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Abstract  
Peripheral nerve injury may trigger changes in mRNA levels in the spinal cord. Finding key mRNAs is important for improving repair after 
nerve injury. This study aimed to investigate changes in mRNAs in the spinal cord following sciatic nerve injury by transcriptomic analysis. 
The left sciatic nerve denervation model was established in C57BL/6 mice. The left L4–6 spinal cord segment was obtained at 0, 1, 2, 4 and 
8 weeks after severing the sciatic nerve. mRNA expression profiles were generated by RNA sequencing. The sequencing results of spinal 
cord mRNA at 1, 2, 4, and 8 weeks after severing the sciatic nerve were compared with those at 0 weeks by bioinformatic analysis. We 
identified 1915 differentially expressed mRNAs in the spinal cord, of which 4, 1909, and 2 were differentially expressed at 1, 4, and 8 weeks 
after sciatic nerve injury, respectively. Sequencing results indicated that the number of differentially expressed mRNAs in the spinal cord 
was highest at 4 weeks after sciatic nerve injury. These mRNAs were associated with the cellular response to lipid, ATP metabolism, energy 
coupled proton transmembrane transport, nuclear transcription factor complex, vacuolar proton-transporting V-type ATPase complex, 
inner mitochondrial membrane protein complex, tau protein binding, NADH dehydrogenase activity and hydrogen ion transmembrane 
transporter activity. Of these mRNAs, Sgk1, Neurturin and Gpnmb took part in cell growth and development. Pathway analysis showed 
that these mRNAs were mainly involved in aldosterone-regulated sodium reabsorption, oxidative phosphorylation and collecting duct acid 
secretion. Functional assessment indicated that these mRNAs were associated with inflammation and cell morphology development. Our 
findings show that the number and type of spinal cord mRNAs involved in changes at different time points after peripheral nerve injury 
were different. The number of differentially expressed mRNAs in the spinal cord was highest at 4 weeks after sciatic nerve injury. These 
results provide reference data for finding new targets for the treatment of peripheral nerve injury, and for further gene therapy studies of 
peripheral nerve injury and repair. The study procedures were approved by the Ethics Committee of the Peking University People’s Hospital 
(approval No. 2017PHC004) on March 5, 2017.
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Introduction 
Peripheral nerve injury is a common disease which may 
result in lifelong disability and physical dysfunction (Biazar 
et al., 2010; Weng et al., 2018). In the past few decades, the 
emergence of stem cells, biological materials, and nerve 
growth factors has greatly improved the repair of nerve dam-
age, but this still does not meet clinical needs (Deumens et 
al., 2010; Sarker et al., 2018; Rao et al., 2019; Wu et al., 2019). 
The repair of peripheral nerve injury with satisfying out-
comes is a major challenge in clinical practice. Recently, gene 
therapy has become an effective way to treat some diseases 
(Leers, 2019; Zhou et al., 2019). Exploring changes in mRNA 
levels in the spinal cord after nerve injury may be important 
for the development of novel treatments for peripheral nerve 
injury. The pathogenesis of peripheral nerve injury is asso-
ciated with changes in RNAs, ion channels, receptors, and 
other intracellular proteins in neurons and supporting nerve 
cells (Akita et al., 2016; Uta et al., 2019). Nerve injury may 
trigger the transport of local signals from the peripheral in-
jury site back to the cell body along axons (Abe and Cavalli, 
2008; Pathak et al., 2016). The subsequent regeneration of 
peripheral nerves has been directly attributed to intra-axonal 
translation of mRNAs. Moreover, these localized, quiescent 
mRNAs convert to translation mode following nerve injury 
(Mietto et al., 2015). Furthermore, the axonal mRNAs are 
translated to corresponding proteins that provide retrograde 
signals to the cell body (Perry and Fainzilber, 2014). Howev-
er, it is still uncertain how this local translation is activated 
following peripheral nerve injury. The transcriptome is a 
crucial concept in the post-genomic era and has definite 
advantages for the study of peripheral nerve injury (Phay 
et al., 2015). Most cells share the same set of genes while 
their transcription is spatially and temporally specific. This 
is known as the dynamic evolution of mRNAs and it can be 
used for further investigations of the mechanisms under-
lying peripheral nerve injury to find novel means to treat 
nerve injury (Jiang et al., 2015). 

