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Background: Neuropathic pain (NP) is a chronic disease; Patients with NP most commonly seek treatment for primary or sec-
ondary injury of the peripheral or central nervous system. The complex pathophysiology of NP is not yet fully elucidated, which
contributes to underassessment and undertreatment.

Methods: To analyse and study molecular relationships in the spinal cord in peripheral nerve induced neuropathic pain, we used
SNI-induced neuropathic pain and Ribonucleic Acid (RNA) sequencing to analyse differ entially expressed genes (DEGs). We
established an SNI (shared nerve injury) model and used third-generation transcriptome sequencing technology to analyse mes-
senger Ribonucleic Acid (mRNA) expression in mouse SDH (spinal dorsal horn) tissue and obtained 325 differentially expressed
genes. The differentially expressed genes were further analysed by bioinformatics analysis. A protein-protein interaction (PPI)
network was constructed based on the STRING database, and Cytoscape software was used for visualization. We used the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway for DEGs to perform a Gene Ontology (GO) analysis. Real-time PCR
(Polymerase Chain Reaction) was performed to verify the results.

Results: Atf3, Sprrla, Anxal0, Ccl7, Ccl2, Lck, and Timp1 as well as the NF-xB TNF (Tumor Necrosis Factor) and MAPK
(mitogen-activated protein kinase) signalling pathways, were implicated in SNI-induced neuropathicpain.

Conclusions: These findings further deepen the understanding of NP mechanisms and therapeutic targets.
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Introduction changes that occur during inflammation or neuropathic pain
[6]. Third-generation Nanopore RNA sequencing technol-

Neuropathic pain (NP) is the most challenging neuro- ogy can directly read the full-length sequences of high-
pathic pain in the world. It is mainly caused by damage to quality individual RNA molecules from the 5" end to the
the peripheral or central nervous system or disease, which 3  €nd polyA tail without interruption, accurately identify
has a serious impact on the normal life of patients [1-3]. ~ Variable splicing (AS), selective polyadenylation (APA),
However, NP remains an elusive problem, and effective fusion genes, and IncRNAs (long noncoding RNA) and
therapeutic approaches are still lacking because the specific their target genes that cannot be accurately identified by
mechanism of NP remains unclear. Therefore, it is urgent ~ Second-generation sequencing, and can also quantitatively
to further explore and confirm the underlying mechanism of ~ analyse genes and transcripts simultaneously [7,8]. There
NP and then develop related genes and signalling pathways have been many second-generation sequencing studies in

to provide a theoretical basis for clinical treatment and find neuropathic pain models, but there are still relatively few
new paths. nanopore transcriptome sequencing studies on the mouse

spinal cord. Because of the advantages of third-generation
sequencing [9], we used nanopore technology to detect
messenger Ribonucleic Acid (mRNA)in the spinal cord of
SNI mice, performed bioinformatic analysis on the differ-
entially expressed genes and performed partial validation to
provide some insight for exploring the mechanism of neu-
ropathic pain.

The shared nerve injury (SNI) model can simulate
the specific symptoms and treatment causes of neuropathic
pain and is commonly used in neuropathic pain research.
In recent years, driven by the development of Ribonu-
cleic Acid sequencing (RNA-Seq) and bioinformatics tech-
nology, complete transcriptome analysis of gene changes
has become possible [4,5]. RNA-Seq technology is cur-
rently used to characterize the transcriptome of the spinal
cord under physiological conditions and to analyse genetic
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Methods

Animals

Male C57BL/6J mice weighing 20-25 g and aged 6—8
w were obtained from the Guangdong Provincial Medical
Laboratory Animal Center. A total of 24 mice were allo-
cated to the experiment, with 12 mice in each of the SNI
and sham groups. Mice were placed in a standard labora-
tory at a temperature of 21 &= 1 °C for 12 hours each year. A
12-hour alternating cycle of day and night was maintained
and food and water were not limited.

Establishment of the SNI Model

The neuropathic pain model induced by spared nerve
injury (SNI) was constructed according to the procedure de-
scribed by Decosterd [10]. Briefly, the mice were anaes-
thetized with isoflurane during the surgery. The left thigh
was shaved, and the skin was disinfected with 75% alcohol
and wiped dry. An incision was made in the outer epider-
mis of the mid-thigh. The biceps femoris was cut directly
with scissors to ensure that the three terminal branches of
the left tibial nerve, sciatic nerve, sural nerve, and common
peroneal nerve could be fully exposed. The common per-
oneal and tibial nerves were secured with a small glass rod,
ligated with 6-0 silk and transected at their ends, ensuring
that 2—4 mm of each nerve was removed. Care was taken
during the entire operation not to touch or stretch the intact
sural nerve. Finally, each layer was suturedindividually us-
ing 5-0 silk.

