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Abstract: Spinal cord injury (SCI) is a major cause of long-term functional disability and has no clinically accepted
treatment. Electro-acupuncture (EA), a traditional Chinese medical method, has been widely used for a range of
neurological disorders, including SCI. Here, we sought to evaluate the role of EA to promote functional recoveries
after SCl in rats and its molecular mechanisms. We firstly evaluated the therapeutic efficacy of EA in SCI model rats.
Then we assessed the impact of EA on spinal cord neuronal apoptosis and examined activation of mitogen-activated
protein kinases (MAPK) in spinal cord tissues of SCI rats by the terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay, immunohistochemistry and Western blot. Further, the miRNA expression patterns in spinal
tissues of SCI rats before and after EA treatment was analyzed by microarray analysis and validated using quan-
titative real-time polymerase chain reaction (QRT-PCR). Finally, luciferase reporter assay was used to validate the
correlation between miR-181a and MKP-5 in BV-2 cells. We demonstrated that EA significantly improved functional
recovery of SCl rats. EA inhibited caspase-3 activation and alleviated cell apoptosis after SCI. We also found that the
activation of p38 MAPK/iNOS pathway after SCI was significantly attenuated by EA. In addition, the microarray data
revealed that a total of 43 differentially expressed miRNAs were regulated by EA. Among these miRNAs, miR-181a
was one of the most dysregulated miRNAs after EA therapy and selected for further study. The anti-apoptotic role of
EA-downregulated miR-181a was mediated by direct interaction with MAPK phosphatase-5 (MKP-5), a novel identi-
fied player involved in spinal cord cells apoptosis. Our results suggest that the neuroprotection by EA may be partly
mediated via inhibition of p38 MAPK activation by regulating miR-181a in SCI rats. Thus, this study reports a novel
mechanism for the clinical treatment of SCI using EA and opens up a novel avenue for treatment of SCI, especially
by combining with drug therapy.
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Introduction acupuncture (EA) is an effective method of acu-
puncture, and has been well documented that
EA relieves neurological dysfunction in neuro-
degenerative disorders, such as Parkinson’s

disease (PD) and ischemia [5, 6]. Recent ob-

Spinal cord injury is one of the most prevalent
devastating injury observed in the central ner-
vous system (CNS), which usually results in dev-

astating neurological changes and disability
[1]. Although great efforts have made to ame-
liorate functional outcome of patients with SCI,
advances in therapy for this disease have been
limited thus far. Therefore, it has been become
imperative to search for novel therapeutic inter-
ventions of SCI.

Increasing evidence supports that acupuncture
(AP) open up a novel avenue for treatment of
numerous disorders, including analgesia, pain
control, promotion of homeostasis and improve-
ment in brain blood circulation [2-4]. Electro-

servations showed that EA at the acupoints of
Governor Vessel (Du Meridian) and Jiaji (EX-B2)
had an effectively therapeutic effect on treat-
ment of SCI in rats [7]. In particular, a recent
report shows that EA could inhibit neuronal
apoptosis in the spinal cords of cats subjected
to partial dorsal root ganglionectomy, possibly
by Bax downregulation and Bcl-2 upregulation
[8]. However, limited studies have pay attention
on the underlying mechanisms of EA after SCI.

Based on these observations, we hypothesized
that EA may exert neuroprotective effects after
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SCl in rats. In the present study, we found that
EA could improve locomotor function after SCI
in part by inhibiting apoptotic cell death in the
spinal cords of rats. Furthermore, we investi-
gated the role of miR-181a on the anti-apop-
totic effects of EA in SCI via inhibition of p38
MAPK pathway by targeting MAPK phospha-
tase-5 (MKP-5). The results of the present stu-
dy may help to provide a new therapeutic tar-
get for the treatment of SCI.