Next-generation RNA sequencing (RNA-seq) is ac-
knowledged as a highly sensitive method for the analysis of 
differentially expressed RNAs (Sirbu et al., 2012; Sun et al., 
2017). Different from gene microarray assays, RNA-seq is 
not limited to a subset of known genes. RNA-seq can also 
analyze the entire genome of organs and tissues to provide 
information about previously unannotated genes as well as 
their possible functions (Hurd and Nelson, 2009; Zou et al., 
2019). In addition, RNA-seq can detect smaller RNAs by 
not selecting for the poly-A tail (Guo et al., 2015). Although 
some studies have reported transcriptome changes in the 
stumps of lesioned sciatic nerve and dorsal root ganglia at 
several time points after injury (Yu et al., 2011), the tem-
poral alteration of specific mRNAs directly responsible for 
nerve regeneration after injury remains unclear. The tran-
scriptome and mRNA profile in the proximal nerve need to 
be further investigated. 

In this study, transcriptome analysis of the spinal cord 
was performed using RNA-seq after sciatic nerve injury. 
The differentially expressed mRNAs after peripheral nerve 

injury were explored, the temporal change of mRNAs 
during peripheral nerve injury was investigated and the 
differentially expressed mRNAs were subjected to bioin-
formatic analyses to identify mRNAs related to post-injury 
nerve regeneration.
  
Materials and Methods 
Animals
Fifteen healthy female wild-type C57BL/6J mice weighing 
20–25 g and aged 6–8 weeks were used in this study [ani-
mals were bred in the Laboratory Animal Center of Peking 
University, animal use license No. SYXK (Jing) 2016-0009]. 
The study procedures were approved by the Ethics Commit-
tee of the Peking University People’s Hospital (approval No. 
2017PHC004) on March 5, 2017. This study was carried out 
in accordance with the principles of the Basel Declaration 
and recommendations of Chinese guidelines for the care and 
use of laboratory animals (China National Standardization 
Management Committee, No. GB/T 35823-2018, 2018). The 
experimental procedure followed the United States National 
Institutes of Health Guide for the Care and Use of Laborato-
ry Animals (NIH Publication No. 85-23, revised 1996). The 
mice were allowed free access to standard chow and water 
with a 12-hour light-dark cycle and standardized hous-
ing conditions before and after operation. Fifteen female 
C57BL/6 mice were randomly divided into five groups (0-, 1-, 
2-, 4-, 8-week groups, 0 weeks was the control group, n = 3 
for each group).

Animal models and sample collection
The mice of all groups were fully anesthetized by isoflurane 
(RWD Life Science Co., Shenzhen, China) inhalation. A 0.5 
cm incision was then made over the left hind limb sciatic 
nerve. The sciatic nerve was gently separated and exposed 
and cut at 1 cm from the branch of the tibial nerve and the 
common peroneal nerve, followed by closure of the incisions 
with 4-0 Ethilon sutures. All procedures were finished under 
aseptic conditions. To assess whether the model was suc-
cessful, all mice were euthanized at 0 (control group), 1, 2, 4 
and 8 weeks post-injury to ensure that the sciatic nerve was 
still completely disconnected. The L4–6 spinal cord on the 
injured side was collected and processed for further use. 

