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Purpose: To observe the changes of Nogo/NgR and Rho/ROCK signaling pathway-related
gene and protein expression in rats with spinal cord injury (SCI) treated with electroacu-
puncture (EA) and to further investigate the possible mechanism of EA for treating SCI.
Methods: Allen’s method was used to create the SCI rat model. Sixty-four model rats were
further subdivided into four subgroups, namely, the SCI model group (SCI), EA treatment
group (EA), blocking agent Y27632 treatment group (Y27632) and EA+blocking agent
Y27632 treatment group (EA+Y), according to the treatment received. The rats were sub-
jected to EA and/or blocking agent Y27632 treatment. After 14 days, injured spinal cord
tissue was extracted for analysis. The mRNA and protein expression levels were determined
by real-time fluorescence quantitative PCR and Western blotting, respectively. Cell apoptosis
changes in the spinal cord were evaluated by in situ hybridization. Hindlimb motor function
in the rats was evaluated by Basso-Beattie-Bresnahan assessment methods.

Results: Except for RhoA protein expression, compared with the SCI model group, EA,
blocking agent Y27632 and EA+blocking agent Y27632 treatment groups had significantly
reduced mRNA and protein expression of Nogo-A, NgR, LINGO-1, RhoA and ROCK II in
spinal cord tissues, increased mRNA and protein expression of MLCP, decreased p-MYPT1
protein expression and p-MYPT1/MYPTI ratio, and caspase3 expression, and improved
lower limb movement function after treatment for 14 days (P<0.01 or <0.05). The combina-
tion of EA and the blocking agent Y27632 was superior to EA or blocking agent Y27632
treatment alone (P < 0.01 or <0.05).

Conclusion: EA may have an obvious inhibitory effect on the Nogo/NgR and Rho/ROCK
signaling pathway after SCI, thereby reducing the inhibition of axonal growth, which may be
a key mechanism of EA treatment for SCI.

Keywords: Nogo/NgR, Rho/ROCK, MLCP, MYPTI, spinal cord injury, Y27632,
electroacupuncture

Introduction

Traumatic paraplegia caused by spinal cord injury (SCI) is a severe neurological
injury that often leads to profound disability,' > and SCI results in high mortality
and mutilation.* With the recent, rapid development of traffic, architecture and
mining, the number of patients suffering from SCI, most of whom are middle-aged
or young men, has increased yearly, and SCI imposes a heavy burden on people’s
productiveness and livelihood as well as on a country’s economy.>> According to
statistics from the USA, the average expenditure for therapeutic rehabilitation of
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each SCI patient exceeds 750 thousand dollars in his/her
lifetime, and the total expenditures for SCI patients exceed
6 billion dollars in the United States every year.” To date,
there is no effective pharmacological or methodological
treatment for SCI in modern medicine.®

Recently, clinical reports have indicated that electroacu-
puncture (EA) is widely used to treat SCI and has been
shown to be beneficial for recovery from SClIs, especially
incomplete paraplegia.”'> Moreover, EA has a better cura-
tive effect with respect to improving bladder and bowel
function, ameliorating limb spasm and relieving neurological
pain, which are caused by SCL>'%!? However, the exact
mechanisms remain to be fully elucidated.

Several lines of evidence suggest that the signaling path-
way of the Nogo protein/Nogo protein receptor (NgR) and
the ras homolog gene/Rho-associated coiled coil-forming
protein kinase may play a key role in mediating the regen-
eration of neurons and axons in the adult central nervous
system (CNS) after SCI.'>'* Extracellular inhibitory signal-
ing factors, such as myelin-associated glycoprotein (MAG),
Nogo protein, and oligodendrocyte myelin glycoprotein
(OMgp), further initiate intracellular signal transduction by
the transmembrane protein NgR."> NgR and the cooperative
receptor p75SNTR (p75 neurotrophin receptor) compose the
NgR/p75NTR coordinative body. This body and LINGO-1
(leucine-rich repeat Ig domain-containing Nogo-interacting
protein 1) together constitute a receptor complex via a ternary
complex of NgR/LINGO-1/p75NTR, which activates the
intracytoplasmic signal.'®"'® After the combination of Rho-
GPI (glycosyl phosphatidyl inositol, GPI) and p75NTR,
RhoA, which is released from the inhibition of Rho-GPI,
following activated Rho factor, causes inactive Rho-GDP to
change into Rho-GTP. Rho-GTP further activates ROCK
which influences its substrate myosin light chain (MLC) by
causing MLC phosphorylation. Meanwhile, activated ROCK
can also promote the phosphorylation of myosin phosphatase
target subunit 1 (MYPT1), a subunit of MLC phosphatase
(MLCP), and then promote the autochthonous activity of
MLCP, which inhibits the dephosphorylation of MLC and
indirectly increases the phosphorylation level of MLC.'**
Phosphorylated MLC can stimulate the combination of myo-
sin and actin, trigger contraction of myosin, and then influ-
ence the structure of the cytoskeleton, causing neuronal
apoptosis, which results in limited regeneration of neural
axons.”'** Micromolecule Y27632, a specific inhibitor of
ROCK II, not only can inhibit the activities of ROCK but can