Nociceptive Behaviour Test

All behavioural testing was conducted in a blinded
manner. All mice were placed in the testing room for halfan
hour for three days prior to testing to acclimate to the test-
ing environment. According to a previous article, von Frey
hairs were used to analyse the sensitivity of the machine
[11]. Briefly, using a brown plastic cylinder the mice were
placed on a wire mesh table and habituated for 10 minutes.
Von Frey filaments were applied to the outside of the rat’s
paw while the it was in a calm state, gradually increasing
the von Frey hair from 0.04 g. The hair was shaped to an
S shape, and the last 3 seconds of sudden paw withdrawal,
withdrawal or paw licking behaviour was considered a pos-
itive reaction. If there were more than 3 positive reactions
in 5 tests, this value was recorded, and an average of five
round readings was calculated as the paw withdrawal me-
chanical threshold (PWMT).

Immunofluorescence Staining

Mice were anaesthetized first, placed under deep
anaesthesia with sevoflurane, and then sequentially per-
fused with saline and 4% PFA (Paraformaldehyde) in their
hearts. The samples were dehydrated in a gradient of su-
crose solution (10%, 20%, 30%), and the lumbar spinal
cord was divided into 20 um thick slices using a cryo-
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stat (Leica). Multiplex immunofluorescence (IF) staining
was performed under the guidance of standard protocols.
Briefly, sections were placed in 0.3% Triton-100 buffer
and kept blocked for one hour at room temperature and
then incubated with primary antibody overnight at 4 °C
(1:500, rabbit; Wako, Osaka, Japan). The sections were
rinsed three times with PBS (Phosphate Buffered Saline)
for 10 minutes each, and then incubated in horseradish
peroxidase-conjugated secondary antibody (goat anti-rabbit
IgG, Jackson ImmunoResearch, 1:1000, US) for 1 hour;
Postwash section staining was performed uisng Alexa Fluor
594 Tyramide (Thermo Fisher, Waltham, MA, US). Finally,
the stained sections were placed on glass slides and sealed
with an anti-fluorescence quencher. The image source was
a darkroom with a Leica scanning microscope (Olympus,
Tokyo, Japan). Statistical analysis was performed using
Image-Pro Plus 6.0 and GraphPad Prism 8, followed by in-
clusion analysis, and the mean optical density (AOD) was
selected.

Total RNA Extraction

The mice were sacrificed under deep anaesthesia, and
L4-6 spinal cords were collected, which were then placed
in liquid nitrogen and frozen. Next, total RNA was ex-
tracted using the RNA prepPureTissue Kit (TianGen, Bei-
jing, China). All apparatuses and reagents used in the ex-
periment were Ribonuclease (RNase)-free.

RNA Sequencing

Total RNA (1 ug) was converted into a cDNA (com-
plementary DNA) library according to the protocol given
by Oxford Nanopore Technologies (ONT). Briefly, reverse
transcription of full-length mRNA was performed using
the SuperScript IV First Strand Synthesis System (Invitro-
gen, Waltham, MA, US), followed by 14 rounds of cDNA
PCR (Polymerase Chain Reaction) using the LongAmp tag
(NEB). The next step was to repair the FFPE DNA and end
(NEB) of the PCR product, and the adapters were ligated
with T4 DNA ligase (NEB). DNA purification was per-
formed using Agencourt XP beads according to the ONT
protocol. After the final cDNA library was pooled into the
FLO-MIN109 flow cell, it was run on the PromethION plat-
form at Biomarker Technology Company (Beijing, China).

Quantification of Gene/Transcript Expression Levels
and Differential Expression Analysis

Full-length reads were mapped to reference transcrip-
tome sequences. Reads with quality less than 5 were
screened for quantification. Expression was estimated in
terms of 10,000 mapped reads per gene or transcript. Anal-
ysis of differential expression between two groups was per-
formed using the edgeRR package (3.8.6). The statistical
routines provided by edgeR were combined with models
based on the negative binomial distribution to identify dif-
ferential expression in digital gene expression data. Ben-
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jamini and Hochberg’s role was to reduce the chance of er-
ror, and p values were obtained after further adjustment.
Genes with an edgeR-derived p value < 0.05 and a fold
change >1.5 were considered differentially expressed.

