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Background: The emerging role of inflammation in the initiation and maintenance of
neuropathic pain has been confirmed. Previous studies have reported that miR138 has
neuroprotective and anti-inflammatory effects in animal models of spinal cord injury and
in human coronary artery endothelial cell injury, while its effect on neuropathic pain is still
not known. As the mechanism of neuropathic pain remains unclear, we investigated whether
miR138 is involved in the development of neuropathic pain and the role of miR138 in the
modulation of inflammation in the spinal cord in a mouse model of neuropathic pain induced
by spared sciatic nerve injury (SNI).

Materials and methods: Firstly, the expression of miR138 in spinal cord was evaluated on
days 1, 3, 5, 7, 9 and 14 after SNI. And then, LV-miR-control and LV-miR138 were
intrathecally injected 1 week before the surgery followed by investigation of the expression
of miR138, mechanical allodynia and thermal hyperalgesia on day 1, 3, 5, 7, 9, 14 after SNI.
Ipsilateral L4-L6 spinal cord tissue was harvested on day 14 post-SNI and detected by
Western blotting, enzyme-linked immunosorbent assay or immunohischemistry.

Results: We observed decreased expression of miR138 and increased expression of proin-
flammatory cytokines, along with activated microglia, astrocytes and nuclear factor-xB
(NF-xB), in the spinal cord dorsal horn after SNI. Moreover, the intrathecal upregulation
of miR138 significantly alleviated SNI-induced mechanical allodynia and thermal hyperal-
gesia, downregulated the production of proinflammatory cytokines, and deactivated micro-
glia, astrocytes and NF-«B.

Conclusion: The results indicate that miR 138 contributes to the development of neuropathic
pain and that the overexpression of miR138 alleviates pain hypersensitivity by inhibiting
proinflammatory cytokine production and glial activation, which suggests a novel target for
reducing neuropathic pain.

Keywords: neuropathic pain, miR138, spared sciatic nerve injury, NF-xB

Introduction

Peripheral nerve injury-induced neuropathic pain remains a challenging topic in
clinical practice because of the complicated mechanism of its initiation and
maintenance.' In addition, the poor curative effects and severe side effects of
traditional therapeutic methods hinder their wide and long-term application.> It is
very important to search for optimal strategies for the management of neuropathic
pain. Inflammation and the activation of glial cells have long been demonstrated to
play a pivotal role in the mechanism of neuropathic pain.*> Therefore, blocking
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inflammatory cascades by different methods has been
identified as an important management strategy for ameli-
orating neuropathic pain.

MicroRNAs (miRNAs) are small noncoding RNA
molecules (containing approximately 22 nucleotides) that
are found in plants, animals and some viruses and function
in RNA silencing and the posttranscriptional regulation of
gene expression.®” In recent years, miRNAs have been
found to be involved in a large number of diseases.® '°
Studies have found that some miRNAs are downregulated
in pathological processes, which indicates the protective
role of miRNAs in some diseases.'"'?

Among these miRNAs, miRNA 138 (miR138) has
been demonstrated to be decreased in the initiation and
maintenance stages of multiple diseases, suggesting that
the upregulation of miR138 might be beneficial.'?
Previous studies have verified the role of miR138 in ame-
liorating traumatic brain injury (TBI)-induced cerebral
damage and inhibiting the metastasis of breast cancer
and non-small cell lung cancer.'*'> Recent studies have
also reported the neuroprotective effect of miR138 in
transected spinal cord animals.'® Additionally, the down-
regulation of miR138 contributes to the sustained activa-
tion of NF-xB and the
increasing the release of proinflammatory cytokines, such
as TNF-q, IL-1p, and IL-6,'%'° which indicates the poten-

tial role of miR138 in neuropathic pain. In our pilot study,

inflammatory response by

we found that the expression of miR138 decreased signifi-
cantly with the development of neuropathic pain in the
L4-L6 spinal dorsal horn in a mouse model of spared
sciatic nerve injury (SNI). However, whether miR138
can attenuate pain hypersensitivity in SNI mice and the
underlying molecular mechanisms remain unclear.