also block the role of chondroitic acid proteoglycan and then

promote neural axon growth, injured CNS axon growth and
functional recovery.?**>

Previous studies indicate that acupuncture could treat
SCI by regulating the gene and protein expression of
Nogo-A, NgR and/or RhoA, ROCK I1.%¢?® Does EA
influence the Nogo/NgR and Rho/ROCK signal pathway
after SCI? How does EA treat SCI by affecting the Nogo/

NgR and Rho/ROCK signaling pathway?

Materials and Methods

Experimental Animals

Eighty healthy, clean, female, Sprague Dawley (SD) rats
aged 8 weeks (weighing 200 + 20 g) were purchased from
the Slack-Jingda Laboratory Animals Co., Ltd., of Hunan
Province, China (certificate no. SCXK (Xiang) 2011-0003).
The rats were fed with standard fodder and with food and
water freely available in a controlled environment with a
constant temperature of 20~25°C and a 12/12-hr light/dark
cycle.”® Following a 3-day adaptation, all rats were begun
to experiment.”® All procedures were conducted in accor-
dance with guidelines reviewed and approved by the
Institutional Animal Care and Use Committee of Jiangxi
University of Traditional Chinese Medicine, China®®.
Female animals are routinely used in SCI studies because
female animals allow for easier manual expression of blad-
ders after SCI, less urinary tract infection, and less
mortality.”® In addition, there are reports showing that no
significant differences were detected in histological and
behavioral outcomes between male and female animals
after SCL.>

Modeling

Eighty rats were randomly divided into two groups: sham
operation (sham, n=16) and model establishment (model, n
= 64). Models of SCI were established in accordance with
published methods.*® All rats were anesthetized with 3%
pentobarbital sodium (1.5 mL/kg, Sigma, USA) intraperi-
toneally and an incision made.*' The T, vertebral body of
each rat was located by counting the ribs. The T, verteb-
ral lamina was removed by rongeur forceps to expose the
spinal cord completely. Sixty-four rats were induced by
striking the spinal cord with an electric cortical contusion
impactor. Strike parameters consisted of a strike tip with a
diameter of 3 mm, velocity of 5 m/s, retention time of 0.5
s and compression of 1.5 mm.*! The criterion for success-
ful model creation was one of three conditions below:
rapid accumulation of edema and stagnant blood at the
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trauma site in the dura mater of the spinal cord, accom-
panied by rat tail spastic swinging, contractive vibration of
the hind limb, or convulsive tics of the rat body.

The spinal process at the Ls-S; joints was removed using
the same method mentioned above, and the spinal cord was
exposed. A small hole was made on the surface of the dura
mater of the spinal cord with microscissors, avoiding the
median vessel. A PE 10 hose was clamped and pressed
under the dura mater and inserted into the arachnoid cavity
slowly if clear cerebrospinal fluid was seen to overflow from
the outside of the catheter, indicating that catheterization was
successful. The hose was fixed onto the fascia by a surgical
suture, with the reveal port approximately 1 cm away from
the skin; the reveal port was closed with a guide wire to
prevent the overflow of cerebrospinal fluid.>' The wound
was washed with saline and penicillin, and the injured rats
were raised in separate cages.

Sham operation control animals received laminectomy
only. All model rats received an intra-muscular penicillin
injection twice a day, followed by suturing of the incision.
Manual bladder expression was carried out at least 3 times
daily until reflex bladder emptying was established.

Grouping and Treatment

After being evaluated for hindlimb motor function by the
Basso-Beattie-Bresnahan (BBB) method, sixty-four model
rats were randomly subdivided into an SCI model group
(SCI, n=16), EA treatment group (EA, n = 16), blocking
agent Y27632 subdural injection treatment group (Y27632,
n = 16), and EA plus blocking agent Y27632 subdural
injection treatment group (EA+Y, n = 16). All rats were
restrained with the same method and all treatments were
started at 7 days following SCI.>'