A
SHAM
1.5 SNI
—~ 1.0
2
s
*kk
£
0.5+
Fkk Kkk
0.0 T T T T T
0 1 3 5 7
Time(day)
B
SHAM SNI

200um

B3 SHAM
3 =1 SNI

Fig. 1. Establishment of the neuropathic pain model. (A)
Mechanical hyperalgesia was assessed using von Frey filaments.
Compared with the sham-operated group, the paw withdrawal
threshold showed a significant decreasing trend (red curve) on
Days 3—7 after surviving nerve injury. Results were analysed by
one-way analysis of variance (ANOVA) with multiple compar-
isons. *p < 0.05, **p < 0.01, and ***p < 0.001. (B) The marker
of microglia, IBA1 (red), was significantly increased in the dorsal
horn of the spinal cord in SNI mice. The average optical densi-
ties (AODs) in the images were quantified by ImagelJ. The data
are shown as the mean & SEM (n = 3). The results were anal-
ysed by Student’s ¢ test. Spinal microglia are activated after SNI.

Neuroinflammation plays an important role in neuropathic pain.

Functional Envichment Analysis
GO Enrichment Analysis

Gene Ontology (GO) enrichment of differentially ex-
pressed genes (DEGs) was analysed using the Wallenius
decentralized hypergeometric distribution of the GOseq
(Gene Ontology analyser for RNA-seq) R package as a tool,
with the ability to adjust gene length bias DEGs [12].
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Table 1. Full-length sequence data statistics.

SamplelD Number of Number of Full-Length
clean reads full-length reads Percentage
Controll 1,982,006 1,539,520 77.67%
Control2 1,848,368 1,429,326 77.33%
Control3 1,858,472 1,409,939 75.87%
Treatl 2,375,474 1,854,648 78.07%
Treat2 2,004,128 1,576,365 78.66%
Treat3 2,054,724 1,579,300 76.86%

Table 2. Clean reads and reference transcriptome
comparison results.

Sample Total Reads  Mapped reads ~ Mapped rates %
Controll 1,982,006 1,952,898 98.53%
Control2 1,848,368 1,819,707 98.45%
Control3 1,858,472 1,831,525 98.55%
Treatl 2,375,474 2,343,244 98.64%
Treat2 2,004,128 1,970,620 98.33%
Treat3 2,054,724 2,023,332 98.47%

KEGG Pathway Enrichment Analysis

As a database resource, Kyoto Encyclopedia of Genes
and Genomes (KEGG) is based on molecular-level in-
formation, especially large-scale molecular datasets ob-
tained by high-throughput experimental techniques such as
genome sequencing, to further explore the advanced func-
tions of cells, organisms and ecosystems (http://www.geno
me.jp/kegg/) [12]. In this study, the statistical enrichment
test of differentially expressed genes in the KEGG pathway
was completed with the help of KOBAS software (v2.0).

Protein-Protein-Interactions (PPIs)

The sequences of DEGs were blasted (blastx) into the
genomes of related species (whose proteins interact and ex-
ist in the STRING database: http://string-db.org/), from
which the predicted PPIs of these DEGs were obtained. Cy-
toscape was used to visualize PPIs of these DEGs [13].

GSEA

The identified genomes were analysed for prominent
differences between groups by GSEA (http://www.broadi
nstitute.org/gsea/index.jsp). Lymph node and nonlymph
node metastasis groups were analysed for mRNA expres-
sion levels, and a total of 24,991 were analysed. The nor-
malized p value (p < 0.05) was used to filter out the function
for further study [14].

Results

Nerve Injury Induced Neuropathic Pain in Mice

There was no difference in the paw withdrawal me-
chanical threshold (PWMT) between the control and SNI
groups after three consecutive days of adaptation under
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Table 3. The top ten genes with the largest differences.