Thus, the present study was designed to investigate the
role of miR138 in pain behavior and the inflammatory
response and revealed the underlying mechanism in SNI-
induced neuropathic pain in a mouse model.

Materials And Methods

Animals

All protocols were approved by the Institutional Animal
Experimental Ethics Committee of Huazhong University
of Science and Technology (LLSC 20180221) and per-
formed in accordance with the guide for the Care and
Use of Laboratory Animals of Tongji Medical College
and the Declaration of Helsinki. The experiments were
performed on male wild-type C57BL/6 mice (22 + 2 g).

All mice (10 mice per cage) were maintained under stan-
dard housing conditions with a 12-h/12-h light-dark cycle,
and food and water were provided ad libitum.

Animal Model Of Neuropathic Pain
Induced By Spared Sciatic Nerve Injury
(SNI)

The mice were anesthetized with ketamine hydrochloride
plus xylazine (ketamine hydrochloride: 90 mg/kg body
weight; xylazine: 5 mg/kg). The skin on the lateral surface
of the left thigh was incised, and an incision was made
directly through the biceps femoris muscle to expose the
sciatic nerve and its three terminal branches, the sural,
common peroneal and tibial nerves. The tibial and com-
mon peroneal nerves were ligated, and the sural nerve was
left intact. The common peroneal and tibial nerves were
tightly ligated with a 5.0 silk suture and severed distal to
the ligation to removed 2 + 4 mm of the distal nerve
stump. Great care was taken to avoid any contact with or
stretching of the intact sural nerve. The muscle and skin

were closed in two layers.!”'®

RNA Extraction And Real-Time PCR

Total RNA from the ipsilateral L4-L6 spinal dorsal horn
was extracted using TRIzol (Invitrogen) according to the
manufacturer’s instructions on days 1, 3, 5, 7, 9, and 14
after SNI. The level of miR138 (F primer: 5-GGTGT
CCGTGGAGTCGGCAA-3', R primer: 5'-AACTTCACA
ACACCAGCTTA-3') was quantitatively analyzed using
an miRNA gRT-PCR primer (Invitrogen) and Platinum
SYBR Green qPCR SuperMix-UDG with ROX
(Invitrogen) on an ABI 7000H instrument (Applied
Biosystems) according to the manufacturer’s instructions.
B-actin (F primer: 5'-CACCACACCTTCTACAATGAGC-
5'-GTGATCTCCTTCTGCATCCTGT-3')
was used as an internal control. Relative quantification

3’, R primer:

was calculated based on fold changes determined by the
2-AACt method.'""?

Oligonucleotide Transfection And Plasmid

Construction

A miR138 mimic (5'-CCUGCUUGCU-CAAAUCAAUTT-
3") and miR-control (5'-CAGUACUUUU-GUGUAGUAC
AA-3") were purchased from Invitrogen. The miRNAs at a
working concentration of 50 nmol/L were transfected using
RNAIMAX reagent (Invitrogen, Carlsbad, CA), and oligo-
nucleotide transfection was performed with Lipofectamine
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2000 (Invitrogen, Carlsbad, CA) according to the manufac-
turer’s instructions. The miR-mimic and miR-control were
cloned into the pLVTHM lentiviral vector (Invitrogen,
Carlsbad, CA), and the recombinant plasmid was called
LV-miR138.'"1¢

Intrathecal Injection
LV-miR-control and LV-miR138 were
injected using a modified version of a previously described

intrathecally

method."? In brief, a mouse was held firmly in one hand by
the pelvic girdle at an angle of approximately 20 degrees
above the vertebral column. A microsyringe (10 puL) was
inserted into the space between the L5 and L6 spinous
processes so that it entered the groove between the spinous
and transverse processes. A sudden slight lateral flick of
the tail or paw movement indicated successful entry into
the dorsal subarachnoid space. Then, LV-miR-control or
LV-miR138 (5 pL, 1 x 10°> U) were slowly injected over a
1-min period, and the needle was left in place for a further
5 's. No abnormal behavioral consequences of the injection
were observed.