RNA extraction and sequencing library construction
Fifteen spinal cord samples were collected at 0, 1, 2, 4 and 8 
weeks (n = 3 at each time point) after injury. Total RNA was 
isolated using the RNeasy Mini Kit (Qiagen 217004, Dussel-
dorf, German) according to the manufacturer’s instructions 
and the quality of the purified RNA evaluated with a Bio-
Analyzer 2100 (Agilent Technology, CA, USA). The quan-
tity of purified RNA was assessed using a NanoPhotometer 
spectrophotometer (IMPLEN, Westlake Village, CA, USA) 
at 260 nm. All RNA samples were stored at –80°C, and then 
sequenced on the Illumina platform by Novogene (Beijing, 
China). Sequencing libraries were prepared using 3 μg RNA 
per sample. Sequencing libraries were made using an NEB-
Next® UltraTM RNA Library Prep Kit for Illumina® (NEB, 
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Ipswich, MA, USA) according to the manufacturer’s instruc-
tions. Then, index codes were used to attribute sequences 
to each sample. First, poly-T oligo-attached magnetic beads 
were utilized to purify mRNA from total RNA. The divalent 
cations in NEBNext First Strand Synthesis Reaction Buffer 
(5×) were used for fragmentation under raising temperature. 
First-strand cDNA was synthesized using a random hexamer 
primer and M-MuLV Reverse Transcriptase (RNase H-) and 
second-strand cDNA was subsequently made using DNA 
Polymerase I and RNase H. Overhangs were made blunt 
with polymerase/exonuclease. After the 3′ ends of DNA 
fragments were adenylated, NEBNext Adaptor with hairpin 
loop structure was ligated for hybridization. The library frag-
ments were purified using the AMPure XP system (Beckman 
Coulter, Beverly, MA, USA). cDNA fragments of 150–200 bp 
were treated with 3 μL of USER Enzyme (NEB). The cDNA 
was ligated at 37°C for 15 minutes and then at 95°C for 5 
minutes. Quantitative polymerase chain reaction (qPCR) 
was subsequently performed with Phusion High-Fidelity 
DNA polymerase, Universal qPCR primers and Index (X) 
Primer. Finally, the Agilent Bioanalyzer 2100 (Agilent Tech-
nology, CA, USA) system was used to evaluate the library 
quality and to purify the qPCR products.

Clustering and sequencing
Index-coded sample clustering was performed with TruSeq 
PE Cluster Kit v3-cBot-HS (Illumina, Santiago, CA, USA) 
following the instructions on the cBot Cluster Generation 
System. The libraries were sequenced to generate 125 bp/150 
bp paired-end reads. For species with sophisticated gene 
annotation information (e.g., mice), reads could be directly 
mapped to the transcriptome. DNAStar Lasergene software 
(V2.5.1b; Madison, WI, USA) was used for comparison 
analysis of RNA-seq reads data. DNAStar used the Maximal 
Mappable Prefix search method to accurately position junc-
tion reads. HTSeq v0.6.0 was used to analyze differential 
gene expression of each sample. FPKM (expected number 
of fragments per kilobase of transcript sequence per million 
base pairs sequenced) is the number of fragments per ki-
lobase of exon model per million mapped fragments, which 
takes the effect on sequencing depth and gene length on the 
fragment count into consideration, and is the most frequent-
ly used gene expression estimation method. 

GO and KEGG enrichment analysis of differentially 
expressed mRNAs
Cluster Profiler R package was used to perform Gene On-
tology (GO) enrichment analysis of differentially expressed 
genes, to revise the gene length bias. The enrichment of dif-
ferentially expressed genes was considered statistically signif-
icant with a corrected P-value less than 0.05. Kyoko Encyclo-
pedia of Genes and Genomes (KEGG; https://www.genome.
jp/kegg) is a database for the identification of high-level 
functions of biological systems following genome sequenc-
ing or other high-throughput experimental technologies at 
the molecular level. The cluster Profiler R package was used 
to test the differentially expressed genes with significant en-

richment in KEGG pathways. 

Validation of expression for some differential mRNAs by 
qPCR 
The remaining samples collected at 4 weeks were processed 
for validation by qPCR. The synthesis of first-strand cDNA 
was performed using a reverse transcription kit (Vazyme, 
Nanjing, China) according to the manufacturer’s instruc-
tions. IQ SYBR green SuperMix reagent (Bio-Rad, Hercules, 
CA, USA) was chosen for amplification of target genes. 
Agarose gel electrophoresis and melting-curve analysis were 
employed to detect the specificity of qPCR. The comparative 
Ct method was used to quantify gene expression, and the 
relative quantification was calculated as 2–ΔΔCt with GAPDH 
as an internal control. The primers used for qPCR are shown 
in Table 1.