Symbol 1D Symbol 1D
Atf3 ENSMUSG00000026628 up  Uncx ENSMUSG00000029546  down
Sprrla ENSMUSG00000050359 up  Zfp873 ENSMUSG00000061371  down
Anxal0 ENSMUSG00000031635 up Rdh9 ENSMUSG00000056148  down
Cecl7 ENSMUSGO00000035373  up  Rpl36a-psl  ENSMUSG00000060377  down
Ccl2 ENSMUSGO00000035385 up  Mfap4 ENSMUSG00000042436  down
Lck ENSMUSG00000000409 up  Gek ENSMUSG00000041798  down
Leelg ENSMUSG00000027919  up  Egf ENSMUSG00000028017  down
Oaf ENSMUSG00000032014 up  Famg84b ENSMUSG00000072568  down
Timpl ENSMUSGO00000001131  up  Acss3 ENSMUSG00000035948  down
Capn9 ENSMUSGO00000031981  up  Ghsr ENSMUSG00000051136  down
the same conditions. We next constructed a mouse model — . . . . . L
of surviving nerve injury (SNI) to present symptoms of 1.000
. . . . treatd 4 0.968 0.976 0978 0.989 0.974 1 r
chronic pain. The PWMT showed a significant decrease
from the 3rd day after surgery compared with the control 0995 7
group and displayed allodynia, as the SNI mice showed a treat2 - IR 0965 EEEEERNOIS74 SN 0074 Y -
positive reaction to the minimum 0.04 g filament at the 7th .
day (Fig. 1A). The control group showed no significant dif- voss , el 0968 0971 0985 1 0974 0988 -
ference at any time point. Spinal cord neuroinflammation 5
is usually regarded as a prominent manifestation of neuro- ool | B
) . ) ) ) controla | 0.986  0.987 1 0.965 0968 0978 |
pathic pain, and once Ibal is activated in the dorsal horn
of the spinal cord, spinal cord neuroinflammation develops 075 -
(Fig. 1B). The above findings demonstrate that using a neu- controiz 1 [10:95" Ry 0.987 R 0985 JUISZ6H -
ropathic pain model can establish surgery in SNI mice. 0570 -
control1 | 1 099 0986 0.968 0967 0968 r
Transcripts Regulated the Spinal Cord of Mice after 1]
Peripheral Nerve Injury - s = o o
We observed mice after SNI and then obtained tran- 8 8 i | ) ) )
ample

scriptome data from their spinal cords on Day 7 or in
the control group using the RNA-seq method. The clean
data output of each sample was 2.93 GB (Gigabyte), and
each length of the sample had a sequence number ranging
from 1848368 to 2375474 by identifying the total length of
primer sequences at the ends of the reads (full length). The
full-length percentage of each sample ranged from 75.87
to 78.66 (Table 1). Full-length sequenced transcriptomes
and known transcriptomes were used to expand sequence
alignments and provide references for further analysis. The
sequence alignment of clean reads and the reference tran-
scriptome was carried out with minimap2, and the corre-
sponding information about the transcriptome and reference
group was obtained, with a mapping rate percentage rate
from 98.33 to 98.64 (Table 2). We tested the reliability of
the gene expression level correlation experiments between
samples and whether the selected samples meet key crite-
ria. We computed between-sample correlation values based
on the normalized expression results and drew correlation
heatmaps (Fig. 2).

The purpose of DEG screening is to identify DEGs be-
tween samples and then carry out corresponding functional
analysis. Fig. 3 details a representative distribution of up-
or downregulated genes. According to the data, 7 days after

Fig. 2. Sample intersample correlation. The Pearson correlation
coefficient r was used as an indicator to assess the biological repli-
cate correlation. An r closer to 1 indicates that the two replicate

samples are more correlated.
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Fig. 3. Differential expression of volcanic maps. Volcano plots
show how gene expression levels differ between two groups of
samples, and whether the difference is statistically significant.
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Fig. 4. The differences were expressed using the gene GO annotation classification chart. The GO annotation system mainly includes

three important branches of biological process, molecular function and cellular components and is a directed acyclic graph.

SNI surgery, there were 185 upregulated genes in the mouse
spinal cord, while the number of downregulated genes was
140. Up- and downregulated genes are represented by red
and green dots, respectively. The top ten genes with the
largest differences are listed in Table 3.

Pathway Analysis of DEGs in the SNI Model

To further explore the specific functions of DEGs
in the mouse spinal cord after SNI surgery, Gene Ontol-
ogy (GO) was further enriched and classified. GO analy-
sis revealed an abundance of biological processes closely
related to stimulus responses, biological regulation, im-
mune system processes, and cell killing (Fig. 4). In ad-
dition, we analysed the differential genes in KEGG, and
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Statistics of Pathway Enrichment
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Fig. 5. Differences in gene expression in the gene KEGG channel enrichment point diagram. The figure shows the enrichment
analysis results of the differentially expressed genes KEGG pathway, and the top 20 pathways of the series with the smallest significant

Q value.