In the EA treatment group, the rats were restrained on a
board. Stainless steel 0.18-mm-diameter needles (Hwato
Disposable Acupuncture Needle; Jiangsu Medical Supplies
Factory, Jiangsu Province, China) were inserted to a depth of
approximately 5 mm at the following acupoints: Yaoyangguan
(GV3, posterior midline and in the depression below the
spinous process of the fourth lumbar vertebra), Dazhui
(GV14, posterior midline and in the depression below the
spinous process of the seventh cervical vertebra) and Zusanli
(ST36, bilaterally on hindlimbs below the fibular head 5 mm),
Ciliao (BL32, corresponding to the second sacral posterior) on
both sides.** Then, the needles were connected to an Hwato
SDZ-1I EA apparatus (Suzhou, Jiangsu Province, China).
Alternating strings of dense-sparse frequencies (100 Hz for
1.5 ms and 2 Hz for 1.5 ms alternately) were selected. The

intensity was adjusted to induce a slight twitch of the hindlimb
(the electric current wave width was 4 ms, and the output
voltage was 2 V). EA treatment was performed for 20 mins
once per day, lasting for 14 days. After EA treatment, the rats
were given normal saline by subdural injection via a micro-
injector from a homemade PE10 tube, each rat received
0.54 mL/kg, once per day, lasting for 14 days.”'

Rats in the Y27632 treatment group received the blocking
agent Y27632 (Qilu Pharmaceutical Co., Ltd., Jinan,
Shandong Province, China) by subdural injection via a
microinjector from a homemade PE10 tube (18 pg Y27632
lyophilized powder was dissolved in 30 pL phosphate buf-
fered saline solution; each rat received 0.54 mL/kg), once per
day, lasting for 14 days.>'

Rats in the EA+Y treatment group received both EA
and Y27632 subdural injection treatment.

Rats in the sham operation group and the SCI model
group were received normal saline by subdural injection
according to the methods mentioned above.

Behavioral Assessments

The BBB scores were on a scale of 0 to 21 (21 normal
locomotion, 0 complete hind limb paralysis), which is
based on hind limb movements made in an open field.
The BBB Scale locomotor tests of all rats were blindly
performed before treatment and on the 7th and 14th day
when treatment began by 2 trained observers lacking
knowledge of the experimental groups, according to a
method published previously.”® Before assessment, the
bladder of each rat was emptied to avoid abnormal beha-
vior caused by a full bladder. Briefly, rats were placed in
an open field and observed for 3 mins. Each rat was
evaluated 3 times, and the average integer value was
recorded.®'

Sampling
Eight rats in each group were randomly sacrificed at 14 days
after treatment; four rats from each group were used for real-
time quantitative polymerase chain reaction (RT-qPCR) and
the remaining four rats were used for a Western blot assay.
After the treatment, 8 rats in each group were randomly
selected to be anesthetized with 3% pentobarbital sodium
(1.5 mL/kg) intraperitoneally. After the rats were deeply
anesthetized, the thoracic cavity was exposed and the
heart was fully exposed. The blunt tip of the gavage needle
was inserted into the aorta from the left ventricle, and the
right heart ear was cut open. Approximately 150 mL of
0.9% normal saline was infused when the liver color was
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grayish white and the fluid from the heart changed from red
to transparent and clear. The perfusion was stopped until the
rats’ limbs twitched or the whole body was stiff and the
liver became hard. The perfusion of a 4% paraformaldehyde
solution was approximately 350 mL in volume and lasted
for approximately 2 hrs. A 10-mm spinal cord segment
containing the injury epicenter was isolated from each
animal and soaked in the 4% paraformaldehyde solution
for storage.®' In addition, the remaining rats in each group
were sacrificed with decapitation, and on an ice tray, a 10-
mm spinal cord segment containing the injury epicenter was
isolated from each animal. Then, the tissues were placed in
liquid nitrogen for freezing and finally transferred into a
—80°C refrigerator for preservation.

Reverse Transcription Real-Time
Quantitative Polymerase Chain Reaction
(RT-qPCR)

RT-qPCR was performed using the SYBR Green system.
Total RNA was isolated from the spinal cords of rats in each
group using Trizol solution (Invitrogen, Carlsbad, CA,
USA). The mRNA expression levels of Nogo-A, NgR,
LINGO-1, RhoA, ROCK II and MLCP were measured
using an RT-qPCR system with SYBR Green (Thermo
Fisher Scientific, Waltham, MA, USA). cDNA was ampli-
fied by PCR using primers for each target gene. RT-qPCR
conditions were as follows: 94°C for 5 mins, followed by
40 cycles of 95°C for 15 seconds, 60°C for 45 seconds and

72°C for 30 seconds. The fluorescence signal was detected
at 60°C, and the samples were finally extended at 72°C for
7 mins. The amplification efficiency was compared between
the target and reference control glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) using the delta-delta Ct (AACt)

method.>® The primers employed are listed in Table 1.