Table 1 Primer sequences of GAPDH, Sgk1, Neurturin and Gpnmb 
genes

Gene Sequences (5'–3')
Product 
size (bp)

GAPDH Forward: GAA GGG CAT CTT GGG CTA CAC 109
Reverse: GTT GTC ATT GAG AGC AAT GCC A

Sgk1 Forward: TGC AGG ACA CTA CAA TGT GGG A 116
Reverse: CAA GAC CGT TTC AAT AGG TTT 
TAG

Neurturin Forward: GGC CCT GGT GTC GCT CAT 115
Reverse: GCG TGG AGG GCG TCG TA

Gpnmb Forward: CTC ACT TCA CAT GGC CGC TAC 103
Reverse: TCA AGC TTC TTC ACG TGT TTC TG

Statistical analysis
All data are expressed as the mean ± SEM. Statistical analysis 
was performed with SPSS version 19.0 software (IBM, Ar-
monk, IL, USA). mRNA levels at different time points after 
injury were assessed using Student’s t-test. The qPCR results 
were tested with Student’s t-test. A P value less than 0.05 was 
considered statistically significant.  

Results
Number of sequence reads
After checking the RNA-seq data quality by determining the 
ratio of clean data (Figure 1A), the percentage of clean reads 
in the raw reads of each sample was more than 94%, indi-
cating that the data were high-quality and able to be used 
for subsequent analysis. The distribution of reads in regions 
of the genome was also performed (Figure 1B). Different 
colors represent different genome regions, including exonic, 
intronic and intergenic regions. 

Differentially expressed mRNAs after sciatic nerve injury
Differentially expressed mRNAs are independently displayed 
with a volcano plot, Venn diagram and clustering map (Fig-
ure 2). Compared with 0 week, the top ten differentially 
expressed mRNAs at 4 weeks and all differentially expressed 
mRNAs at 1 and 8 weeks after sciatic nerve injury are shown 
in Table 2. Differentially expressed mRNAs were not iden-
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tified at 2 weeks. We identified 1915 differentially expressed 
mRNAs after sciatic nerve injury compared with the control 
group (up-regulation: 2 at 1 week, 897 at 4 weeks, and 2 at 8 
weeks; down-regulation: 2 at 1 week, 1012 at 4 weeks, and 0 
at 8 weeks). 

Validation of expression of some differentially expressed 
mRNAs by qPCR
The expression of some differentially expressed mRNAs 
(Sgk1, Neurturin and Gpnmb) at 1, 4 and 8 weeks after injury 
was validated by qPCR (Figure 3). The expression of these 
mRNAs was consistent with that determined by sequencing. 

Functional prediction of differentially expressed mRNAs
To estimate the functions of mRNAs in the injured nerve, 
GO and KEGG pathway analysis were employed to analyze 
the threshold of fold change at > 0.95. GO analysis showed 
the most significantly enriched biological processes at 1 
week were associated with cellular response to lipid, cellular 
response to organonitrogen compound, cellular response 
to nitrogen compound, cell growth and negative regulation 
of microtubule polymerization; at 4 weeks, ATP metabolic 
process, purine ribonucleoside triphosphate metabolic pro-
cess, ribonucleoside triphosphate metabolic process, purine 
nucleoside triphosphate metabolic process and purine nu-
cleoside metabolic process; and at 8 weeks, energy coupled 
proton transmembrane transport, ATP hydrolysis coupled 
proton transport, hydrogen ion transmembrane transport, 
proton transport and hydrogen transport. Of note, the most 
enriched cellular components at 1 week were associated 
with nuclear transcription factor complex; at 4 weeks, inner 
mitochondrial membrane protein complex, mitochondrial 
protein complex, mitochondrial inner membrane, organelle 
inner membrane and mitochondrial membrane part; and 
at 8 weeks, proton-transporting V-type ATPase complex, 
vacuolar proton-transporting V-type ATPase complex, pro-

