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Down-regulation of microRNA-382-5p reduces
neuropathic pain by targeting regulation of dual
specificity phosphatase-1

Anjie Xu'*, Huili Shen**, Shasha Mei*, Zhongwei Wang*, Qiuyi Xie**, Huaging Cui®, Yunchao Chu*, and
Baihe Feng’

'Department of Pain Management, Zhongnan Hospital of Wuhan University, Wuhan, China, 2Department of Anaesthesia
and Surgery, Hebei Maternity Hospital, Shijiazhuang, China, >Department of Anesthesiology and Surgery, Shengli Oilfield
Central Hospital, Dongying, China, “Department of Pain, Shengli Qilfield Central Hospital, Dongying, China, *Shandong
Second Medical University, Weifang, China, *Department of Anesthesiology, Dongying Hospital of Traditional Chinese
Medicine, Dongying, China, ‘Department of Anesthesiology, The First Hospital of China Medical University, Shenyang,
China

Background: MicroRNA (miRNA) plays a crucial role in neuropathic pain (NP) by targeting mRNAs. This study aims to
analyze the regulatory function and mechanism of miR-382-5p/dual specificity phosphatase-1 (DUSP1) axis in NP.
Methods: We utilized rats with chronic constriction injury (CCI) of the sciatic nerve as the NP model. The levels of miR-
382-5p and DUSP1 were reduced by intrathecal injection of lentiviral interference vectors targeting miR-382-5p and
DUSP1. The mRNA levels of miR-382-5p and DUSP1 in the dorsal root ganglions (DRGs) were measured by RT-gPCR
assay. The pain behavior was evaluated by mechanical nociceptive sensitivity and thermal nociceptive sensitivity. The
expression levels of interleukin-6 (IL)-6, IL-13, and tumor necrosis factor-a in the DRGs were analyzed by ELISA assay.
The targeting relationship between miR-382-5p and DUSP1 was verified by DLR assay and RIP assay.

Results: Compared to the Sham group, the CCI rats exhibited higher levels of miR-382-5p and lower levels of
DUSP1. Overexpression of miR-382-5p significantly decreased DUSP1 levels. Reducing miR-382-5p levels can lower
the mechanical nociceptive sensitivity and thermal nociceptive sensitivity of CCI rats and inhibit the over-activation
of pro-inflammatory factors. Reduced miR-382-5p levels decreased NP in CCl rats. DUSP1 is the target of miR-382-
5p, and down-regulation of DUSP1 reverses the inhibitory effect of reduced miR-382-5p levels on NP.

Conclusions: Down-regulation of miR-382-5p inhibits the over-activation of pro-inflammatory factors by targeting
and regulating the expression of DUPS1, thereby alleviating NP.
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INTRODUCTION

Neuropathic pain (NP) is a primary type of chronic pain,
defined by the International Association for the Study
of Pain as pain resulting from lesions of the somatosen-
sory nervous system or diseases [1]. NP is classified into
central NP and peripheral NP, depending on the initially
affected site [2]. The main characteristics of NP are hyper-
algesia, abnormal pain, spontaneous pain and paraesthe-
sia [3]. According to epidemiological studies, NP patients
make up 20%-25% of chronic pain patients, and the pain
degree of NP is more severe than that of non-NP [4]. This
specific type of pain impacts 7%-10% of the global popu-
lation, compromising patients' quality of life and increas-
ing their financial burden [5]. Currently, the mechanisms
behind NP's onset and development remain unclear, and
clinical treatments have limited effectiveness. Therefore,
a comprehensive understanding of the molecular mecha-
nism of NP's pathogenesis could aid in developing new
therapeutic strategies.