Western Blot Assay

Western blot analysis was performed as described pre-
viously with minor modifications.”® All spinal cord tis-
sues obtained in each group were homogenized in lysis
buffer (JRDUN Biotechnology, Shanghai, China). Equal
amounts of proteins were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
and then the resolved proteins were transferred to
polyvinylidene fluoride (PVDF) membranes (Millipore,
Bedford, MA, USA). The membranes were incubated
with primary antibodies overnight at 4°C. Monoclonal
antibodies used for Western blotting included a rat mono-
clonal anti-Nogo-A antibody (1:1000; Santa Cruz
Biotechnology, Santa Cruz, CA, USA). The antibodies
used in this study were rat monoclonal antibodies, 1:1000
and were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA), except for those specifically
indicated. The other antibodies included anti-NgR, anti-
LINGO-1, anti-RhoA, anti-ROCK II, anti-MLCP, anti-
MLC, anti-p-MLC and anti-GAPDH. The membranes
were washed 5 mins with Tris-buffered saline Tween 3

Table | Primer Sequences for Real-Time Quantitative Polymerase Chain Reaction

Gene Full Name Sequences (5-3') Product Size (bp)
Nogo-A Nogo A Sense primer: GGT GCC TTG TTC AAT GGT C 183
antisense primer: AAT CTG CTT TGC GCT TCA
NgR Nogo protein receptor Sense primer: AGA AAG AAC CGC ACC CGT AG 155
antisense primer: GGC CCA AGC ACT GTC CAA
LINGO-1 Leucine rich repeat and Ig domain containing | Sense primer: GCT GAC GCT GGA GAA ATG 109
antisense primer: GAA GGA GTA GTC CCG TAT GG
RhoA Ras homolog family member A Sense primer: GAT GGA GCT TGT GGT AAG 150
antisense primer: ATC AGT GTC TGG GTA GGA G
ROCK I Rho-associated kinase || Sense primer: ATC TCATTT GTG CCT TCC 143
antisense primer: CTG GTG CTA CAG TGT CTC G
MLCP Myosin light chain phosphatase Sense primer: GCT CCC ACC TTC TGT TTG 234
antisense primer: CGA CGG CTT TCA TACTCC
GAPDH Glyceraldehyde 3-phosphate dehydrogenase Sense primer: GCA AGT TCA ACG GCA CAG 146
antisense primer: GCC AGT AGA CTC CAC GAC AT
3432 submit your manuscript Neuropsychiatric Disease and Treatment 2019:15
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times and incubated with goat anti-rabbit IgG-HRP
(1:1000; Beyotime Biotechnology, Shanghai, China) and
goat anti-mouse IgG-HRP PS1 (C-20) (1:1000; Beyotime
Biotechnology, Shanghai, China) antibodies at 37°C for
1 hr. The immunoreactive bands were visualized using
an enhanced chemiluminescence reagent (Beyotime
Biotechnology, Shanghai, China). The grayscale values
of bands were quantified using ImagelJ software (Fujifilm,
Tokyo, Japan). The relative expression of protein was
calculated based on the ratio of target grayscale values
to loading control grayscale values.

In situ Hybridization

Spinal cord segments containing the epicenter were iso-
lated from each animal and embedded with paraffin. Four
paraffin blocks were selected randomly and placed into a
refrigerator at —20°C for at least 30 mins. Then, the blocks
were cut into 4—7-um-thick serial sections.

The sections were deparaffinized with xylene 3 times
for 5 mins per time. The xylene was removed in a gradient
of 100%, 96% and 70% alcohol. The sections were air
dried, washed for 2—5 mins with PBS, and subjected to
removal of proteases and dehydration in gradient alcohol.
Each section was incubated in 50 pL hybridization buffer
containing 10 pM oligonucleotide probe at 95°C for
5 mins and 37-40°C for 12 hrs, washed three times with
5%, 1x and 0.2x saline sodium citrate, and treated with
blocking buffer at 37°C for 15 mins. Then, the blocking
buffer was blotted with paper. Each section was then
incubated in 30 pL biotinylated anti-digoxin antibody
(1:50) at 37°C for 1 hr, washed four times with 0.5 M
PBS, incubated in streptavidin-biotin-peroxidase complex
at 37°C for 30 mins, and rinsed four times in 0.5 M PBS.
Subsequently, the sections were developed in 3, 3, diami-
nobenzidine, counterstained with hematoxylin, dehydrated
in alcohol, permeabilized in xylene, mounted with proof
quench mounting agent, and photographed with a fluores-
cence microscope.>* The morphology of nerve cells in the
spinal cord was observed under a microscope. The upper,
middle, lower, left and right visual fields were randomly
selected for each section, and the positive cells were

Table 2 Primer Sequences for Hybridization in situ

counted. Image-Pro Plus 6.0 software was used to count
the positive cells, and the mean value was finally taken for
statistical analysis. Negative controls were incubated in
0.01 M PBS without primary antibody. The primers
employed are shown in Table 2.

