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Abstract

Regeneration of injured peripheral nerves is an extremely complex process. Nogo-A (neurite outgrowth inhibitor-A) inhibits
axonal regeneration by interacting with Nogo receptor in the myelin sheath of the central nervous system (CNS). The aim of this
study was to investigate the effects of Nogo-A and its receptor on the repair of sciatic nerve injury in rats. Sprague-Dawley rats
(n=96) were randomly divided into 4 groups: control group (control), sciatic nerve transection group (model), immediate repair
group (immediate repair), and delayed repair group (delayed repair). The rats were euthanized 1 week and 6 weeks after
operation. The injured end tissues of the spinal cord and sciatic nerve were obtained. The protein expressions of Nogo-A and
Nogo-66 receptor (NgR) were detected by immunohistochemistry. The protein expressions of Nogo-A, NgR, and Ras homolog
family member A (RhoA) were detected by western blot. At 1 week after operation, the pathological changes in the immediate
repaired group were less, and the protein expressions of Nogo-A, NgR, and RhoA in the spinal cord and sciatic nerve tissues
were decreased (P <0.05) compared with the model group. After 6 weeks, the pathological changes in the immediate repair
group and the delayed repair group were alleviated and the protein expressions decreased (P <0.05). The situation of the
immediate repair group was better than that of the delayed repair group. Our data suggest that the expression of Nogo-A and its
receptor increased after sciatic nerve injury, indicating that Nogo-A and its receptor play an inhibitory role in the repair process of

sciatic nerve injury in rats.
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Introduction

In recent years, although central sensitization has
been reported under recognized neuropathic conditions,
there is a lack of information on the acute brain activation
pattern of peripheral nerve injury (1). Neuropathic pain is
still a major global health problem. Peripheral nerve injury
is a common clinical disease that causes the partial loss
of segmental movement and sensory and autonomic
nervous function, placing a heavy burden on patients and
their families (2). Therefore, increased attention has been
paid to the treatment of sciatic nerve injury. The injury of
sciatic nerve is related to the change of gene expression
level (3). However, the role of these up-regulated or down-
regulated genes remains unclear. Understanding the
molecular mechanism of the occurrence and development
of sciatic nerve injury is a prerequisite for the development
of effective treatment for this highly prevalent disease.

Currently, the repair and regeneration technology of
injured peripheral nerve has been significantly improved
(4,5). Nogo-A (neurite outgrowth inhibitor-A) is a member
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of the reticulin protein family and exists in neurons and
oligodendrocytes (6). Nogo-A inhibits axonal regeneration
by interacting with Nogo receptor (NgR) in the myelin
sheath of the central nervous system (CNS) (7,8).
However, the function of Nogo-A in neurons remains
unclear. As the main receptor of Nogo-A, NgR mediates
its effects on Ras homolog family member A (RhoA) and
downstream pathways, resulting in collapse of growth cone
and inhibition of oligodendrocyte differentiation (9—11).

Previous studies have shown that neutralizing Nogo-A
inhibition can improve the functional recovery after spinal
cord injury (12). Nogo-A activation of RhoA has also been
shown to be important during cerebral infarction (13).
The whole effect of hyperbaric oxygen can reduce the
expression of Nogo-A and its pathway, and help to inhibit
the immediate regeneration after global cerebral ischemia
(14,15). However, there is no information about the effect
of Nogo-A, NgR, and RhoA on sciatic nerve recovery after
injury.
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Therefore, the aim of this study was to investigate the
effects of Nogo-A and its receptor on the repair of sciatic
nerve injury in rats.

Materials and Methods

Animals

Eight-week-old male Sprague-Dawley rats (180 + 20 g)
were purchased from Jinan Pengyue Experimental Animal
Co., Ltd. (SCXK (Lu) 20190003, China). All rats were main-
tained at the standard conditions of temperature range
(23 +2°C), average humidity (55 + 5%), light-and-dark cycle
of 12 h, and eating and drinking ad /libitum. Animal experi-
ments followed the NIH guidelines (NIH pub. No. 85-23,
revised 1996) and have been approved by the Yantaishan
hospital animal protection and use committee (2018-14).

Establishment of sciatic nerve injury model in rats

The rats were anesthetized by intraperitoneal injection
of 3% pentobarbital sodium (50 mg/kg). The skin was
disinfected with 2% iodine tincture, and deiodinated by
75% alcohol. The incision from the left hip to the back of
the thigh was about 5 cm long. After skin incision, the
sciatic nerve was separated and exposed at the anterior
muscle space of biceps femoris. If necessary, some super-
ficial gluteal muscles were cut off to expose the proximal
end of the sciatic nerve to the piriformis outlet and the distal
end to the middle and lower 1/3 of the thigh. Sciatic nerve
was cut off at 0.8 cm from piriformis muscle outlet. A sharp
blade was used to cut the sciatic nerve once to avoid saw
contusion. After operation, the wound was washed with
sterile normal saline and the skin was sutured.