MicroRNAs (miRNAs) play a crucial role in gene expres-
sion regulation, with over 60% of mRNA being targeted by
miRNAs [6]. They are essential for maintaining the ner-
vous system's function and can influence the onset and
development of NP by regulating neuroinflammation [7].
As a member of the miRNAs, miR-382-5p has been shown
to be associated with nerve damage and inflammatory
diseases. For example, during spinal cord injury, the in-
flammatory response of microglia is linked to increased
levels of miR-382-5p, which inhibits spinal cord injury
repair [8]. Conversely, down-regulation of miR-382-5p
can inhibit neuronal apoptosis and neuroinflammation
of human neural precursor cells [9]. Extracorporeal shock
waves can facilitate neural function recovery by inhibit-
ing miR-382-5p expression [10]. Furthermore, miR-382-
5p levels have also been shown to be elevated in the af-
fected skin of NP patients after shingles [11]. Studies have
indicated that promoting the conversion of microglia to
an anti-inflammatory phenotype is a potential strategy
for treating NP. Dual specificity phosphatase-1 (DUSP1)
is a key component in the regulation of anti-inflamma-
tory responses, and overexpression of DUSP1 has been
shown to attenuate pain behaviors in NP rats by promot-
ing microglia polarization [12]. Additionally, researchers
found that activating DUSP1 plays a neuroprotective role
in nerve damage by inhibiting neuronal apoptosis and in-
flammation of microglia [13]. However, whether miR-382-
5p influences NP by regulating the expression of DUSP1
remains to be further studied.

Based on previous studies, it was hypothesized that

miR-382-5p plays a role in the onset and progression of
NP, and DUSP1 may be the target of miR-382-5p in NP.
The miR-382-5p/DUSP1 axis may be a new target for
treating NP.

MATERIALS AND METHODS

1. Experimental animal

We purchased 120 adult male Sprague-Dawley rats (180-
200 g) from SLAC Laboratory Animal Co. The rats were
kept at room temperature of 20°C-25°C, relative humid-
ity of 40%-70%, normal 12 hr circadian rhythm, and they
were free to eat and drink. The Shengli Oilfield Central
Hospital Laboratory Animal Ethics Committee (no. Q/
ZXYY-ZY-YWB-LL202247) approved the experimental
protocol. All animal experiments adhered to national and
international guidelines to minimize animal discomfort.

2. Experimental grouping

One hundred twenty adult male Sprague-Dawley rats
were divided into two batches (two rats were removed
from the study due to death). The first batch of 40 rats
was randomly divided into the sham group (n = 20) and
the chronic constriction injury (CCI) group (n = 20). The
rats were fed in the same environment as before, and
behavioral tests were conducted after 2 weeks of acclima-
tization in the animal house. Behavioral tests were per-
formed at 0, 3, 7, 14, and 21 days after CCI surgery, four
rats were euthanized at each time point, and dorsal root
ganglions (DRGs) were collected for real-time quantita-
tive reverse transcription polymerase chain reaction (RT-
gPCR), Western blot, and enzyme-linked immunosor-
bent assay (ELISA) experiments. The second batch of 78
rats was randomly divided into the sham group (n = 13),
CCI group (n = 13), CCI + LV-anti-NC group (lentivirus
negative control was injected before CCI, n = 13), CCI +
LV-anti-miR-382-5p group (lentiviral interference vec-
tors targeting miR-382-5p were injected before CCI, n =
13), CCI + LV-anti-miR-382-5p + sh-NC group (lentiviral
interference vectors targeting miR-382-5p and lentivi-
ral negative controls were injected before CCI, n = 13),
CCI + LV-anti-miR-382-5p + sh-DUSP1 group (lentiviral
interference vectors targeting miR-382-5p and DUSP1
were injected before CCI, n = 13). The rats were fed in the
same environment as before, and behavioral tests were
conducted after 2 weeks of acclimatization in the animal
house. Behavioral tests were performed at 0, 3, 7, 14, and
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Fig. 1. Experimental design flow chart. LV-anti-NC: empty lentivirus, LV-anti-miR-382-5p: lentivirus that inhibits miR-382-5p, sh-NC:
empty lentivirus, sh-DUSP1: lentivirus that inhibits DUSP1, DUSP1: dual specificity phosphatase-1, CCl: chronic constriction injury,
RT-gPCR: real-time quantitative reverse transcription polymerase chain reac-tion, ELISA: enzyme-linked immunosorbent assay.

21 days after CCI surgery. All rats were euthanized on day
21, and DRGs were collected for RT-qPCR and ELISA ex-
periments (Fig. 1).