Treatment And Groups

The day of surgery was considered day 0 (Figure 1). Forty
mice were randomly divided into 4 groups: (1) the control
(ctrl) group; (2) the sham group; (3) the SNI+LV-miR-
(4) and the SNI+LV-miR138
(miR138) group. There were 10 mice in each group. The

control (ctrl) group;
mice in the sham group only underwent surgery to separate
the sciatic nerve, and the mice in the SNI group underwent
sciatic nerve injury surgery. LV-miR-control and LV-
miR138 were intrathecally injected 1 week before the
surgery. To control measurement bias, all behavioral tests
and other evaluated were performed in a double-blind
manner. Additionally, after all tests, we found that there
were no differences between the sham mice and the

control mice; thus, we included only the sham mice in
the results.

Behavioral Tests

The behavioral tests were performed on days 1, 3, 5, 7, 9,
11, and 14 after SNI (Figure 1). To measure the mechan-
ical withdrawal threshold (MWT; in grams) and paw with-
drawal latency (PWL; in seconds), mice were habituated
to plastic cages with a metal mesh floor (for the
MWT test) or a glass floor (for the PWL test) for at least
30 min.?2" An electronic von Frey device (IITC Life
Science Inc., USA) was used to stimulate the midplantar
surface of the hind paws, and the corresponding readout
was recorded until a withdrawal reflex was observed. The
measurement was repeated for the same paw three times
with a 5 min interval. The Hargreaves Test (Type 7370,
Planter Test Instrument, UgoBasile, Italy) was employed
to produce a beam of radiant heat to stimulate the mid-
plantar surface of the hind paws. and the readout was
recorded until the mouse lifted its paw away. The cut-off
time was set at 20 s to prevent damage to the paws of the
mice. The measurement was repeated for the same paw
three times with a 5 min interval, and the mean average of
three measures was calculated. After the behavioral tests
on day 14, the mice were decapitated under ketamine
hydrochloride and xylazine anesthesia for further analysis.

Western Blot Analysis

The ipsilateral L4-L6 spinal dorsal horn was collected on day
14 (Figure 1) and homogenized in RIPA buffer (Keygen,
Biotech, China) supplemented with a protease inhibitor cock-
tail and phosphatase inhibitors. Proteins were separated by
10% SDS-PAGE and electrophoretically transferred to
PVDF membranes. The membranes were blocked with 5%
nonfat milk for 2 h at room temperature and then incubated
with primary antibodies against GFAP (1:1000, Abcam,
Cambridge), Iba-1 (1:1000, Abcam, Cambridge), NF-kB

Behavioral tests/ RT-PCR

miR138/vehicle injection  SNI . . Western Blot
I I I I I I I I I > ELISA
Day -7 Day 0 1 3 5 7 ? 1 14 Immunoflourenscence

Figure | The timeline of the experiment.
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p65, p-p65 (1:1000, Millipore, Temecula, CA), B-actin and
lamin B (1:1000, Cell Signaling Technology, Beverly, MA)
overnight at 4°C. Then, the membranes were incubated with
a corresponding secondary antibody for 1 h at room tempera-
ture. The bands were analyzed using ImageJ Software (ver-
sion 1.45s; NIH, Bethesda, MD, USA).*