Animal groups

Ninety-six rats were randomly divided into 4 groups
(n=24): 1) control group: only the sciatic nerve was exposed
without injury; 2) sciatic nerve transection group (model):
1 cm of sciatic nerve was removed at 0.8 cm from piriformis
muscle outlet to simulate long nerve defect; 3) immediate
repair group: the sciatic nerve was cut off at 0.8 cm from the
piriformis outlet, and then the epineurium was sutured with
10/0 non-invasive suture under the operating microscope to
repair the severed sciatic nerve; and 4) delayed repair group:
the sciatic nerve was cut off 0.8 cm at the exit of piriformis
muscle, and the distance between the two cut ends was
more than 1 cm. After 32 days, the epineurium was sutured
with 10/0 non-invasive suture under the operating micro-
scope to repair the severed sciatic nerve.

Samples collection

At 1 week and 6 weeks after injury (or operation), 12
rats in each group were selected. Six rats were eutha-
nized using 1% pentobarbital sodium (150 mg/kg). The
injured end tissues of the spinal cord and sciatic nerve of
the corresponding segments were placed in an Eppen-
dorf tube and frozen in liquid nitrogen for western blot
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detection. The other 6 rats were perfused with normal
saline and 4% paraformaldehyde through the left ventricle
to the ascending aorta, and tissues of injured spinal cord
and sciatic nerve were obtained, fixed with 4% parafor-
maldehyde for 24 h, and paraffin embedded for histo-
pathological and immunohistochemical detection.

H&E staining

The thickness of paraffin sections was 5 uM. The slices
were dewaxed with xylene and hydrated with ethanol.
Sections were dyed with hematoxylin (Solarbio, China) for
5 min and washed with tap water. After 30 s of ethanol
differentiation with hydrochloric acid, the sections were
soaked in tap water for 15 min, and then placed in eosin
dye (Solarbio) for 2 min. The tissues were observed under
an Olympus optical microscope (BX51, Olympus, Japan)
and histomorphological analysis was performed.

Tissue immunohistochemistry staining

Tissues were embedded in paraffin and sectioned, and
then dewaxed with xylene and hydrated with gradient
ethanol solution. H,O, methanol solution (3%) was added
for inactivation treatment for 20 min, high temperature
antigen in citrate buffer solution (pH 6.0) was used for
thermal repair for 10 min, and 5% BSA was used for
blocking treatment for 20 min. Rabbit anti rat Nogo-A
(1:200, orb337377, Biorbyt, UK) and NgR (1:500, orb185
998, Biorbyt) polyclonal antibodies were added and
reacted overnight at 4°C. After rewarming, goat anti-rabbit
IgG labeled with horseradish peroxidase (1:1000, orb21465,
Biorbyt, UK) was incubated with the secondary antibody.
After DAB staining, slides were dyed again, then dehy-
drated, cleared, and finally sealed. The slides were
observed under the optical microscope (400x, Olympus).
Analysis was done with ImagedJ software (NIH, USA), and the
results are reported as the percentage of positive cells (%).

Western blotting

Tissue samples were dispersed mechanically and
centrifuged (12,000 g, 10 min, 4°C). Then, the supernatant
was collected, and the concentration of the supernatant was
detected by a BCA kit (Solarbio). The 40-ug protein sample
was mixed with 10% SDS gel loading buffer (1:1), and
heated at 95°C for 5 min to denature the protein. The sam-
ples were transferred to PVDF (Merck, Germany) for 30 min
at 80 V, and sealed with tris-buffered saline plus Tween
20 (TBST) solution containing 5% skimmed milk powder for
1 h at4°C. Nogo-A, NgR, and RhoA were diluted with TBST
solution containing 3% bovine serum protein, and polyclonal
antibbody of B-actin was reacted overnight at 4°C. All
antibodies used are listed in Table 1. After rewarming, goat
anti-rabbit 1gG labeled with horseradish peroxidase (HRP)
was incubated for 1 h at room temperature, washed,
and stained with ECL luminescent substrate for 5 min. The
protein expression level was standardized by B-actin, and
scanned and quantified by ImageJ software (USA).
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Data analysis

SPSS 19.0 software (IBM, USA) was used for data
processing. The data are reported as means + SD. One-way
analysis of variance (ANOVA) was used to compare the data
between groups, and LSD test was used for post hoc
analysis. All data were analyzed using Shapiro-Wilk normal-
ity test. P <0.05 was considered to be statistically significant.