3. Constructing NP rat models

We constructed the NP model through CCI surgery. First,
the rats were anesthetized with pentobarbital sodium (40
mg/kg), then were positioned prone to expose the left
lower limb. An incision was made in the femoral skin of
the left lower limb and separated the tissue layer by layer.
The sciatic nerve was then ligated with 4-0 chromium
sheep's intestines at 1-mm intervals, four times in total.
The ligature strength was controlled to avoid being too
loose or too tight, and was optimal when it produced a
small, temporary twitch of the thigh. After ligation, the
incision was sutured layer by layer. Post-surgery, the rats
were placed on a heating pad until they woke up. In the
sham group, only the sciatic nerve was exposed without
ligation.

4, Intrathecal injection

The technique of intrathecal injection was used as pre-
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viously reported [14]. After anesthetizing the rats with
pentobarbital sodium (40 mg/kg), The rats are then im-
mobilized in a prone position with their waists elevated.
A 2 cm median longitudinal incision was made along the
L5-L6 lumbar interspace. The subcutaneous fascia and
muscle around the incision were bluntly separated, and
the spinous processes were removed using bone-biting
forceps to expose the dura mater. Then, the dura mater
was gently punctured with a needle (22G). The needle
had penetrated the dura mater when the rat's tail flutters
or twitches on both sides and emits clear fluid. Subse-
quently, a PE10 catheter is then inserted about 2 cm into
the subarachnoid space and fixed with a 4-0 thread once
the cerebrospinal fluid flowed out. After securing the
catheter, the wound was sutured and sterilized. At the
end of the procedure, 20,000 U of penicillin was injected
intraperitoneally into the rat. The rats are observed con-
tinuously for four days after the catheterization, exclud-
ing any with paralysis, infection, or catheter detachment.
In addition, 20 uL of lidocaine was injected into the cath-
eter, and successful intrathecal injection was indicated if
the rats were immediately paralyzed in both hind limbs
and resumed normal locomotion within 30 min. Next, to
reduce miR-382-5p and DUSP1 levels in the rats, lentivi-
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ral interference vectors targeting miR-382-5p and DUSP1
(LV-anti-miR-382-5p, sh-DUSP1) and their negative
controls (LV-anti-NC, sh-NC) were injected intrathecally
into the rats at a volume of 10 uL . This was done 72 hours
prior to the sciatic nerve chronic constriction surgery.

5. Behavioral testing

Behavioral tests in the rats included both mechanical
nociceptive sensitivity and thermal nociceptive sensitiv-
ity. These were measured by paw withdrawal threshold
(PWT) and paw withdrawal latency (PWL). The mechani-
cal nociceptive sensitivity and thermal nociceptive sen-
sitivity were evaluated on days 0, 3, 7, 14, and 21 of CCI
surgery.

1) Measurement of PWT

The rats were given 30 minutes to acclimate in a glass
box prior to the test. After 30 minutes, Von Frey fibers
(Stoelting) were utilized to vertically stimulate the left
hind foot of the rats. The pressure was recorded when the
rat displayed signs of pain, such as foot retraction or lick-
ing. Each rat underwent five stimulations, with at least 10
minutes interval between each.

2) Measurement of PWL

The rats were given 30 minutes to acclimate in a glass
box prior to the test. After 30 minutes, the bottom of the
left hindfoot of the rats was heated with a thermal radia-
tor (preheated 2-3 minutes in advance) under the glass
plate. The latency period from the start of the stimulation
to the retraction of the hind foot was recorded. To prevent
potential burns to the rat's plantar soft tissue, a maximum
exposure limit of 30 seconds was set for the radiant heat.
Each rat underwent this test five times, with a minimum
of a 10-minute interval between each test.

6. Specimen collection

After the behavioral experiment, the DRGs from each
group of rats were collected for follow-up experiments.
The collection time and number of DRGs are based on
the "experimental grouping” mentioned above. Briefly,
after anesthesia, the dorsal skin and fascia of the rats
were cut open. The spinous processes and transverse
processes from the thoracic to the sacral vertebrae were
cut to expose the spinal cord. The L4-L5 DRGs were then
removed.