Materials and methods
Cell culture and transfection

The immortalized murine BV-2 cell line was pur-
chased from the Chinese Academy of Medical
Science and cultured in DMEM/F12 (Hyclone,
Waltham, MA, USA) supplemented with 10%
fetal bovine serum (Hyclone), 100 U ml* penicil-
lin and streptomycin in 25-cm? culture flasks
at 37°C in a humidified atmosphere with 5%
CO,. Then, miR-181a mimic, miR-181a inhibitor
or miR negative control (Genepharma, Shang-
hai, China) were pre-incubated with Lipofecta-
mine 2000 (Invitrogen) with the final concen-
tration of miRNA analogs at 100 nmol I,

Spinal cord injury

Adult male Sprague-Dawley rats (250-300 g)
were purchased from the Animal Center of the
Chinese Academy of Sciences. Rats were anes-
thetized with 10% chloral hydrate (3.5 mL/kg,
i.p.). A laminectomy was carried out at the
TO-T10 level, exposing the cord beneath with-
out damaging the dura. The spinous processes
of T8 and T11 were then clamped to stabilize
the spine, and the exposed dorsal surface of
the cord was subjected to contusion injury (10
gx25 mm) using a New York University impactor
as previously reported [9]. For the sham-oper-
ated controls, the animals underwent a T10
laminectomy without weight-drop injury. All sur-
gical interventions and postoperative animal
care were performed in accordance with the
Guidelines and Polices for Rodent Survival Sur-
gery provided by the Animal Care Committee of
the Shanghai Jiaotong University.

Electro-acupuncture stimulation procedure

Rats were randomly divided into two groups:
a SCI group and an EA-treated (SCI-EA) group.
For EA treatment, the rats were immobilized
in wooden holders. Two needles were inserted
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into the rostral-caudal sites of the injured spi-
nal cord and were then connected to the out-
put terminals of an electro-acupuncture appa-
ratus (Model G6805-2A, Shanghai Huayi Medi-
cal Electronic Apparatus Company, China) and
stimulated by continuous wave of 2 Hz frequen-
cy and 0.2 mA intensity for 30 minutes. EA was
administrated both at 2 hours and 8 hours of
postsurgery.

Basso-Beattie-Bresnahan (BBB) tests

Locomotor activity was evaluated at 1, 3, 7, 14,
21, and 28 days post-injury using the BBB loco-
motion scale. Two independent and well-trained
investigators who were blind as to the experi-
mental conditions as described [10], observed
the movement and scored the locomotor func-
tion according to the BBB scales. The final sco-
re of each animal was obtained by averaging
the values from both investigators.

Tissue preparation

After SCI, animals were anesthetized with chlo-
ral hydrate and perfused via cardiac puncture
initially with 0.1 M PBS (pH 7.4) and subse-
quently with 4% paraformaldehyde in 0.1 M
phosphate buffer. A 20 mm section of the spi-
nal cord, centered at the lesion site, was dis-
sected out, post-fixed by immersion in the same
fixative overnight and placed in 30% sucrose
in 0.1 M PBS. The segment was embedded in
OCT, and longitudinal or transverse sections
were then cut at 10 or 16 ym.

TUNEL staining and immunohistochemistry

TUNEL was performed according to the instruc-
tions of the manufacturer (Oncor, Gaithersburg,
MD) as described previously [11]. Briefly, slides,
prepared as described, were washed with PBS
three times, and incubated for 15 min at RT
with a 20 yg/ml Proteinase K (Gibco BRL). The
slides were rinsed twice times with PBS before
being incubated in TUNEL reaction mixture for
60 min at 37°C. After rinsing with PBS three
times for 3 min, sections were incubated with
HRP-streptavidin reagent (1:200) in PBS for 30
min at RT.

For immunohistochemistry, cross sections cen-
tered within the injured part of the spinal cord
segments were incubated with 3% H,0, to elim-
inate endogenous peroxidase activity and then
washed several times in phosphate-buffered
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saline. After incubating in 0.15% Triton X-100 at
room temperature and blocking with 1% goat
serum albumin in modified D-PBS Tween-20 for
1 h, the sections were incubated overnight with
rabbit anti-caspase 3 antibody (1:200, Millipore).
Next, sections were incubated with horseradish
peroxidase-conjugated secondary antibody for
2 h. Diaminobenzidine served as the substrate
for peroxidase.

MiRNA microarray assay

The microarray analysis for miRNA profiling was
conducted by the miRCURY LNA Array system
(Exigon, Vedbaek, Denmark). Total RNA from
10 mm long segment of spinal cord prepared
as described was extracted and purified, using
the miRNeasy FFPE Kit (Qiagen, Hilden, Ger-
many), following the manufacturer’s instruc-
tions. Hybridization and scanning were per-
formed according to the Affymetrix standard
protocol, using Affymetrix® GeneChip™ Com-
mand Console software (AGCC). Discriminant
miRNAs and differences between groups were
analyzed using Bayes moderated t test (lim-
ma), with Benjamini Hochberg false discovery
rate (FDR) at P<0.05, unless otherwise speci-
fied. A cut-off of 2-fold change and FDR<0.05
was applied to select up-and down-regulated
mMiRNAs.