ton-transporting domain, proton-transporting two-sector 
ATPase complex, proton-transporting two-sector ATPase 
complex and early endosome. The most significantly en-
riched molecular functions at 1 week were associated with 
protein kinase A catalytic subunit binding, tau protein bind-
ing, pre-mRNA binding, bHLH transcription factor binding 
and protein kinase A binding; at 4 weeks, NADH dehydro-
genase activity, hydrogen ion transmembrane transporter ac-
tivity, NADH dehydrogenase (ubiquinone) activity, NADH 
dehydrogenase (quinone) activity and oxidoreductase ac-
tivity, acting on NAD(P)H, quinone or similar compound 
as acceptor; and at 8 weeks, hydrogen ion transmembrane 
transporter activity, integrin binding, heparin binding, cell 
adhesion molecule binding and glycosaminoglycan bind-
ing (Figure 4). An enriched scatter diagram was used to 
demonstrate the results of Q-value, the Rich factor, KEGG 
enrichment analysis and number of genes reflected the de-
gree of KEGG enrichment. According to the KEGG analysis 
results, the most significantly involved pathways in peripher-
al nerve injury at 1 week were aldosterone-regulated sodium 
reabsorption; at 4 weeks, metabolic pathways, Huntington’s 
disease, oxidative phosphorylation, Parkinson’s disease and 
Alzheimer’s disease; and at 8 weeks, collecting duct acid se-
cretion, rheumatoid arthritis, lysosome, oxidative phosphor-
ylation and phagosome (Figure 5). 

Scatterplots showed that the most significantly involved 
pathways in peripheral nerve injury at 4 weeks were meta-
bolic pathways. The color of the dot indicates the size of the 
P-value. The size of the dot represents the number of genes. 
Padj indicates corrected P-value. The smaller the Padj value, 
the higher the correlation. “Count” represents the number of 
differentially expressed genes.

Discussion
Peripheral nerve injury is frequently seen in clinical settings, 
and incomplete neuroregeneration may lead to suboptimal 

Table 2 Differentially expressed mRNAs in the spinal cord after sciatic nerve injury

Time Ensemble Gene ID Gene name Regulation vs. 0 wk

1 wk ENSMUSG00000019970 Serum/glucocorticoid regulated kinase 1 (Sgk1) Up
ENSMUSG00000034647 Ankyrin repeat domain 12 (Ankrd12) Down
ENSMUSG00000000567 SRY (sex determining region Y)-box 9 (Sox9) Down
ENSMUSG00000105843 Predicted gene 42644 (Gm42644) Up

4 wk ENSMUSG00000088609 Heat shock protein 1B (Hspa1b) Down
ENSMUSG00000039481 Lipocalin 2 (Lcn2) Up
ENSMUSG00000020125 RIKEN cDNA 8430408G22 gene (8430408G22Rik) Down
ENSMUSG00000026822 Cytochrome c oxidase subunit IV isoform 1 (Cox4i1) Up
ENSMUSG00000052212 Neurturin (Nrtn) Up
ENSMUSG00000091898 arginine/serine rich protein 1 (Rsrp1) Down
ENSMUSG00000040809 CDC-like kinase 1 (Clk1) Down
ENSMUSG00000064179 Golgi apparatus protein 1 (Glg1) Down
ENSMUSG00000076281 Cytochrome c oxidase subunit via polypeptide 1 (Cox6a1) Up
ENSMUSG00000058626 ATPase Ca2+ transporting plasma membrane 4 (Atp2b4) Down

8 wk ENSMUSG00000028238 ATPase H+ transporting lysosomal V0 subunit D2 (Atp6v0d2) Up
ENSMUSG00000029816 Glycoprotein (transmembrane) nmb (Gpnmb) Up

Up-regulation and down-regulation of gene expression were compared with the control group (0 wk). The sequencing data were tested with 
Student’s t test. A value of P less than 0.05 was considered statistically significant.
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Figure 1 General information 
of the numbers and genomic 
localization of the sequence 
reads. 
(A) Percentage of clean reads in 
raw reads of each sample. Raw 
reads consist of clean reads, low 
quality reads, contaminating 
reads and adapter related reads. 
The percentage of clean reads in 
each sample was more than 94% 
and that of low-quality reads 
was less than 4%, indicating 
high quality data. (B) Percent-
age of reads mapped to genome 
regions. More than 93% of raw 
reads mapped to exon regions.  