Statistical Analyses

All data are presented as the mean+SD. Data were ana-
lyzed by one-way analysis of variance followed by a post
hoc Student-Newman-Keuls (SNK) test using SPSS 17.0
software (SPSS, Chicago, IL, USA). A value of P<0.05
was considered statistically significant.

Results
BBB Scores

The BBB score of each group at 2 time points postinjury was
0 before treatment, and no hind limb movement was
observed in each group of rats, indicating that the model for
SCI was successful. After 14 days of treatment, compared
with the SCI model group, the BBB score in each treatment
group was significantly increased (P<0.01), and there was no
significant difference between the EA treatment group and
the Y27632 treatment group (P > 0.05). However, the BBB
score in the EA+Y27632 treatment group was higher than
those in the EA treatment group and the Y27632 treatment
group (P<0.01), as shown in Figure 1.

The Protein Expression of Nogo-A, NgR
and LINGO-I by Western Blotting

The relative protein expression levels of Nogo-A, NgR and
LINGO-1 in the SCI model group were significantly higher
than those in the sham operation group (P<0.01 or < 0.05).
After EA treatment, the Nogo-A, NgR and LINGO-1 relative
protein expression levels were significantly decreased com-
pared with those in the SCI model group (P <0.01 or <0.05),
as shown in Figure 2.

The mRNA Expression of Nogo-A, NgR
and LINGO-1 by qRT-PCR

The relative mRNA expression levels of Nogo-A,
NgR and LINGO-1 in the SCI model group were

Gene Sequences (5'-3')

Caspase3

CAGCGTCGGCATCGTCTACAAGCACTAGATGAGCGTCCTGCACATGGACGTCATGGCAGAGTACATGCTGAGTGTCAATT
CCACGGGGCACATGGAGAACATATTTGACTTCCGCCTCGCAAGTAGGTAT
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Figure 2 Nogo-A, NgR and LINGO-1 activation following SCI. (A) Western blotting bands for Nogo-A, NgR and LINGO-1. Compiled results in a bar graph for the relative
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tstandard error of the mean (I-way analysis of variance and Student-Newman-Keuls post hoc test, n=4 rats/group).

Abbreviations: sham, sham operation; SCI, spinal cord injury; EA, electroacupuncture.

significantly higher than those in the sham protein levels were significantly decreased compared with
group (P < 0.01 or < 0.05). After EA treatment, the those in the SCI model group (P < 0.01 or < 0.05),
Nogo-A, NgR and LINGO-1 relative mRNA expression as shown in Figure 3.
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The Protein Expression of RhoA, ROCK

Il and MLCP by Western Blotting

The expression of MLCP in the SCI model group was
noticeably lower than that in the sham operation group
(P<0.01); in contrast, the expression levels of ROCK II
and RhoA in the SCI model group were significantly
higher than those in the sham operation group (P<0.01).
After EA treatment, the expression of MLCP was signifi-
cantly increased compared with that in the SCI model
group (P<0.05), and the ROCK 1I protein expression was
significantly decreased (P<0.05). In contrast, the RhoA
protein expression was not significantly decreased
(P>0.05). After treatment with the blocking agent
Y27632, compared with the SCI model group, the treat-
ment group showed the same change tendency in MLCP,
ROCK II and RhoA protein expression with EA treatment
(P<0.05; P<0.01; P>0.05). After treatment with EA plus
the blocking agent Y27632, the MLCP protein expression
was significantly higher than that in the SCI model group
(P<0.05), while the ROCK II and RhoA protein expression
levels were significantly lower than those in the SCI model
group (P<0.01 or <0.05). Comparison between EA and
Y27632 treatment revealed that the protein expression
levels of MLCP, ROCK II and RhoA were not significantly
different (P>0.05). After treatment with EA plus the block-
ing agent Y27632, compared with the corresponding

expression levels after EA treatment, the MLCP protein
expression was significantly increased (P<0.05), the
ROCK 1I protein expression was significantly decreased
(P<0.05), and the RhoA protein expression was not mark-
edly decreased (P>0.05). Compared with the correspond-
ing expression levels after Y27632 treatment, the protein
expression levels of MLCP increased significantly
(P<0.05); by contrast, the ROCK II and RhoA protein
expression levels were not markedly decreased (P>0.05),
as shown in Figure 4.