Quantitative real-time RT-PCR

Total RNA from 10 mm long segment of spinal
cord prepared as described was extracted with
TRIzol (Invitrogen, CA) according to manufac-
turer’s instructions. Total RNA from each sam-
ple was reverse-transcribed to cDNA using the
PrimeScript RT reagent Kit (TaKaRa, Tokyo, Ja-
pan) and gRT-PCR was performed using the
SYBR Premix Ex Taq (TaKaRa, Tokyo, Japan)
and miRNA-specific primers for three down-reg-
ulated (miR-511, miR-181a, and miR-572) and
three up-regulated miRNA species (miR-378,
miR-279, and miR-494). The relative microRNA
levels were normalized to U6 expression for
each sample. Analyses of gene expression
were performed by the 222Ct method.

Western blot

Protein extracts (50 ug) were separated by 12%
SDS-PAGE and then transferred onto a PVDF
membrane. After blocking non-specific binding
sites with 5% skim milk in TBST (0.5% Tween 20
in TBS) for 1 h at room temperature, the mem-
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branes were incubated with primary antibodies
for phosphorylated MAPKs (p38 MAPK, MAPK-
APK-2 and p-ERK) (1:1000 dilution; Cell Signal-
ing Technology), iINOS (inducible Nitric Oxide
Synthase) (1:400, Millipore, Bedford, MA, USA),
cleaved caspase 3, cleaved caspase 9, cleaved
PARP, (rabbit, 1:2000, Abcam, Cambridge, UK),
caspase-3 (1:200), Bcl-2 (1:500), MKP-5 (rab-
bit, 1:1000, Santa Cruz Biotechnology), and
B-actin (1:5000) overnight at 4°C. Finally, after
washing, the membranes were treated with an
HRP-conjugated secondary antibody (anti-rab-
bit, 1:5000, Jackson, USA) for 2 h at room tem-
perature, and washed repeatedly. The protein
bands were visualized by enhanced chemilumi-
nescence detection reagents (ECL) (Applygen
Technologies Inc., Beijing, China) as described
in the manufacturer’s instructions. Relative
band intensities were determined by densitom-
etry using Scion image software (version 4.0).

Luciferase reporter assay

A whole fragment of 3'UTR MKP-5 mRNA and a
mutant form were cloned into pGL-3-Luc. The
BV-2 cells were seeded in 12-well plates and
co-transfected with pGL-3-MKP-5 wild-type or
mutant portion and TK100 Renilla combined
with miR-181a mimic, miR-181a inhibitor or
each control, respectively, using Lipofectamine
2000 (Invitrogen). After 48 h of incubation,
cells were collected for application in the Dual-
Luciferase Reporter System (Promega, Madi-
son, WI) following the manufacturer’s recom-
mendations. All of the dual-luciferase reporter
assays were done in triplicate within each ex-
periment, and three independent experiments
were conducted.

Statistical analysis

Statistical analyses were performed with SPSS
13.0 software. The results were evaluated by
X2 test and the other data were evaluated by
Student’s t-test and expressed as the mean *
SD from three independent experiments. A P-
value of less than 0.05 was considered statis-
tically significant.

Results
Therapeutic efficacy of EA after SCI
The hindlimb movements were abolished im-

mediately after SCI. A spontaneous functional
recovery after SCl in both groups was observed.
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Figure 1. The therapeutic efficacy of EA after SCI. A. Hind limb locomotor function as assessed from day 1 to day
28 after SCI by BBB scores. Hindlimb dysfunction was relieved with treatment of EA (n=4) when compared with SCI
group (n=4). **P<0.01 compared with the SCI group. B. Apoptosis was determined using TUNEL Staining. Cell with
the TUNEL signal (green), which colocalized with DAPI (blue), were counted as apoptotic. EA significantly reduced
the number of apoptotic cells after SCI. C. The levels of apoptosis-relative proteins including cleaved caspases 3,
cleaved 9, cleaved PARP and Bcl-2 are assessed by Western Blot after treatment with EA. D. Immuohistochemistry
of cleaved-caspase-3. EA inhibits activation of caspase-3 after SCI. Data are presented as mean + SD from three

independent experiments.