Enzyme-Linked Immunosorbent Assay

For ELISA, ipsilateral L4-L6 spinal dorsal horn tissue
samples were collected after MWT and PWL measurement
on day 14 (Figure 1). The contents of tumor necrosis
factor (TNF)-0, interleukin (IL)-1,
(IL)-6 (nug/mg) were quantified using enzyme-linked

and interleukin
immunosorbent assay (ELISA) kits (eBioscience, San
Diego, CA) according to the manufacturer’s instructions.
The samples were measured in duplicate. The readings
from each sample were normalized to the protein

concentration,'%?°

Immunofluorescence Assay

After the behavioral tests on day 14 (Figure 1), 5-mm
paraffin-embedded L4-L6 ipsilateral spinal cord sections
were permeabilized with PBS containing 1% Triton X-100
for 10 min, blocked with 10% normal goat serum for 1 h,
and then incubated overnight at 4°C with a rabbit-anti-Iba-
1 (1:100, Abcam, Cambridge, MA, USA) or rabbit-anti-
GFAP (1:100, Abcam, Cambridge, MA, USA) primary
antibody. After 3 washes with PBS, the sections were
incubated with donkey anti-rabbit IgG (1:200, Abbkine,
California, USA) for 1 h at room temperature followed by
DAPI (Sigma, USA). Images were captured using an
Olympus fluorescence microscope (Olympus, Tokyo,

Statistical Analysis

The data are presented as the mean + SD. GraphPad Prism
5.0 (San Diego, CA, USA) software was used for all ana-
lyses. Differences in behavior, the results of ELISA, and
immunofluorescence were analyzed by one-way or two-
way repeated-measures analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test. The correlation between the
MWT and PWL and the expression of miR138 were evalu-
ated by logistic regression. Statistical significance was
defined as P < 0.05.

Results

The Decreased Expression Of miR138
Was Correlated With The Development
Of Pain Hypersensitivity

First, the behavioral tests were performed after SNI sur-
gery. The results suggested that the MWT (Figure 2A,
from 8.253 + 0453 g to 1.205 £+ 0.469 g, P<0.05,
P<0.01, P<0.001, two-way ANOVA) and PWL
(Figure 2B, from 10.8 = 0.8 s to 4.7 = 0.9 s, P<0.05,
P<0.01, P<0.001, two-way ANOVA) declined sharply
after the first 3 days following SNI. They were persistently
maintained at a low level for at least 14 days (P<0.001,
two-way ANOVA). Then, the expression of miR138 was
detected.
decreased upon the development of mechanical allodynia
and thermal hyperalgesia (Figure 2C, P<0.01, P<0.001,
two-way ANOVA) and showed a similar trend as that of
the MWT and PWL in SNI mice. We also analyzed the
relationship between the expression of miR138 and the

Interestingly, the expression of miR138

MWT and PWL. Using logistic regression, we found that
the changes in the expression of miR138 were closely

Japan).’ correlation with the MWT and PWL (MWT: R2=0.99,
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Figure 2 The expression of miR 138 in the spinal dorsal horn decreased upon the development of pain hypersensitivity. The mechanical withdrawal threshold (MWT, A) and
paw withdrawal latency (PWL, B) decreased after spared sciatic nerve injury (SNI). SNI decreased the expression of miR138 in the spinal cord after SNI (C). The data are
shown as the means + SD. *P<0.05, **P<0.01, ***P<0.001 versus the sham group, n=10 in each group, two-way ANOVA for MWT and PWL, one-way ANOVA for the

expression of miR138.
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95% CI= —1 t0-0.96, P<0.001; PWL: R2=0.95, 95% Cl=  The Levels Of Proinflammatory Cytokines
—0.99 to —0.96, P<0.05, logistic regression), which indi- Were Decreased After miR 138 Was

cated that the decreased expression of miR138 contributed Upregulated In The Spinal Cord

to SNI-induced pain hypersensitivity. . . . L
P P y As proinflammatory cytokines are important for the initia-

tion and maintenance of neuropathic pain,* the levels of

Overexpression Of miR138 Alleviated TNE-o, IL-1p and IL-6 (Figure 4A-C, one-way ANOVA)
SNI-Induced Mechanical Allodynia And in the ipsilateral L4-L6 spinal dorsal horn were examined
Thermal Hyperalgesia by ELISA on day 14 after SNI. The results showed that the

levels of TNF-o, IL-1B and IL-6 were dramatically
increased after SNI (Figure 4A-C, P<0.001, one-way
ANOVA), while pretreatment with miR138 via intrathecal
injection significantly inhibited the production and release