Figure 2 Differentially 
expressed mRNAs in the spinal 
cord at different time points 
after sciatic nerve injury.
(A) Volcano plot shows the 
up-regulated and down-regulat-
ed mRNAs in the sciatic nerve 
injury group compared with 
control group at 4 weeks (red: 
up-regulation; green: down-reg-
ulation; blue: no significant 
change; DEG: differentially 
expressed gene). (B) Venn dia-
gram indicates the number of 
overlapping differentially ex-
pressed mRNAs at 0, 1, 2, and 4 
weeks. (C) Heat map of mRNAs 
displays the hierarchical clus-
tering of differentially expressed 
mRNAs at 4 weeks (red: up-reg-
ulation; blue: down-regulation).
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Figure 3 Validation of differentially expressed mRNAs by 
quantitative polymerase chain reaction at 4 weeks.
The mRNA levels of serum/glucocorticoid regulated kinase 1 (Sgk1), 
neurturin (Nrtn) and glycoprotein (transmembrane) nmb (Gpnmb) 
were significantly up-regulated in the spinal cord after sciatic nerve 
injury. The quantitative polymerase chain reaction results were tested 
with Student’s t-test. Data are presented as the mean ± SEM of three 
independent experiments (n = 3). *P < 0.05.

Figure 4 Gene Ontology analysis of 
differentially expressed mRNAs at 4 
weeks. 
The node is used to represent the 
enrichment by color depth and circle 
size. Scatterplots displaying the most 
significantly enriched Gene Ontology 
terms are organelle inner membrane 
at 4 weeks. The color of the dot indi-
cates the size of the Padj value. The 
size of the dot represents the number 
of genes. Padj indicates corrected 
P-value. The smaller the Padj value, 
the higher the correlation. “Count” 
represents the number of differential-
ly expressed genes.  

Figure 5 Kyoko Encyclopedia of 
Genes and Genomes analysis of 
differentially expressed mRNAs at 4 
weeks.
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recovery, including loss of limb movement and sensory 
dysfunction (Pannell et al., 2017; Lu et al., 2018; Sahar et al., 
2019; Sturma et al., 2019). In recent decades, molecular bi-
ological studies have revealed some mechanisms of periph-
eral nerve regeneration following injury (Chen et al., 2019; 
Guo et al., 2019; Pina et al., 2019). This study investigated 
the RNA-seq profile in the spinal cord after injury. RNA-seq 
employs next generation high-throughput sequencing for 
the analysis of mRNA profiles (Metzker, 2010; Bahassi el and 
Stambrook, 2014), which can identify novel transcripts and 
disease-related genes. Our results revealed that the levels of 
some mRNAs changed significantly in the L4–6 spinal cord 
after injury, and the potential functions of differentially ex-
pressed mRNAs were predicted by GO and KEGG pathway 
analysis. These findings illustrate the dynamic change to 
mRNA profiles in peripheral nerve injury and regeneration.