As shown in Figure 1A, the rats in the SCI group
gradually improved from Day 3, and rats in the
SCI-EA group improved more rapidly. The statis-
tical analysis showed a significantly greater in-
crease in the BBB score from Day 7 to Day 28
in the SCI-EA group than in the SCI group, indi-
cating that EA treatment could improve the
movement of rats with SCI.

In recent years, apoptosis plays an important
role of cell death in many neurological disor-
ders including SCI. To determine whether EA
could affect SCl-induced apoptosis, we per-
formed TUNEL staining on spinal cord sections.
The results showed that EA resulted in a mark-
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ed reduction in the number of these cells com-
pared with the SCI group (Figure 1B). Further-
more, we measured four apoptosis-related fac-
tors including cleaved caspase 3, cleaved cas-
pase 9, cleaved PARP and Bcl-2. As shown in
Figure 1C, the activated caspase-3, 9 and PARP
were markedly decreased in the segment of
spinal cord after EA treatment, which was along
with upregulation of Bcl-2 protein. In the immu-
nohistochemistry staining results, cleaved-cas-
pase-3 positive cells in EA treated rats were
dramatically decreased as compared with the
SCI group, 7 days after injury, which was consis-
tent with the results of Western Blot (Figure
1D). Our data suggested that EA treatment sig-
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Figure 2. EA inhibits p38 MAPK/iNOS activation after SCI. Spinal cord tissue extracts were prepared as described in
Materials and Methods (n=3). The gels presented are representative of results from three separate experiments. A.
Western blotanalysis of p-ERK. Quantitative analysis of Western blotting shows that EA treatment did not change the
level of p-ERK compared with SCI group. B, C. Western blot detects the expression of p-p38 MAPK and p-MAPKAPK.
Quantitative analysis of Western blotting shows that EA treatment significantly decreased the level of p-p38 MAPK
and p-MAPKAPK compared with SCI group. D. Western blot analysis of iNOS. Quantitative analysis of Western blot-
ting shows that EA treatment significantly decreased the level of INOS compared with SCI group. Data are presented
as mean + SD from three independent experiments. **P<0.01.

nificantly improves the SCI rat recovery in part
through attenuating cell apoptosis.

EA inhibits the activation of p38 MAPK path-
way after SCI

As the members of MAPK family, ERK and p38
MAPK pathway play key roles in apoptosis-relat-
ed injury, we hypothesized that the protective

7810

effect of EA in SCI recovery was partially th-
rough the activation of MAPKs pathway. There
was a baseline phosphorylation of both ERK
and p38 MAPK in the sham-operated group.
After SCI, the levels of p-ERK and p-p38 MAPK
were increased and peaked at 3 d, but the lev-
els of them returned to baseline at 28 d follow-
ing SCI because of the spontaneous functional
recovery in SCI model rat (Figure 2A, 2B). How-
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ever, after EA treatment, the level of p-ERK sh-
owed no significant difference among differ-
ent time points between SCI group and EA-SCI
group, but the level of p-p38 MAPK was signi-
ficantly decreased (Figure 2A and 2B). The ac-
tivation of MAPKAPK-2, a downstream mole-
cule of p38 MAPK, was also decreased after EA
treatment (Figure 2C). These results suggest
that EA attenuates the apoptosis after SCI th-
rough inhibiting p38 MAPK pathway, but not
p-ERK pathway.

A recent study clearly demonstrates that acti-
vation of p38 MAPK can set in motion a cas-
cade of iINOS expression followed by cell death
programs that may participate in the injury
process and exacerbate the initial injury [12].
Therefore, we examine whether EA attenuates
the levels of iINOS. The results of Western blot
analysis showed clearly that iINOS expression
was significantly increased and peaked at 3 d
in SCI group, compared with sham group. After
EA treatment, the expression of iINOS was sig-
nificantly decreased, compare with SCI group
(Figure 2D). Collectively, these data showed
that EA could attenuate the activation of p38
MAPK/iNOS pathway in SCI rats.