To examine whether the increased expression of miR138
in the spinal cord can alleviate pain hypersensitivity, SNI
mice were pretreated with LV-miR138 via intrathecal

injection. The results indicated that the expression of
of these proinflammatory cytokines (Figure 4A—C, P<0.01,

one-way ANOVA). These results confirmed that the
inflammation that occurs during SNI induces neuropathic

miR138 in the spinal cord was significantly increased in
SNI mice after pretreatment with miR138 (Figure 3A,
P<0.01, one-way ANOVA). It was also shown that there
was only a slight decrease in the MWT (Figure 3B, from
8.086 + 0.497 g to 6.607 £ 0.494 g, P<0.05, P<0.01, Matory responses.

P<0.001, two-way ANOVA) and PWL (Figure 3C, 10.5

+0.8 s to 8.8 = 0.6 5, P<0.05, P<0.01, P<0.001, two-way Upregulation Of miR 138 Suppressed Gilial
ANOVA) after pretreatment with miR138 and that the Activation

MWT and PWL maintained at a relatively high level  The activation of glial cells is involved in the inflamma-
after SNI, which indicated that, compared with the mice  tory response.”>>* GFAP (Figure 5A and B) and Iba-1
in the SNI+ctrl group, the mice in the SNI were insensitive  (Figure 6A and B) were used as markers for astrocytes and
to the mechanical and thermal stimuli. It was also shown  microglia, respectively. There was a high number of
that the expression of miR138 was closely correlated with  GFAP-positive cells after SNI (Figure 5A and B,
changes in the MWT (R2= 0.96, 95% CI= —0.99 t0-0.95, P<0.001, one-way ANOVA), and the number of these
P<0.001, logistic regression) and PWL (R2=0.99, 95% cells was significantly reduced by pretreatment with
CI=—0.97 to —0.94, P<0.05, logistic regression). There = miR138 (Figure 5A and B, P<0.01, one-way ANOVA) in
was no observed effect of LV-miR-control on pain beha- the L4-L6 ipsilateral spinal cord dorsal horn. We also

pain and indicated the important role of miR138 in inflam-

vior. These results confirmed that the overexpression of found that the level of Iba-1-positive cells detected by
miR138 can alleviate pain hypersensitivity. immunofluorescence staining was significantly increased
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Figure 3 Upregulation of miR 138 in the spinal cord attenuated SNI-induced pain hypersensitivity. (A) The expression of miR 138 in the spinal cord was significantly increased
by pretreatment with miR138 in SNI mice. The MWT (B) and PWL (C) decreased after SNI in mice, and pretreatment with miR138 (B and C) reversed the decrease in the
MWT and PWL after SNI. The data are shown as the means + SD. *P<0.05, **P<0.01, ***P<0.00| versus the sham group; #P<0.05, ##P<0.01, P<0.00| versus the SNI+ctrl
group, n=10 in each group, two-way ANOVA for MWT and PWL, one-way ANOVA for the expression of miR138.
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Figure 4 Increased production of proinflammatory cytokines induced by SNI was suppressed after the upregulation of miR138 in the ipsilateral L4-L6 spinal cord on day 14
after SNI. The production of TNF-a (A), IL-1§ (B) and IL-6 (C) was increased dramatically after SNI and was reduced after the expression of miR138 increased in the
ipsilateral spinal cord on day 14. The data are shown as the means + SEM. ***P<0.001 versus the sham group, ##P<0.0| versus the SNI+ ctrl group, n=10 in each group, one-

way ANOVA.

after SNI (Figure 6A and B, P<0.001, one-way ANOVA)
but decreased sharply after treatment with miR138
(Figure 6A and B, P<0.01, one-way ANOVA). The
Western blotting results of the expression of GFAP
(Figure 5C, P<0.01, one-way ANOVA) and Iba-1
(Figure 6C, P<0.05, one-way ANOVA) were consistent
with  the
Collectively, this evidence confirmed that the upregulation

results of immunofluorescence staining.
of miR138 in the spinal cord can significantly decrease the
activation of astrocytes and microglia, which are activated

by SNI.