Table 1. Primer sequence of RT-qPCR

Gene Primer sequence (5'-3')
MiR-382-5p F: TCATTCACGGACAACACTTTT
R: GTGTCGTCGAGTCGGCAATTC
F: ATATCGTGCCGAACACCCGAA
R: ACGCTTCATATCCTCCTTGG
ue F: GCTTCGGCAGCACATATACTAA
R: AACGCTTCACGAATTTGCGT
F: GTCGGTGTGAACGGATTT
R: ACTCCACGACGTACTCAGC

DusP1

GAPDH

RT-gqPCR: real-time quantitative reverse transcription polymerase chain
reaction, DUSP1: dual specificity phosphatase-1, U6: U6 small nuclear
RNA, GAPDH: glyceraldehyde 3-phosphate dehydrogenase.

7. RT-gPCR

RT-qPCR kits were purchased from TIANGEN. First, the
total RNA was extracted from the DRGs using TRNzol
Universal Reagent. Next, the RT-PCR was performed
utilizing the FastKing gDNA dispelling RT SuperMix Kit
and the miRcute miRNA First-Strand cDNA Synthesis Kit.
Lastly, the SuperReal PreMix Plus (SYBR) Kit instructions
were followed to configure the qPCR reaction system and
perform amplification reactions. The primer sequences
are displayed in Table 1. U6 and glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) served as internal refer-
ences for miR-382-5p and DUSP1 normalization, respec-
tively.

8. ELISA

Briefly, the DRGs were thawed at room temperature, and
then RIPA lysis solution (Beyotime) was added to the
DRGs. After sufficient lysis, they were centrifuged (10,000
g, 5 minutes) and the supernatant was collected. Subse-
quently, the levels of interleukin (IL)-6, IL-1p and tumor
necrosis factor-o. (TNF-a) were measured according to
the instructions of the ELISA assay kit (Invitrogen).

9. Western blot

Total Protein Extraction: Frozen DRGs were thawed at
room temperature. RIPA lysis solution was added and
allowed to sufficiently lyse the tissues. The homogenate
was then transferred to a low-temperature centrifuge
for centrifugation (10,000 g, 5 minutes). The superna-
tant was collected at the end of centrifugation. Protein
Denaturation: Protein samples were mixed with 5 x SDS
buffer (Beyotime) and heated in boiling water for about
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10 minutes. After denaturation, the samples were stored
in a -20°C refrigerator. Western Blot: Total proteins were
separated by 10% SDS-PAGE gel electrophoresis and
transferred onto a PVDF membrane (Millipore). The
PVDF membrane was incubated with the diluted anti-
DUSPI1 antibody (ab236501, 1/2,000 dilution, Abcam)
and anti-GAPDH antibody (ab8245, 1/1,000 dilution, Ab-
cam) overnight at 4°C. The PVDF membrane was washed
with TBST solution 3 times and incubated with the sec-
ond antibody (ab205719, 1/2,000 dilution, Abcam) for 2
hours. The target proteins on the PVDF membrane were
detected by the chemiluminescence detection system
(Amersham). The grayscale values of the target bands
were analyzed using Image-pro Plus 6.0 software.

10. Dual-luciferase reporter (DLR) assay

ENCORI (https://rnasysu.com/encori/index.php) was
used to predict the target genes of miR-382-5p. The
authors found that DUSP1 has a potential binding site
with miR-382-5p. The pmirGLO dual luciferase reporter
plasmid containing DUSP1 wild type (DUSP1-WT) and
DUSP1 mutant (DUSP1-MUT) was synthesized. HEK-
293T cells (Pricella) were inoculated in 24-well plates,
and DEME medium was added. When the cell density
reached 50%, the DUSP1-WT and DUSP1-MUT recombi-
nant plasmids, miR-382-5p mimic, miR-382-5p inhibitor,
mimic NC and inhibitor NC were transfected into HEK-
293T cells using Lipofectamine 2000 (Invitrogen). Lucif-
erase activity was then assayed using a dual luciferase
assay kit (Beyotime) after 48 hours.

11. RNA immunoprecipitation (RIP) assay

First, the DRGs were lysed using RIP lysis buffer. After-
wards, the lysate was co-incubated with magnetic beads
containing anti-Ago antibody (ab186733, 1/1,000, Ab-
cam) and anti-IgG antibody (ab172730, 1/1,000, Abcam).
Next, proteinase K was added to digest proteins and
retrieve the immunoprecipitated RNA. Lastly, levels of
miR-382-5p and DUSP1 were analyzed in the precipitates
using an RT-qPCR assay.