Results
H&E staining

As shown in Figure 1A, there was no inflammatory cell
infiltration at each time point in the control group, and the

Table 1. Antibodies used in this study.

Antibody Source Dilutions Company
B-actin Rabbit 1:2000 orb178392, Biorbyt, UK
Nogo-A Rabbit 1:1000 orb337377, Biorbyt, UK
NgR Rabbit 1:500 orb285998, Biorbyt, UK
RhoA Rabbit 1:500 orb228210, Biorbyt, UK
19G Rabbit 1:1000 orb21465, Biorbyt, UK
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nerve fibers were arranged orderly, the tissue was dense,
and the axon and myelin sheath had good continuity. One
week after operation, the nerve fibers in the sciatic nerve
transection group were disorderly arranged, some axons
disappeared, vacuolar degeneration appeared, most of
myelin sheath disintegrated, and edema and inflammatory
cell infiltration could be seen. In the immediate sciatic nerve
repair group, tissue fibers proliferated and the tissues
showed signs of recovery. At 6 weeks after operation, the
condition of all operation groups was improved. The patho-
logical improvement of the immediate repair group was
better than the delayed repair group. As shown in Figure 1B,
one week after operation, there were more normal neurons
in the posterior and anterior horn of the spinal cord in the
sham operation group, with normal structure. The axons,
dendrites, and nuclei of neurons were clear, and the nucleoli
were located in the center. In the model group and delayed
repair group, there was extensive vacuolation, necrosis, and
pyknosis of neurons in the posterior and anterior horn of the
spinal cord. The histological changes of spinal cord in the
immediate repair group were less than those in the model
group. At 6 weeks after operation, the number of normal
neurons in the posterior and anterior horn of the spinal cord

Immediate repair

Delayed repair

Figure 1. H&E staining was used to observe the pathological changes of the sciatic nerve (A) and spinal cord (B) after sciatic nerve
injury in rats of different groups. Panel A, magnification 200x; scale bar 100 um; panel B, magnification 400x; scale bar 50 pm.
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Figure 2. The expressions of Nogo-A (A) and NgR (B) were detected in sciatic nerve after sciatic nerve injury in rats of different groups
by immunohistochemistry. Magnification 400x, scale bar 50 pum. The data are reported as means + SD. *P <0.05, **P <0.01 compared
with control group; #P<0.05, P <0.01 compared with model group; “*P<0.01 compared with immediate repair group (ANOVA

followed by LSD test).

increased in the model group and the delayed repair group,
and neuronal necrosis and nuclear pyknosis were im-
proved. In the immediate repair group, the motoneurons
were preserved to a greater extent, and the degree of spinal
cord injury was less.

Protein expressions of Nogo-A and NgR in sciatic nerve

Compared with the control group, the protein expres-
sions of Nogo-A (Figure 2A) and NgR (Figure 2B) in
sciatic nerve in the other three groups were significantly
increased after 1 week and 6 weeks from operation.
Compared with the model group, the protein expressions
of Nogo-A and NgR in the immediate repair group were
significantly decreased (P <0.05).

Protein expressions of Nogo-A and NgR in spinal cord

As shown in Figure 3, at 1 week and 6 weeks after
operation, the protein expressions of Nogo-A (Figure 3A)
and NgR (Figure 3B) in the spinal cord were significantly
increased in the other three groups compared with the
control group both in dorsal horn and anterior horn
(P<0.05). Similar to the sciatic nerve, the expressions
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of Nogo-A and NgR in the immediate repair group were
significantly decreased compared with the model group,
and the immediate repair group was lower than that in the
delayed repair group (P <0.05).