Activation Of Nuclear Factor-kB (NF-«B)
Was Suppressed After An Increase In The
Expression Of miR138

NF-kB has been implicated in the inflammatory response
and neuropathic pain.>* To determine the role of miR138
in the activation of NF-xB, Western blotting was used to
detect NF-«B activity in the L4-L6 ipsilateral spinal dorsal
horn. The results showed that the SNI-induced increase
(Figure 7A, P<0.001, one-way ANOVA) in the nuclear-
cytoplasmic ratio of p65 was sharply decreased after pre-
treatment with miR138 (Figure 7A, P<0.01, one-way
ANOVA) on day 14 after SNI. Similarly, p65 phosphor-
ylation at Ser 536 was increased after SNI (Figure 7B,
P<0.001, one-way ANOVA) but was dramatically reduced
by miR138 (Figure 7B, P<0.01, one-way ANOVA).

Discussion

In our present study, we showed that the upregulation of
miR 138 in the spinal cord ameliorated neuropathic pain in
a mouse model of SNI. We used a gene intervention

technique to identify the role of miR138 in neuropathic
pain. The results suggested that the therapeutic effect of
increased miR138 expression on neuropathic pain prob-
ably relied on the anti-inflammatory effects of miR138
because the upregulation of miR138 suppressed the pro-
duction of proinflammatory factors and the activation of
astrocytes and microglia in the spinal cord. Furthermore,
the activation of NF-kB was also inhibited after the upre-
gulation of miR138 in the spinal dorsal horn.

The downregulated expression of miR138 has been
demonstrated to contribute to the exacerbation of brain
damage and spinal injury.'®'® Therefore, facilitating the
expression of miR138 during the initiation and mainte-
nance of injury represents a promising therapeutic
approach. Similarly, neuropathic pain and subsequent
pain hypersensitivity result from nerve injury, which indi-
cates that miR 138 might contribute to neuropathic pain. In
addition, a previous study also revealed that decreased
miR138 activates the NF-kB pathway and the inflamma-
tory response.'>'® To determine the role of miR138 in
neuropathic pain and the inflammatory response, specific
miR138 mimics were used in our study. The results
showed that the upregulation of miR138 alleviated the
proinflammatory response in the spinal cord and therefore
ameliorated neuropathic pain induced by SNI.

Microglia and astrocytes play key roles in maintaining
the hemostasis of the nervous system.”” >* Previous stu-
dies have suggested that microglia contribute to protective
effects against nerve injury and that astrocytes provide
structural and nutritive support for neurons. However, in
the early stage of nerve injury, activated microglia and
astrocytes produce and release a large number of cytokines
and chemokines. It has been reported that the activation of
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Figure 5 Upregulation of miR 138 inhibited astrocyte activation in the ipsilateral L4-L6 spinal dorsal horn on day 14 after SNI. Representative immunofluorescent staining for
GFAP (A), the quantification of fluorescence intensity (B) and Western blot analysis of GFAP expression (C) for detecting the activation of astrocytes. The data are shown
as the means + SEM. **P<0.00| versus the sham group, ##P<0.01 versus the SNI+ctrl group, n=10 in each group, one-way ANOVA.

microglia and astrocytes facilitates the development of
mechanical allodynia and thermal hyperalgesia after
nerve injury.>> 2’ Thus, inhibiting the activation of micro-
glia and astrocytes may attenuate nerve injury-induced
pain hypersensitivity. In our present study, the activation
of microglia and astrocytes was significantly decreased by
the overexpression of miR138.