12. Statistical analysis

The data was analyzed using GraphPad Prism 9.0 soft-
ware. All data are expressed as mean + standard devia-
tion. Statistical analysis was performed using Student's ¢-
test and one-way analysis of variance (ANOVA) followed
by Tukey's post-hoc test for multiple-comparison analy-
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sis. Repeated measures ANOVA was performed on the
data at different time points between the groups. P < 0.05
was considered statistically significant.

RESULTS

1. miR-382-5p levels were upregulated in NP rats

To understand the role and molecular mechanism of
miR-382-5p in NP, a rat model of NP was constructed us-
ing CCI surgery. From day 3 after surgery, there were sig-
nificant differences in mechanical nociceptive sensitivity
and thermal nociceptive sensitivity between the sham
and CCI groups. On day 3 after surgery, PWT and PWL
in CCI rats were significantly lower than in sham rats (P
=0.003 and P < 0.001, respectively, Fig. 2A, B). This sug-
gests that NP rats are more sensitive to pain. Additionally,
the levels of neuroinflammatory factors in the DRGs were
analyzed using ELISA assay. On the 21st day after sur-
gery, pro-inflammatory factors (IL-6, IL-1B, TNF-a,) were
higher in the CCI group compared to the sham group (P
< 0.001, Fig. 2C-E). Using an RT-qPCR assay, the level
of miR-382-5p was measured in the DRGs. As illustrated
in Fig. 2F, miR-382-5p levels in the DRGs of CCI rats
were significantly elevated on day 7 after CCI surgery (P
=0.002); on days 14 and 21 after CCI surgery, miR-382-
5p levels remained elevated, and both were significantly
higher than in the sham group (P < 0.001).

2. Down-regulation of miR-382-5p alleviated pain
behavior of NP rats

To explore the effects of miR-382-5p on pain behavior
in NP rats, lentivirus-mediated miR-382-5p interference
vector were injected into CCI rats 3 days before CCI sur-
gery. Intrathecal injection of LV-anti-NC did not signifi-
cantly alter miR-382-5p levels. However, after intrathecal
injection of LV-anti-miR-382-5p, miR-382-5p levels were
reduced (P < 0.001, Fig. 3A). Compared to the sham rats,
PWT and PWL of CCI rats decreased significantly on
day 3 after CCI surgery (P = 0.002 and P < 0.001, respec-
tively, Fig. 3B, C). However, on day 3 after CCI surgery,
PWT and PWL in the CCI + LV-anti-miR-382-5p group
increased compared to the CCI + LV-anti-NC group (P =
0.004 and P = 0.012, respectively); On day 7, 14, and 21 af-
ter CCI surgery, PWT and PWL in the CCI + LV-anti-miR-
382-5p group were also significantly increased (P < 0.001,
Fig. 3B, C). The down-regulation of miR-382-5p could
mitigate the pain behavior in NP rats.
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Fig. 2. Elevated miR-382-5p levels in DRGs of NP rats. (A, B) Mechanical nociceptive sensitivity and thermal nociceptive sensitivity
were measured in CCl rats on days O, 3, 7, 14 and 21 of the CCl surgery. (C-E) On day 21 of CCl surgery, the levels of proinflamma-
tory factors (IL-6, IL-13, TNF-a) in DRGs were measured by ELISA assay. (F) The level of miR-382-5p in DRGs was measured by RT-qP-
CRon days 0, 3, 7, 14 and 21 of the CCI surgery. Values are presented as mean + standard deviation. DRGs: dorsal root ganglions,
NP: neuropathic pain, CCI: chronic constriction injury, IL-6: interleukin-6, IL-13: interleukin-1(, TNF-o: tumor necrosis factor-a, PWT:
paw withdrawal threshold, PWL: paw withdrawal latency. **P < 0.01; ***P < 0.001 vs. Sham. n = 4.