The mRNA Expression of RhoA, ROCK I

and MLCP by qRT-PCR

The mRNA expression of MLCP in the SCI model group
was significantly lower than that in the sham operation
group (P<0.01); in contrast, the mRNA expression levels
of ROCK II and RhoA in the SCI model group were
markedly higher than those in the sham operation group
(P<0.01). After treatment with EA or with the blocking
agent Y27632, the mRNA expression levels of MLCP
were not significantly higher than those in the SCI model
group (P>0.05), and after treatment with EA plus the
blocking agent Y27632, the MLCP mRNA expression
level was significantly higher than that in the SCI model
group (P<0.01). In contrast, the mRNA expression levels
of RhoA and ROCK 1II were all significantly lower than
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Figure 4 MLCP, ROCK Il and RhoA activation following SCI. (A) Western blotting bands for MLCP, ROCK I, RhoA and GAPDH expression. Compiled results in a bar
graph for the ratio (B) of MLCP/GAPDH expression. (C) of ROCK II/GAPDH expression. (D) of RhoA/GAPDH expression. @ P<0.01, @ P<0.05 versus sham. @ P<0.01,
(@ P<0.05 versus SCI. 6 P<0.05 versus EA. ) P<0.01, ®P<0.05 versus Y27632. Data are shown as the meantstandard error of the mean (I-way analysis of variance and
Student-Newman-Keuls post hoc test, n=4 rats/group).

Abbreviations: sham, sham operation; SCI, spinal cord injury; EA, electroacupuncture; Y, blocking agent Y27632; MLCP, myosin light chain phosphatase; ROCK I, Rho-

associated kinase |l; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

those in the SCI model group (P<0.01). Compared with
EA treatment, in the blocking-agent-Y27632 treatment
group, the mRNA expression of MLCP was not signifi-
cantly increased (P>0.05); by contrast, the mRNA expres-
sion levels of RhoA and ROCK II were noticeably
decreased (P<0.05 or <0.01) in the EA+Y group, and the
mRNA expression of MLCP was significantly increased
(P<0.01). The mRNA expression levels of ROCK II and
RhoA were significantly decreased (P<0.01). Compared
with Y27632 treatment, EA+Y treatment caused the
mRNA expression of MLCP to significantly increase
(P<0.01); by contrast, the mRNA expression levels of
ROCK II and RhoA were not markedly decreased
(P>0.05). The mRNA expression level was calculated

2—AACt

using the analytical method, as shown in Figure 5.

The Protein Expression of p-MYPT| and

MYPTI| by Western Blotting

The relative protein expression of p-MYPT1 in the SCI
model group was noticeably higher than that in the sham
operation group (P<0.01), and the ratio of p-MYPT!/
MYPT1 had a similar profile to that of p-MYPTI

(P<0.01). By contrast, the expression of MYPT1 in the
SCI model group was not significantly higher than that in
the sham operation group (P>0.05). After treatment with
EA or with the blocking agent Y27632 or with EA plus
Y27632, the protein expression of p-MYPT1 and the ratio
of p-MYPT1/MYPT1 were significantly lower than those
in the SCI model group (P<0.01). The expression of
MYPT1 was not significantly lower than that in the SCI
model group (P>0.05). Except for the protein expression
of p-MYPTI in the EA +Y group, which was lower than
that in the EA group, comparisons among EA, blocking
agent Y27632 and EA plus Y27632 revealed no significant
differences in the relative protein expression of p-MYPT1
and MYPT1 or the ratio of p-MYPTI/MYPT1 (P>0.05),
as shown in Figure 6.

Caspase3 mRNA Expression by in situ
Hybridization

In situ hybridization-positive cells contained brown spots or
particles, as indicated by the arrows. In the sham operation
group, rare expression of caspase3 was observed in the
spinal cords of sham-operated rats. Injury induced increased
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Figure 5 Effect of electroacupuncture on changes in mRNA expression of MLCP, ROCK Il and RhoA in injured spinal cords. (A) Compiled results in a bar graph for MLCP expression.
Compiled results in a bar graph (B) for ROCK Il expression. (C) for RhoA expression.(D P<0.01,. @ P<0.01. ® P<0.01; (6) P<0.05 versus EA. (7)) P<0.0| versus Y27632. Data are
expressed as the mean+SD (|-way analysis of variance and Student-Newman-Keuls post hoc test, n=4 rats/group).

Abbreviations: sham, sham operation; SCI, spinal cord injury; EA, electroacupuncture; Y, blocking agent Y27632; ROCK II, Rho-associated kinase Il; MLCP, myosin light

chain phosphatase.

caspase3 mRNA expression, and the number of caspase3
mRNA-positive cells in the SCI model group was signifi-
cantly higher than that in the sham operation group
(P<0.01). Treatment with EA or blocking agent Y27632
or EA plus blocking agent Y27632 decreased the mRNA
expression of caspase3 (EA, Y27632, EA+Y), and the
number of caspase3 mRNA-positive cells was significantly
decreased compared with that in the SCI model group
(P<0.01). Compared with EA treatment, treatment with
blocking agent Y27632 or EA plus blocking agent
Y27632(EA+Y) markedly decreased the caspase3 mRNA
expression (P<0.01). The caspase3 mRNA-positive cell
number in the EA+Y treatment group was not significantly
decreased (P>0.05) compared with that in the blocking-
agent-Y27632 treatment group, and the number of caspase3
mRNA-positive cells was also not significantly decreased
(P>0.05), as shown in Figures 7 and 8.