Fig. 5 shows the enrichment analysis results of differen-
tially expressed transcripts and the KEGG pathway. We
also screened the top 20 pathways with the smallest signif-
icant Q. These pathways include the TNF signalling path-
way, MAPK signalling pathway, cytokine-cytokine recep-
tor interaction, and Hippo signalling pathway, which are
often identified in studies of neuropathic pain [15-18].

GSEA

To elucidate the molecular mechanism of SNI-induced
neuropathic pain, KEGG and GSEA analyses were con-
ducted. KEGG pathways enriched in the SNI group in-
cluded herpes simplex virus 1 infection, glycan degra-
dation, fat digestion and absorption, fructose and man-
nose metabolism, other glycan degradation and galactose
metabolism (Fig. 5). In addition, the GSEA results are
shown in (Fig. 6B).
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Fig. 6. Protein-protein interaction (PPI) and gene set enrichment analysis (GSEA) results. (A) Differences in expressesion in the
gene-protein interaction network diagram. Using BLAST software (V2.1), the target transcripts were aligned with the protein sequences
in the database, homologous proteins were identified, and a reciprocal network was built based on their reciprocal relationships. The
constructed protein interaction network can be imported into Cytoscape software (Cytoscape 3.5.1) for visualization. (B) Gene set
enrichment analysis result map. In this paper, in the process of GSEA, the gene sets of the KEGG pathway and the BP, CC, and MF
branches of GO were used as the gene set of interest, and then the logo FC of each differential grouping was used as the score of the
background gene set to complete the gene set of interest. Enrichment analysis of the set was performed, and finally, the controllable p
value or FDR was the significantly enriched gene set. Here, we screened out the top 4 enriched GO nodes/pathways of the enrichment
map based on the GSEA results: Herpes simplex virus 1 infection, glycan degradation, fat digestion and absorption, fructose and mannose
metabolism, and other glycan degradation.
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Fig. 7. Validation of target genes. qPCR was introduced to vali-
date target genes in the dorsal horn of the spinal cord. The results
were analysed by 7 test. “p < 0.05, **p < 0.01,and ***p < 0.001.

Table 4. Primer information.

Target name Primer

F  GAGGATTTTGCTAACCTGACACC
Alf3 R TTGACGGTAACTGACTCCAGC
F TTGTGCCCCCAAAACCAAG
Sprrla R GGCTCTGGTGCCTTAGGTTG
F ATGTTTTGCGGGGAATATGTCC
Anxal0 R CAATCAGCATGTCTTTGTTGCAG
F  GCTGCTTTCAGCATCCAAGTG
Cel7 R CCAGGGACACCGACTACTG
e F  TTAAAAACCTGGATCGGAACCAA
R GCATTAGCTTCAGATTTACGGGT
F  TGGAGAACATTGACGTGTGTG
Lek R ATCCCTCATAGGTGACCAGTG
F  GCTACCCTTCATATTGCTCCTGA
Leelg R CAGGCTACAGCAGGAAGACA
F  AGCCAGGTGATCGAGGAGAG
Oaf R CCTTCTTGAAATCCGCGATGA
, F GCAACTCGGACCTGGTCATAA
Timpl R CGGCCCGTGATGAGAAACT
F ACCCGCACCAACTTTACCG
Unex R TGAACTCGGGACTCGACCA

Protein-Protein Interaction (PPI) Network Analysis

Through PPI analysis of 325 genes, we found that the
deduced main hub genes were Aifl, Tyrobp, Fcgr3, Ctss,
Ly86, Ms4a6d, Lyz2, Fcgrl, Cd14, and Fcgr2b (Fig. 6A).

qPCR Validation

gPCR was performed to validate the mRNA levels of
the ten DEGs. Atf3, Sprrla, Anxal0, Ccl7, Ccl2, Lck, Leel
g, Oaf, Timpl, and Uncx. Atf3, Sprrla, Anxal0, Ccl7,
Ccl2, Lck, and Timpl were found to be upregulated, sup-
porting the sequencing analysis (Fig. 7, Table 4). The dif-
ferences in Icel g, oaf, and uncx in our qPCR validation
were not statistically significant.
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Discussion

It has been well established that the mechanism of NP
generation and development, such as abnormal gene ex-
pression and activation of related pathways, is very com-
plex [19,20]. It was recently observed that gene expression
profiles also changed in the spinal cord after SNI. There-
fore, it is essential to explore the mechanisms of NP at the
genomic level. In this study, 325 DEGs were screened for
more in-depth bioinformatics analysis, and genetic targets
were identified for diagnosing and treating NP.