Protein expressions of Nogo-A, NgR, and RhoA

As shown in Figure 4, 1 week after injury, compared with
the control group, the protein expressions of Nogo-A (Figure
4A), NgR (Figure 4B), and RhoA (Figure 4C) in spinal cord
and sciatic nerve tissues of the other three groups were
significantly increased (P <0.05). Compared with the model
group, the expressions of Nogo-A, NgR, and RhoA proteins
in the immediate repair group was significantly decreased
(P<0.05). After 6 weeks from injury, compared with the
control group, the protein expressions of Nogo-A, NgR, and
RhoA in the other three groups were higher (P <0.05).
Compared with the model group, the protein expressions of
Nogo-A, NgR, and RhoA in the immediate repair group and
the delayed repair group were significantly decreased, and
the protein expressions of Nogo-A, NgR, and RhoA in the
immediate repair group were lower than those in the delayed
repair group (P <0.05).
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Figure 3. The expression of Nogo-A (A) and NgR (B) in the anterior horn and posterior horn of the spinal cord after sciatic nerve injury in
rats of different groups was detected by immunohistochemistry. Magnification 400x, scale bar 50 um. The data are reported as means £
SD. *P<0.01, compared with control group; #P <0.05, #P <0.01 compared with model group; "P<0.05, ""P<0.01 compared to

immediate repair group (ANOVA followed by LSD test).
Discussion

Nerve regeneration is a complex biological process,
including a variety of cells, growth factors, and extra-
cellular matrix. Elucidating the molecular mechanism of
peripheral nerve injury and nerve repair can greatly im-
prove the therapeutic strategies of the disease (16,17).
Therefore, the search for the key genes that activate the
intrinsic growth ability of neurons is important for the field.
Peripheral neuropathy of the lower extremity is a common
condition, usually associated with trauma and surgery
(18,19). These injuries seriously affect the activity and

Braz J Med Biol Res | doi: 10.1590/1414-431X2020e10842

function of patients, and are closely related to social and
economic problems.

Previous studies have demonstrated the expression
of Nogo-A in peripheral sensory neurons, the increase
of Nogo-A mRNA or protein in hippocampal pyramidal
neurons after injury of the inner olfactory cortex, and the
increase of Nogo-A mRNA or protein in neurons after
middle cerebral artery occlusion (20—22). In our study, the
expression of Nogo-A protein in the spinal cord and sciatic
nerve tissues increased after sciatic nerve transection.
Compared with the sciatic nerve transection group, the
pathological changes in the immediately repaired sciatic
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Figure 4. The expression of Nogo-A (A), NgR (B), and RhoA (C) protein was detected by western blot in rats after sciatic nerve injury.
*P<0.05, **P<0.01 compared with control group; #P <0.05, *P <0.01 compared with model group; "P <0.05, ""P<0.01 compared
with Immediate repair group. The data are reported as means + SD and were compared with ANOVA followed by LSD test.

nerve group were less, and the protein expressions of
Nogo-A, NgR, and RhoA in the spinal cord and sciatic
nerve tissues were decreased. RhoA is described in
experimental models of sciatic nerve injury and central
nervous system myelin exposure, indicating that the
pharmacological blockers of RhoA block the function of
Nogo-A (23,24). Our study suggests that RhoA signal was
a key regulator of Nogo-A in the repair of sciatic nerve
injury. Inhibition of RhoA or Rho kinase downstream from
C3 ftransferase promotes axonal growth and axonal
regeneration after injury, which is related to a decrease
of Nogo-A transcription level (25,26). The regulation of
Nogo-A expression by RhoA is closely related to axonal
dynamics. Nogo-A restrains neuronal growth by nega-
tively regulating the movement of the growth cone (27).
Our study suggests that Nogo-A played a role in the
inhibition of axon growth.

NgR is a common receptor for the three known
myelin-associated inhibitors, Nogo-A, myelin-associated
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glycoprotein (MAG), and oligodendrocyte myelin glyco-
protein (OMgp) (28). NgR plays a key role in the failure of
axonal regeneration in the adult mammalian CNS (29).
In previous studies, NgR antagonistic peptide NEP1-40, a
soluble NgR, and a transgenic NgR inhibitor with soluble
function blocked NgR fragment NGR310 (30). NgR has
been used to antagonize the binding of myelin-related
inhibitors with NgR, thus promoting axon regeneration and
functional recovery after spinal cord injury (31,32). The
inhibitory effect of NgR on the growth of myelin sheath
has also been demonstrated in vitro (33). In this study,
the protein expression of NgR in spinal cord and sciatic
nerve tissues decreased compared with the sciatic nerve
transection group. These findings suggest that Nogo-A
and its receptor had significant effects on the repair of
sciatic nerve injury in rats.

However, our study had some limitations. A lack of
research on relevant pathways evaluated in our experi-
ments prevented the elucidation of specific mechanisms
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by which Nogo-A inhibited the repair of sciatic nerve injury
in rats.

In conclusion, the expression of Nogo-A and its

receptor increased after sciatic nerve injury, suggesting
that Nogo-A and its receptor may play an inhibitory role
in the repair process of sciatic nerve injury in rats. Future
studies may further evaluate the expression of Nogo A at
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