Discussion

In this study, based on the Nogo/NgR and Rho/ROCK sig-
naling pathway, we investigated the mechanism of EA treat-
ment on SCI at the molecular level. The Rho/ROCK
signaling pathway is influenced by the upstream Nogo/NgR

signaling pathway and ultimately affects the growth of nerve
axons through regulating its downstream substrate, MLC.
Nogo-A is the most restrictive isomer in the Nogo family.*”
The signal of the extracellular myelin-related inhibitory fac-
tor is transmitted into the cell via the transmembrane protein
NgR. The putative tripartite LINGO-1-p75 NTR-Nogo-66
receptor (NgR) complex, constituted by NgR, binds the
synergistic receptor p7SNTR and the common receptor
LINGO-1 to activate the intracellular signal. LINGO-1 was
originally identified as an essential component of a cell-sur-
face receptor complex.*® LINGO-1 is specifically expressed
in oligodendroglial cells and nerve fibers in the nervous
system and has significant inhibitory effects on the prolifera-
tion, maturation and myelination of oligodendroglial cells.*®

In this study, after Western blotting and real-time fluor-
escence quantitative PCR detection, the mRNA and pro-
tein expression levels of Nogo-A, NgR and LINGO-1
were significantly increased in the SCI model group and
were significantly higher than that in the sham operation
group. After 14 days of EA treatment, the mRNA and
protein expression levels of Nogo-A, NgR and LINGO-1
were significantly decreased. The results indicated that,
after SCI, the expression of inhibitory signaling molecules
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Figure 6 Myosin phosphatase target subunit | (MYPTI) activation following SCI. (A) Western blotting bands for phosphorylated MYPTI (p-MYPTI), MYPTI, and GAPDH
expression. Compiled results in a bar graph for the ratio (B) of p-MYPT I/GAPDH expression. (C) of MYPTI/GAPDH expression. (D) of p-MYPTI/MYPTI. @ p<0.01, @ P<0.05
versus sham. @) P<0.01, ®) P<0.05 versus EA. Data are shown as the meanzstandard error of the mean (I-way analysis of variance and Student-Newman-Keuls post hoc test, n=4 rats/

group). sham: sham operation.

Abbreviations: SCI, spinal cord injury; EA, electroacupuncture; Y, blocking agent Y27632; MYPT |, myosin phosphatase target subunit |; p-MYPT, phosphorylated MYPT I;

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Figure 7 mRNA expression of caspase3 in injured spinal cords at 14 days following treatment (in situ hybridization, x400). (Bar =25 pm).

Abbreviations: sham, sham operation; SCI, spinal cord injury; EA, electroacupuncture; Y, blocking agent Y27632.
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Figure 8 Compiled results in a bar graph for the number of caspase3 mRNA-
positive cells. D P<0.01. @) P<0.0l. ® P<0.01 versus EA. Data are expressed as
the mean%SD (I-way analysis of variance and Student-Newman-Keuls post hoc test,
n=4 rats/group).

Abbreviations: sham, sham operation; SCI, spinal cord injury; EA, electroacu-
puncture; Y, blocking agent Y27632.

that affect the growth of nerve axons increased, while EA
inhibited their increase. Li et al’’ found that at 1, 7, 14 and
28 days postsurgery, the expression of Nogo-A protein in
spinal cord tissues that were located at the injury sites
showed a tendency to increase and was strongest after 14
days. After treatment with EA, the Nogo-A expression
decreased. Our previous study showed that the mRNA
and protein expression of Nogo-A and NgR gradually
increased from 1 day to 28 days postsurgery, and at the
21st day, the expression reached its peak®®. The mRNA
and protein expression of Nogo-A and NgR in the EA
group treated for 14 days was lower than that in the SCI
model group, and there was no significant difference
between postoperative treatment for 7 days and treatment
for 14 days.*® In this study, the expression of LINGO-1
showed the same tendency as Nogo-A and NgR did.*® Mi
et al'” found that 14 days after injury, LINGO-1 mRNA
expression levels increased to approximately 5-fold higher
than that of normal animals. In addition, the expression of
LINGO-1 was upregulated in the spinal cord axons of rats
after SCI and white matter lesions of multiple sclerosis
(MS). Lv et al*’ proved that the treatment of intrathecal
injection with a high-titer rabbit LINGO-1 antiserum in an
SCI animal model group could increase the survival of
neurons near the SCI area.

