BMSCs group, #P < 0.05). 1: SCI group; 2: AC-YVAD-CMK group; 3:
BMSCs group; 4: AC-YVAD-CMK + BMSCs group. Values are mean ± SD.

Figure 3

A: Few NF-200-positive fibers (green) were found throughout the lesion in the BMSCsl group, and fewer
BMSCs (red) in the site. In the AC-YVAD-CMK + BMSCs group, there were more BMSCs in the lesion and
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more thick and long NF-200-positive fibers passed through the region of the traumatic cord. B:
Quantitative measurements of the survival BMSCs axons at the end of the eighth week (*P < 0.01). C:
Quantitative measurements of the NF-200-positive axons at the end of the eighth week after SCI. Note
that AC-YVAD-CMK + BMSCs group versus the BMSCs group (#P < 0.01); Values are expressed as mean ±
SD. Scale bar: 20 μm in A.

Figure 4

For the BBB scores obtained, the AC-YVAD-CMK + BMSC group showed significant improvement in open-
field locomotion compared with the AC-YVAD-CMK, BMSCs and SCI groups at all time points from the
second week PO (*P < 0.01; SNK q test). At the end of eight weeks, AC-YVAD-CMK or BMSCs groups
compared to the SCI group (**P < 0.05).