The top 10 most promising DEGs (including Atf3,
Sprrla, Anxal0, Ccl7, Ccl2, Lck, Leel g, Oaf, Timp1 and
Uncx) affecting NP progression was derived from a com-
prehensive interpretation of differential gene expression in
the spinal cord. Atf3 can be activated by a variety of sig-
nals and participates in multiple complex processes, includ-
ing cellular stress responses. The finding of increased atf-3
mRNA in the spinal cord after nerve injury indicates that
Atf3 is likely to be a candidate genetic marker affecting NP
progression [21,22]. The expression of proline-rich small
repeat protein 1 A (Sprrla) appears in the dorsal root ganglia
(DRG) and spinal cord after peripheral nerve injury and was
therefore used to assess the regenerative potential of dam-
aged neurons [23]. Anxal0 (Annexin A10)[24,25] belongs
to the annexin family, and its biological effects originate
from calcium-dependent phospholipid binding and binding
of calcium ions. Neuroinflammation by proinflammatory
cytokines and chemokines, including ccl2 and ccl7, has
been demonstrated to promote and maintain neuropathic
pain [26]. As a member of the Src family, it has been con-
firmed that Lck has an important influence on the occur-
rence and development of neuropathic pain [27]. It was also
demonstrated that Timp1 was associated with chronic pain
after spinal cord injury but not with chemotherapy-induced
peripheral neuropathy [28,29].

We then analysed these DEGs using various bioin-
formatics analysis methods and obtained a comprehensive
analysis to provide insight into these genes. According to
the KEGG enrichment analysis, DEGs were more enriched
in the NF-xB pathway, TNF pathway and MAPK pathway,
which may have significant effects on SNI-induced neuro-
pathic pain. Previous research findings also confirmed this.
Activation of the NF-xB pathway promotes the synthesis
and release of proinflammatory cytokines such as TNF-c,
IL-6, and IL-13, which may have a major impact on the
development of neuroinflammation, while activation of the
MAPK pathway may regulate neuronal plasticity. Activa-
tion of the NF-xB pathway leads to the synthesis and re-
lease of proinflammatory cytokines, such as TNF-«, IL-6,
and IL-1/, and activation of the MAPK pathway is likely
to have an important impact on neuroinflammation [30].
Moreover, neuroinflammation is often associated with neu-
ropathic pain. Therefore this pathology is relevant, as the
pathways screened in the KEGG enrichment are closely as-
sociated with neuroinflammation [31-33].
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DEG-enriched GO terms often included “response to
stimulus”, “biological regulation”, “immune system pro-
cess”, and “cell killing”. These results demonstrate the vital
role of the stress response and immune system, consistent
with previous studies [34,35]. Central sensitization is a no-
ciceptive input that triggers long-term pain, but it increases
the excitability of neurons in the central nociceptive path-
way and the reversibility of synaptic ability, showing obvi-
ous pain hypersensitivity, especially abnormal pain caused
by dynamic touch [36]. It can be used to express synaptic
plasticity in the spinal cord and brain, increasing neuronal
responses in central pain pathways after an initial painful
stimulus. More evidence shows that neuroinflammation in
the peripheral and central nervous systems similarly drives
central sensitization. Activation of immune cells in the
spinal cord and brain, such as microglia and astrocytes, is
a prominent feature of neuroinflammation, which in turn
releases proinflammatory cytokines and chemokines. Our
findings show that astrocytes and microglia are activated in
the spinal cord of mice with neuropathic pain, suggesting
that immune cells play an important role in the development
and progression of neuropathic pain.

Conclusions

In conclusion, the results of this experiment confirm
that DEGs, such as Atf3, Sprrla, Anxal0, Ccl7, Ccl2, Lck,
and Timpl, as well as the NF-xB, TNF and MAPK sig-
nalling pathways, are involved in neuropathic pain caused
by SNI. Our research provides solid evidence for the in-
volvement of neuroinflammation in neuropathic pain from a
bioinformatics perspective and provides a new direction for
better clinical prevention or treatment of neuropathic pain.
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