3. Down-regulation of miR-382-5p alleviated
over-activated neuroinflammation in NP rats

We explored the effect of miR-382-5p on neuroinflamma-
tion in NP rats through the intrathecal injection of a len-
tivirus-mediated miR-382-5p interference vector. As de-
picted in Fig. 4, compared to the CCI + LV-NC group, the
levels of pro-inflammatory factors (IL-6, IL-1B, TNF-a)
were lower in the CCI + LV-anti-miR-382-5p group (P <
0.001). Down-regulation of miR-382-5p could alleviate
the over-activated neuroinflammation in NP rats.

4, DUSP1 is a target gene of miR-382-5p

We found that DUSP1 has a binding site with miR-382-5p
(Fig. 5A). DLR and RIA assays further confirmed the tar-
geting relationship between them. The DLR assay showed
that miR-382-5p mimic and inhibitor could decrease and
increase the luciferase activity of DUSP1-WT, respectively
(P < 0.001, Fig. 5B). The RIP assay showed that both miR-
382-5p and DUSPI1 could be enriched in magnetic beads
containing Anti-Ago2 (P < 0.001, Fig. 5C). The DUSP1
mRNA level in the DRGs of CCI rats decreased (P < 0.001,

Fig. 5D). The protein level of DUSP1 decreased on days
7,14 and 21 after surgery compared to day 0 (P = 0.033, P
< 0.001 and P < 0.001, respectively, Fig. 5E, F). Moreover,
compared with CCI + LV-anti-NC rats, the level of DUSP1
in CCI + LV-anti-miR-382-5p rats increased (P < 0.001,
Fig. 5G).

5. miR-382-5p alleviated NP by targeting DUSP1

As depicted in Fig. 6A, LV-anti-miR-382-5p elevates the
level of DUSP1 in CCI rats (P < 0.001). However, this ef-
fect is reversed by sh-DUSP1(P = 0.001). Similarly, sh-
DUSPI1 also reversed the increase of PWT and PWL and
the decrease in pro-inflammatory factors (IL-6, IL-1B,
TNF-a) induced by LV-anti-miR-382-5p. As shown in Fig.
6B, C, both PWT and PWL increased after the intrathecal
injection of LV-anti-miR-382-5p (P < 0.001). Conversely,
PWT and PWL decreased after the injection of LV-anti-
miR-382-5p and sh-DUSP1 (P < 0.001 and P = 0.006, re-
spectively). As depicted in Fig. 6D-F, LV-anti-miR-382-5p
decreased IL-6, IL-1p, and TNF-q levels in DRGs in rats
(P < 0.001), while sh-DUSP1 reversed this phenomenon
(P <0.001, P = 0.007 and P < 0.001, respectively). These
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Fig. 3. Intrathecal injection of lentiviral interference vector targeting miR-382-5p (LV-anti-miR-382-5p) alleviated pain behavior in
CCl rats. (A) The mRNA level of miR-382-5p in DRGs was detected by RT-gPCR on the day 21 of CCI surgery. (B, C) Mechanical no-
ciceptive sensitivity and thermal nociceptive sensitivity were measured in CCl rats on days O, 3, 7, 14 and 21 of the CCIl surgery.
Values are presented as mean + standard deviation. CCl: chronic constriction injury, DRGs: dorsal root ganglions, RT-qPCR: real-time
quantitative reverse transcription polymerase chain reaction, PWT: paw withdrawal threshold, PWL: paw withdrawal latency. **P <
0.01; ***P < 0.001 vs. Sham. *P < 0.05; **P < 0.01; ""P < 0.001 vs. CCI + LV-anti-NC. n = 13.
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Fig. 4. Intrathecal injection of lentiviral interference vector targeting miR-382-5p (LV-anti-miR-382-5p) inhibited the over-activation
of proinflammatory factors in DRGs of CCI rats. (A-C) On day 21 of CCl surgery, the levels of proinflammatory factors (IL-6, IL-1,
TNF-a) in DRGs were measured by ELISA assay. Values are presented as mean + standard deviation. DRGs: dorsal root ganglions,
CCI: chronic constriction injury, IL-6: interleukin-6, IL-13: interleukin-1B, TNF-a: tumor necrosis factor-a, ELISA: enzyme-linked immu-
nosorbent assay. ***P < 0.001 vs. Sham.**P < 0.001 vs. CCl + LV-anti-NC. n = 13.