RhoA and its downstream effector Rho kinase (ROCK)
control and regulate cytoskeleton dynamics. The RhoA/Rho
kinase pathway regulates a wide range of fundamental cell
functions, including contraction, motility, proliferation, gene
expression, and apoptosis.*’ The key molecules in the Rho/

ROCK signaling pathway involve Rho, ROCK, MYPTI
and MLCP. RhoA is a major isomer of the Rho family,
and ROCK II is one of the most important Rho downstream
effector molecules, which are preferentially found in the
brain, spinal cord, and muscle.2%**? In this study, the
mRNA and protein expression levels of RhoA and ROCK
IT were high in the SCI model group and were significantly
higher than that in the sham operation group. Separate
treatment with EA or blocking agent Y27632 significantly
reduced the mRNA and protein expression of ROCK II and
the mRNA expression of RhoA, and the two methods of
treatment had a synergistic effect. The combination of the
two methods significantly reduced the expression of RhoA
protein. This result was similar to our previous findings
showing that EA significantly reduces the mRNA and pro-
tein expression of RhoA and ROCK II>® In addition,
Dubreuil et al** found that four to fourteen days after
contusion SCI, the signal intensity of RhoA mRNA was
significantly higher in spinal cord segments below the
injury site than in segments above the injury site.

After being activated, ROCKII can phosphorylate
Thr696 and Thr853 in MYPT-1, a target subunit of MLCP,
and then, MYPT-1 becomes modified to p-MYPT1, which
inactivates MLCP, thus resulting in an increase in the level of
MLC phosphorylation, i.e., p-MLC, thereby affecting the
actin system and causing collapse of the axon growth cone,
apoptosis, and finally inhibiting axon growth.**** Detection
by Western blotting and real-time quantitative PCR revealed
that the mRNA and protein expression of MLCP decreased
in the SCI model group and was significantly lower than that
in the sham operation group. Separate treatment with EA or
blocking agent Y27632 significantly increased the expres-
sion of MLCP protein but had little effect on the expression
of MLCP mRNA. The combination of EA and blocking
agent Y27632 significantly increased the mRNA and protein
expression of MLCP. In this study, we found that p-MYPT1
was significantly increased in the SCI model group and was
significantly higher than that in the sham operation group,
and the ratio of p-MYPT1/MYPT]1 was also markedly higher
than that in the sham operation group; by contrast, the
expression of MYPT1 showed no obvious changes between
the two groups. Separate treatment with EA or blocking
agent Y27632 or treatment with a combination of EA and
blocking agent Y27632 significantly decreased the expres-
sion of p-MYPT1 protein and the ratio of p-MYPTL/
MYPTI, but had little effect on the expression of MYPT1
protein. The above results have the same trendency with the
p-MLC and MLC in our previous study.”'
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The effect of EA on SCI was achieved by downregu-
lating the expression of related axonal growth-inhibiting
factors, such as Nogo-A, NgR, LINGO-1, ROCK II, RhoA
and MYPT1 mentioned above, reducing the inflammatory
response, such as cPLA2, PGE2, etc.? and decreasing

apoptosis,*®

ultimately promoting the recovery of lower
limb movement function. Caspase3, known as cysteine
protease 32(CPP32), is a major effector of caspase.
Caspase3, also known as death executioner protease, is a
common downstream effector of a variety of apoptotic
pathways and plays a central role in the apoptosis process.-
7 This study showed that, injury induced caspase3 mRNA
expression increased, and the number of positive cells in
the SCI model group was significantly higher than that in
the sham operation group, after treatment with EA or
blocking agent Y27632 alone or with a combination of
EA and blocking agent Y27632, the mRNA expression of
caspase3 significantly decreased. BBB scores indicated
that after 14 days of treatment, compared with the SCI
model group, the treatment groups showed significantly
increased BBB scores, and there was no significant differ-
ence between the EA treatment group and the Y27632
treatment group, but the BBB score in the combination
EA+Y27632 treatment group was higher than those in the
EA group and Y27632 group. These results showed that
both EA treatment and Y27632 treatment promoted the
regeneration of injured nerves and improved the activity of
the hind limbs of rats. Furthermore, EA +Y27632 treat-
ment was superior to the single-treatment method. This
result was consistent with our above research regarding the
effect of EA plus blocking agent Y27632 on the Rho/
ROCK signal pathway.

Studies have shown that the Rho/ROCK signaling
pathway can also regulate cytoplasmic phospholipase A2
(cPLA2) and promote the inflammatory response, which
could lead to neurocyte damage and apoptosis.*®*’
Acupuncture is used to treat diseases through multiple
targets and multiple pathways. Based on the Nogo/NgR
and Rho/ROCK signaling pathway, this study offers a
research direction for further exploration of EA. Through
the regulation of the inflammatory response and cell apop-
tosis, EA might get the beneficial effect in the treatment of
SCI. This article provides an experimental basis for the
clinical application of EA treatment for SCI.
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