Aberrant expression of miRNAs after EA treat-
ment in SCI

Increasing evidences support that microRNAs
play indispensable roles in the pathophysiology
of SCI [13]. To reveal miRNAs profiling response
to EA therapy in rats, microarray analysis was
performed to compare the miRNA expression
profiles of medulla in rats treated with or with-
out EA. According to the heatmap (Figure 3A), it
was found that the expression levels of 43
miRs were dysregulated in the SCI-EA and SCI
groups at 7 day, 14 day and 28 days after EA
treatment, including 22 down-regulated miR-
NAs and 21 up-regulated miRNAs. To validate
the microarray profiling data, qRT-PCR was
used to confirm the expression of a subset of
MiRNAs including three down-regulated (miR-
511, miR-181a, and miR-572) and three up-re-
gulated miRNA species (miR-378, miR-279, and
miR-494). The data showed that the express-
ion of these miRNAs showed similar patterns
as in the microarray analysis (Figure 3B-G).
Among them, miR-181a was significantly down-
regulated. In addition, because of its importan-
ce in the apoptosis, we concentrated our fur-
ther experiments on miR-181a.
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MKP-5 was the target gene of miR-181a

To explore the molecular mechanism of miR-
181a, we performed a bioinformatics analysis
using TargetScan and PicTar to predict poten-
tial target genes of miR-181a. The predicted
binding sites for miR-181a in the mitogen-acti-
vated protein kinase phosphatase 5 (MKP-5)
sequences are illustrated in Figure 4A. To vali-
date whether MKP-5 is the direct target ofmiR-
1814, a luciferase assay was performed with
BV-2 cells as it is reported to share many char-
acteristics with primary microglia [14, 15]. We
generated luciferase reporter constructs by
cloning either the wildtype or a mutated por-
tion of the 3'UTR of MKP-5 into the 3'UTR of
a pGL-3-Luc vector. We transfected these vec-
tors with miR-181 mimic and miR-181a inhibi-
tor into BV-2 cells and analyzed the lysates
48 h later. Transfection with miR-181a mimic
markedly inhibited the luciferase activity for the
wild-type 3'UTR of MKP-5 and transfection with
miR-181a inhibitor promoted the luciferase
activity, but both of them showed no repression
effect for the mutated 3'UTR of MKP-5 when
compared with that for the mimic or inhibitor
control (Figure 4B), suggesting that miR-181a
may repress MKP-5 expression by binding to
the 3'UTR of MKP-5 in a direct and sequence-
specific manner. In addition, western blot analy-
sis showed that miR-181a overexpression de-
creased the levels of MKP-5 protein expression
in BV-2 cells, whereas inhibition of miR-181a
increased the expression of MKP-5 (Figure 4C).
MiR-181a negatively regulates the expression
of MKP-5 that deactivates MAPKs, suggesting
that protective role of EA against SCI may be
mediated in part via downregulating miR-181a
expression by targeting MKP-5, inhibiting the
activation of p38 MAPK.

Discussion

In the present study, we demonstrated that
EA treatment improved functional recovery th-
rough inhibiting cell apoptosis after SCI in
rats. Our results also showed that EA inhibi-
ted SCl-induced the activation of p38 MAPK/
iNOS pathway via miR-181a. Taken together,
our results indicate that microRNAs play an
important role in EA treatment of SCI. More
importantly, understanding the novel mecha-
nism of action of EA will assist in the develop-
ment of more potent and effective analogs for
treatment of human SCI.

Int J Clin Exp Med 2017;10(5):7806-7815
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Figure 3. Hierarchical cluster analyses of altered microRNAs (miRNAs) after EA treatment. Differentially expressed
miRNAs in the SCI and SCI-EA group, 7, 14 and 28 days day post-injury (n=3/group). A. Differentially expressed
miRNAs in sham and SCI group 7, 14 and 28 days post-injury (n=3/group). Expression values are represented in
shades of red and green indicating expression above and below the median expression value across all samples.
B-G. gRT-PCR analysis confirmed the microarray analyses of six miRNAs (miR-378, miR-219 and miR-494, miR-
181a, miR-511 and miR-572) at 7, 14 and 28 days after EA treatment. Data are presented as mean + SD from three

independent experiments. *P<0.05, **P<0.01 vs. SCI group.