results suggest that miR-382-5p regulates pain behavior fective treatment [15]. NP cannot be simulated in the
and neuroinflammation in NP rats by targeting DUSP1. human body, so choosing an ideal NP model for the basic
research is crucial. The CCI model is a commonly used
animal model of NP. The CCI model simulates nerve fiber

DISCUSSION injuries located primarily on the surface of peripheral

nerves. This model produces a partially denervated sci-
NP is a common clinical disease with a complex patho- atic nerve by ligating the sciatic nerve and thus retains
genesis, diverse etiology and symptoms, and lack of ef- some behavioral responses to peripheral stimuli, such
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Fig. 5. DUSP1 is a target gene of miR-382-5p. (A) There are complementary binding sites between miR-382-5p and DUSP1. (B) DLR
assay confirms the targeting relationship between miR-382-5p and DUSP1. (C) RIP assay shows that both miR-382-5p and DUSP1
could be enriched in immunoprecipitation complexes. (D-F) The mRNA and protein levels of DUSP1 in DRGs were measured by RT-
gPCR and ELISA on days O, 3, 7, 14 and 21 of the CCl surgery. (G) On day 21 of CCI surgery, RT-qPCR was used to detect the effect
of lentivirus interfering vector (LV-anti-miR-382-5p) on DUSP1 mRNA levels in DRGs. Values are presented as mean + standard de-
viation. DUSP1: dual specificity phosphatase-1, GAPDH: glyceraldehyde 3-phosphate dehydrogenase, DLR: dual-luciferase reporter,
RIP: RNA immunoprecipitation, DRGs: dorsal root ganglions, RT-qPCR: real-time quantitative reverse transcription polymerase chain
reaction, ELISA: enzyme-linked immunosorbent assay, CCI: chronic constriction injury, WT: wild type, MUT: mutant. *P < 0.05; **P <
0.01; ***P < 0.001 vs. Sham group. *#P < 0.001 vs. CCI + LV-anti-NC. n = 13.

as mechanical nociceptive sensitization and thermal
nociceptive sensitization [16-18]. Therefore, the pain
behavior of NP rats may be assessed by measuring their
mechanical nociceptive sensitivities and thermal noci-
ceptive sensitivities. The authors constructed an NP rat
model and measured the PWT and PWL of NP rats at dif-
ferent time points. From day 3, PWT and PWL were sig-
nificantly reduced in CCI rats. The results indicated that
CCI rats showed NP behaviors of mechanical nociceptive
sensitivity and thermal nociceptive sensitivity. The NP
model was successfully prepared. Considering the ef-

fect of the surgical procedure itself on inflammation, the
sham group of rats was established and were used as a
control group. The sham group underwent the same sur-
gical procedure as the CCI group, with the only difference
being that the Sham group only exposed the sciatic nerve
without ligation. The experimental results showed that
sham rats did not exhibit NP behaviors such as reduced
mechanical nociceptive sensitivity and thermal nocicep-
tive sensitivity, which justified the use of sham rats as an
appropriate control for the CCI model.

MiRNAs inhibit post-transcriptional gene expression
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Fig. 6. Down-regulation of DUSP1 inhibited the alleviating effect of down-regulation of miR-382-5p on neuropathic pain. (A) The

mRNA level of DUSP1 in DRGs was detected by RT-gPCR on the day 21 of CCl surgery. (B, C) Mechanical nociceptive sensitivity and
thermal nociceptive sensitivity were measured in CCl rats on days O, 3, 7, 14 and 21 of the CCl surgery. (D-F) On day 21 of CCI
surgery, the levels of proinflammatory factors (IL-6, IL-1B3, TNF-a) in DRGs were measured by ELISA assay. Values are presented as
mean * standard deviation. DUSP1: dual specificity phosphatase-1, DRGs: dorsal root ganglions, RT-qPCR: real-time quantitative re-
verse transcription polymerase chain reaction, CCl: chronic constriction injury, IL-6: interleukin-6, IL-1p: interleukin-1(, TNF-a: tumor
necrosis factor-a, ELISA: enzyme-linked immunosorbent assay, PWT: paw withdrawal threshold, PWL: paw withdrawal latency. #p <

0.001 vs. CCl + LV-anti-NC. **P < 0.01; ***P < 0.001 vs. CCI + LV-anti-miR-382-5p + sh-NC. n = 13.