After peripheral nerve injury, a characteristic patholog-
ical process known as Wallerian degeneration occurs in 
the injured nerve, in which there are complex interactions 
between Schwann cells and other cell types (such as macro-
phages, fibroblasts and mast cells which can secret inflam-
matory or anti-inflammatory cytokines (Rotshenker, 2011; 
Chen et al., 2015; DeFrancesco-Lisowitz et al., 2015; Zong 
et al., 2019). Wallerian degeneration is initiated immediately 
after peripheral nerve injury, in which ruptured axons and 
myelin are phagocytosed, followed by Schwann cell prolif-
eration and formation of regenerated channels (Conforti et 
al., 2014; Jessen and Mirsky, 2016). The entire Wallerian de-
generation process completes within approximately 4 weeks 
(Mietto et al., 2015). Peripheral nerve injury and Wallerian 
degeneration may trigger expression of mRNAs in the spi-
nal cord. Some scholars refer to this phenomenon as spinal 
cord remodeling (Gu et al., 1998; Peixun et al., 2017). Recent 
studies have found that regulating the expression of some 
proteins in the spinal level can also promote the regeneration 
of peripheral nerves (Gallaher and Steward, 2018; Huang et 
al., 2018). However, limited by first generation sequencing 
technology, not all the genes in the spinal cord involved in 
peripheral nerve damage have been identified. This study 
used the most advanced sec-ond-generation sequencing 
technology to determine mRNAs changes in the spinal cord.

In this study, only four differentially expressed mRNAs 
were identified in the spinal cord in the first 2 weeks after 
sciatic nerve injury (4 after 1 week and 0 after 2 weeks), 
while 1909 appeared after 4 weeks, and then two were found 
after 8 weeks. Further analysis revealed that the dynamic 
temporal change of mRNA expression reflected alteration of 
some important biological processes in the L4-6 spinal cord 
during the 4-week Wallerian degeneration period. Several 
differentially expressed genes exert various effects on certain 
biological processes, such as inflammation, cell morphology 
development functions (such as Sgk1, Neurturin and Gpnmb) 
and nerve regeneration. GO analysis is a primary bioinfor-
matics tool that can unify the representation of genes and 
gene products (Altshuler et al., 2008). GO terms and GO 
notes can predict gene function (Du et al., 2016).

The KEGG database can provide functional information 

for systematic analysis and is therefore widely used as a plat-
form for enrichment analysis of gene functions (Camon et 
al., 2004). The functions of related genes and the pathways 
related to differentially expressed mRNAs in the L4–6 spinal 
cord after sciatic nerve injury were further analyzed using 
GO and KEGG. Our results revealed that the biological pro-
cesses strongly associated with the pathogenesis of periph-
eral nerve injury were cell growth, mitochondrial synthesis, 
tricarboxylic acid cycling and neurological regeneration. In 
addition, the pathways significantly involved in the patho-
genesis of peripheral nerve injury were aldosterone-regulat-
ed sodium reabsorption, oxidative phosphorylation and col-
lecting duct acid secretion. KEGG and GO analysis showed 
the pre-dicted functions of differentially expressed mRNAs 
in peripheral nerve repair.

Nevertheless, this study has some limitations. First, the 
expression profiles of the biological replicates are divergent 
at 1, 2, and 8 weeks. All the samples were harvested by one 
experienced surgeon and the other variables were strictly 
controlled (age, sex, external appearances, animal genetic 
background, and feeding conditions). We speculate that the 
expression of mRNAs in the spinal cord is affected by the 
time of injury after peripheral nerve injury. Second, further 
experiments and study designs are not presented. We have 
been working on discovering new gene targets related to 
peripheral nerve injury repair and central nervous system 
remodeling. Our results have established a reliable informa-
tion platform that can be used as the basis for further study. 
We hope that the results we present here may be useful for 
other teams who are interested in this field. We have also 
prepared in vitro and in vivo experiments to validate some of 
the interesting findings of our high-throughput experiments.

High-throughput sequencing enables investigation of the 
dynamic temporal change of mRNA expression profiles in 
the L4–6 spinal cord after peripheral nerve injury. Further-
more, the differentially expressed mRNAs in the proximal 
spinal cord were explored and the results showed a local in-
flammatory response in Schwann cells or other related cells 
during post-injury nerve repair. The number and type of spi-
nal cord mRNAs involved in changes at different time points 
after peripheral nerve injury were different. These findings 
provide targets for future treatment of peripheral nerve inju-
ry at different stages. 
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