Apoptosis of neurons and oligodendrocytes
after injury is a prominent feature of the sec-
ondary degenerative response, causing progre-
ssive degeneration of the spinal cord [16, 17].
Recent reports show that acupuncture is an
effective therapeutic tool for recovery by inhib-
iting apoptosis after SCI [18]. More evidences
have found that EA, an effective method of acu-
puncture, has been showed to attenuate isch-
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emia-induced cerebral infarction and apoptosis
[19-22]. And a study from Jiang H et al. showed
that EA could inhibit neuronal apoptosis in
MPTP-induced Parkinson’s disease (PD) animal
model, which indicate the potential neuropro-
tective effect of EA [23]. Our data reinforce this
neuroprotective effects of EA by showing that
the ability of EA to alleviate apoptotic cell death
following SCI by inhibiting caspase-3 activation,

Int J Clin Exp Med 2017;10(5):7806-7815
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Figure 4. MKP-5 is a target of miR-181a. A. Schema of the firefly luciferase reporter constructs for the MKP-5,
indicating the interaction sites between miR-181a and the 3’-UTRs of the MKP-5. B. Luciferase activities. Murine
BV-2 cells were co-transfected with firefly luciferase constructs containing the MKP-5 wild-type or mutated 3’-UTRs
and miR-181a mimic, mimic NC, miR-181a inhibitor or inhibitor NC, as indicated (n=3). C. The protein expression of
MKP-5 after treatment with miR-181a mimic or miR-181a inhibitor (n=3). Data are presented as mean + SD from
three independent experiments. **P<0.01 vs. inhibitor NC group or mimic NC group.

suggesting that EA could improve functional
recovery through inhibiting cell apoptosis after
SCI.

Increasing evidences show that SCI induces a
marked activation of MAPKs including p38 MA-
PK, extracellular signal-regulated kinase [24]
and c-Jun N-terminal kinase (JNK) in glial cells
[25-27]. Because the p38 MAPK and ERK path-
way are known to be associated with cell death
or survival after SCI [9, 28] and we demonstrat-
ed that EA treatment after SCI inhibited apop-
totic cell death of neurons and oligodendro-
cytes. Thus, we investigated whether EA treat-
ment also modulate p38 MAPK and ERK path-
way as well. Western blot analysis revealed
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that the level of p-p38 MAPK was significantly
decreased at 3 d to 28 d after EA treatment,
but the level of p-ERK was not changed up to
28 d post-injury as previously reported else-
where [29]. In addition, previous study showed
that NO produced by iNOS was involved in
induction of neuronal apoptosis following SCI.
Our results also showed that iNOS expression
was downregulated after EA treatment. Our re-
sults reveal that the EA-mediated cell apopto-
sis is in a p38 MAPK-independent manner.

The molecular mechanisms associated with
SCl are very complicated. A variety of regulatory
factors are involved in the pathogenesis of
SClI including several miRNAs [30, 31]. MiRNAs

Int J Clin Exp Med 2017;10(5):7806-7815
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are endogenous, non-coding ~22 nt RNA mole-
cules that negatively regulate gene express-
ion at posttranscriptional level [32, 33]. Incre-
asing evidence demonstrates that miRNAs
are present in all systems, including the CNS,
where they are involved in several neurologi-
cal disorders such as Alzheimer’s, Parkinson’s,
and Huntington’s diseases, Tourette’s syndro-
me and schizophrenia [34]. Preliminary studies
have reported a variety of miRNAs abnormally
expressed in SCI patients and animal models
using microarray analysis [35, 36]. In this study,
we performed a detailed analysis combining
the use of microarrays and gqPCR to character-
ize the microRNA expression changes in SCI-EA
group in comparison with the SCI group at 3 dif-
ferent time points after EA treatment, and miR-
181a was found significantly down-regulated
in SCI-EA group. As the role of various miRNAs
are being identified in the pathogenesis of SCI
and p38 MAPK signaling pathways is known to
play a crucial role in the development of SCI, we
then investigated if p38 MAPK activity is asso-
ciated with miR-181a regulation. In the present
study, we found that miR-181a negatively regu-
lates the expression of MKP-5 by directly bind-
ing to the 3’'UTR, which is a critical negative
regulator of MAPKs. EA treatment suppressed
the induction of miR-181a by SCI, leading to
the enhanced production of MKP-5 and subse-
quent inhibition of p38 MAPK. These prelimi-
nary results indicate that miR-181a is involved
in the antiapoptotic effect of EA treatment in
SCI model by inhibiting the activation of p38
MAPK pathway.

In summary, our findings demonstrated that
EA provide effective therapeutic interventions
for preventing the apoptotic death of oligoden-
drocytes and for improving functional reco-
very after SCI. Furthermore, our results reveal
the mechanism of miR-181a/MKP-5/p38MA-
PK/iNOS axies involved in EA treatment of SCI
and propose a potential pharmacological tar-
get for selective therapeutic intervention fol-
lowing SCI.
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