by binding to target mRNA [19] and play a crucial role in
regulating cell growth, differentiation, development and
apoptosis [20]. Several recent studies suggest that abnor-
mal miRNA expression in NP and propose miRNAs as
promising targets for NP therapy [21]. For example, miR-
101 was found to be reduced in NP patients and inversely
correlated with neuroinflammatory factor levels [22].
Additionally, in NP rats, exosomes carrying miR-181c-
5p were observed to alleviate NP [23]. Another miRNA,
miR-382-5p, was upregulated in NP patients and associ-
ated with neuroinflammation and neuronal apoptosis
following spinal cord injury [9]. Therefore, in order to
investigate miR-382-5p's role in NP, the authors created a
rat model of NP via CCI surgery and injected a lentivirus-
mediated miR-382-5p interference vector into the CCI
rats. The results revealed that miR-382-5p is up-regulated
in the DRGs of CCI rats, and down-regulated miR-382-5p
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can alleviate the rats' pain behavior and reduce the level
of inflammatory factors in the DRGs. Neuroinflamma-
tory responses play a significant role in the development
of NP. After nerve injury, macrophages and microglia
recruited to the injured site release pro-inflammatory
cytokines that can induce chronic ectopic electrical ac-
tivity of the injured neurons and exacerbate pain [24].
These proinflammatory cytokines are associated with
central NP and peripheral NP [25,26]. Therefore, effec-
tively inhibiting neuroinflammatory responses could be
a crucial therapeutic strategy to mitigate the progression
of NP. Thus, these findings suggest that miR-382-5p is as-
sociated with neuroinflammation in NP. By suppressing
neuroinflammation, down-regulating miR-382-5p could
potentially alleviate NP in NP rats.

We used bioinformatics analysis tools to predict the
target genes of miR-382-5p to better understand its mo-
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lecular mechanism in NP. It was found that DUSP1 has
a potential binding site with miR-382-5p. Prior studies
have highlighted DUSP1’s vital role in neuroprotection.
DUSP1 reduces neuroinflammation and neuronal dam-
age caused by brachial plexus injury [13]. It also plays a
neuroprotective role in the striatum of rats with Hunting-
ton's disease [27]. Bioinformatics analysis revealed that
several differentially expressed genes, including DUSP1,
are related biomarkers of NP caused by peripheral nerve
injury [28]. More importantly, Wang et al. [12] found
that DUSP1 encouraged the polarization response of
microglia and lessened CCI-induced NP. In the present
study, it was discovered that miR-382-5p could regulate
DUSP1 expression, and overexpression of miR-382-5p
significantly decreased DUSP1 levels. Studies have shown
that DUSP1 can inactivate proteins of the MAPK family
through dephosphorylation [29]. MAPK is an important
signaling system mediating cell response, and phos-
phorylation of MAPK can activate the expression of target
molecules related to inflammation and apoptosis [30].
Therefore, the authors believe that DUSP1 may play an
anti-neuroinflammation and anti-apoptosis role in NP
through dephosphorylation of MAPK. However, miR-382-
5p directly targets DUSP1's mRNA, causing its degrada-
tion or translation inhibition. High levels of miR-382-5p
lead to decreased expression of DUSP1, while low levels
of DUSP1 may lead to sustained activation of MAPKs,
which promote the production of inflammatory factors
and exacerbate neuroinflammation.

Unfortunately, this study did not further verify the
regulatory relationship between the miR-382-5p/DUSP1
axis and MAPK in NP, which is a major limitation of this
study. Additionally, whether the miR-382-5p/DUSP1 axis
mediates other biological processes in NP, such as oxida-
tive stress and neuronal apoptosis, also requires further
study. In future research, the authors will further explore
the mechanism of action of the miR-382-5p/DUSP1 axis
in NP and its relationship with MAPK.

In conclusion, the authors have reported for the first
time that down-regulated miR-382-5p may reduce hyper-
activation of neuroinflammation and alleviate NP in NP
rats by targeting DUSP1. Thus, inhibiting the miR-382-
5p/DUSP1 axis may be an important therapeutic strategy
to alleviate NP. The authors’ study suggests a new target
for NP treatment.
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