A variety of inflammatory cytokines and chemokines,
such as TNF-a, IL-1p and IL-6, are sharply increased
within a few days after nerve injury.®® Previous studies

have reported that the regional administration of exogen-
ous IL-6 can induce significant pain hypersensitivity. TNF-
a is one of the most recognized cytokines, and the intrathe-
cal injection of a neutralizing antibody against TNF can
also attenuate mechanical allodynia and thermal hyperal-
gesia in several animal models of neuropathic pain.*’
Additionally, the increased levels of these proinflamma-
tory cytokines and chemokines contribute to glial activa-
tion. Reciprocally, activated glia then exacerbate the

inflammatory response.”> Thus, the downregulation of the
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Figure 6 Upregulation of miR 138 inhibited microglial activation in the ipsilateral L4-L6 spinal dorsal horn on day |4 after SNI. Representative immunofluorescent staining for
Iba-1 (A), the quantification of fluorescence intensity (B) and Western blot analysis of Iba-| expression (C) for detecting the activation of microglia. The data are shown as
the means + SEM. ***P<0.001 versus the sham group, #P<0.05, ##P<0.01 versus the SNI+ctrl group, n=10 in each group, one-way ANOVA.

production of inflammation and the activation of glia may
be beneficial. In the present study, the increased expression
of miR138 in the spinal cord significantly decreased the
expression of these factors.

It has long been demonstrated that NF-xB is
involved in neuropathic pain, and the phosphorylation
of NF-kB p65 promotes the degradation of IxB and
subsequently activates p65.°* Activated NF-kB facili-
tates p65 translocation to the nucleus from the cyto-
then increases the

plasm and transcription and

expression of its target genes, such as TNF-a, IL-6
and IL-1B.*°7° In addition, activated NF-kB contri-
butes to the activation of astrocytes and microglia.
Reciprocally, NF-kB can also be activated by increased
levels of proinflammatory cytokines.>! Previous studies
have also demonstrated that decreased expression of
miR138 accelerates the activation of NF-«kB. In our
mouse model of neuropathic pain, pretreatment with
miR138 significantly decreased the nuclear transloca-
tion and phosphorylation of NF-kB, which suggests
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Figure 7 NF-kB activation and nuclear translocation were significantly decreased after the increased expression of miR138 in the L4-L6é spinal cord dorsal horn. Western
blotting was used to examine nuclear and cytoplasmic p65 expression (A) and p65 phosphorylation (B). Pretreatment with miR138 sharply decreased p65 nuclear
translocation and phosphorylation. The data are shown as the means * SEM. ***P<0.001 versus the sham group, ##P<0.01, n=10 in each group, one-way ANOVA.

that the therapeutic effect of miR138 on neuropathic
pain might correlate with the inhibition of NF-xB in
the spinal cord.

In the present study, a mouse model of spared sciatic
nerve injury was used to simulate the pain symptoms of
clinical patients. Consistently, the expression of miR138

9,11 and

remains steady for nearly 16 days after injection,
consistent with earlier studies, and our results showed that
the expression of miR138 was maintained at a high level
for 14 days after SNIL.

There are some limitations to this study. First, as seen in
the results, pretreatment with miR138 did not completely
alleviate mechanical allodynia and thermal hyperalgesia,
indicating that other factors or signaling pathways must be
involved in neuropathic pain; this will be determined in
future studies. In addition, we only pretreated the mice with
miR138 before the establishment of neuropathic pain. The
effects of treatment with miR18 after the establishment of
neuropathic pain also needs to be investigated. Second, even
though the overexpression of miR138 had a beneficial effect
on neuropathic pain, the possible side effects or adverse

effects should be further evaluated. Third, the effect of the
downregulated expression of miR138 on neuropathic pain
should also be investigated in the future, even though the
expression of miR138 is decreased in SNI mice.

In conclusion, our present study demonstrated that
the upregulation of miR138 in the spinal cord signifi-
cantly ameliorates spared sciatic nerve injury-induced
neuropathic pain, probably through an anti-inflammatory
effect that is correlated with the suppression of the NF-
kB signaling pathway. Additionally, the present results
indicate a novel target for clinical research for neuro-
pathic pain.
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