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Abstract

An aging-induced decrease in Schwann cell viability can affect regeneration following peripheral nerve injury in mammals. It is therefore
necessary to investigate possible age-related changes in gene expression that may affect the biological function of peripheral nerves. Ten
1-week-old and ten 12-month-old healthy male Sprague-Dawley rats were divided into young (1 week old) and adult (12 months old)
groups according to their ages. mRNA expression in the sciatic nerve was compared between young and adult rats using next-generation
sequencing (NGS) and bioinformatics (n = 4/group). The 18 groups of differentially expressed mRNA (DEmRNAs) were also tested by
quantitative reverse transcription polymerase chain reaction (n = 6/group). Results revealed that (1) compared with young rats, adult rats
had 3608 groups of DEmRNAs. Of these, 2684 were groups of upregulated genes, and 924 were groups of downregulated genes. Their
functions mainly involved cell viability, proliferation, differentiation, regeneration, and myelination. (2) The gene with the most obvious
increase of all DEmRNASs in adult rats was Thrsp (log,FC = 9.01, P < 0.05), and the gene with the most obvious reduction was Col2al
(log,FC = -8.89, P < 0.05). (3) Gene Ontology analysis showed that DEmRNAs were mainly concentrated in oligosaccharide binding, nu-
cleotide-binding oligomerization domain containing one signaling pathway, and peptide-transporting ATPase activity. (4) Analysis using
the Kyoto Encyclopedia of Genes and Genomes showed that, with increased age, DEmRNAs were mainly enriched in steroid biosynthesis,
Staphylococcus aureus infection, and graft-versus-host disease. (5) Spearman’s correlation coefficient method for evaluating NGS accuracy
showed that the NGS results and quantitative reverse transcription polymerase chain reaction results were positively correlated (r, = 0.74,
P < 0.05). These findings confirm a difference in sciatic nerve gene expression between adult and young rats, suggesting that, in peripheral
nerves, cells and the microenvironment change with age, thus influencing the function and repair of peripheral nerves.
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Introduction

The treatment of limb paralysis and dysfunction caused
by peripheral nerve injury is a major challenge in medical
science. In the USA alone, the number of peripheral nerve
injury surgeries performed each year has reached 50,000
cases, and the economic burden is over 7 billion US dollars.
Therefore, the question of how to improve treatment and ef-
fectively repair peripheral nerve injury has become a major
public health issue that needs to be addressed by the global
healthcare community (Wang et al., 2010; Yang et al., 2011;
Chen et al,, 2018). Thus, studies of peripheral nerve regener-
ation have significance in both scientific research and clin-
ical practice (Zheng et al., 2014; He et al., 2015; Hung et al.,
2015; Qiu et al., 2015; Pan et al., 2017; Zou et al., 2018).

The reduction in nerve repair ability in older animals is a
research hotspot in the field of peripheral nerve injury re-
pair (Verdu et al., 2000; Amer et al., 2014). For a long time,
the majority of researchers have considered that a decline in
neuronal regeneration ability is the major reason that axonal
regeneration is slow in old animals (Graciarena et al., 2014;
Moldovan et al., 2016; Lim et al., 2017). For example, Zou
et al. (2013) showed that intrinsic changes in older neurons
influence neuronal regeneration ability in a Caenorhabdi-
tis elegans model. They found that in older neurons, let-7
down-regulating LIN-41, which contributes to a develop-
mental decline in axonal regeneration. However, in the
younger neurons, LIN-41 inhibits let-7 expression via Argo-
natute ALG-1 to ensure that axonal regeneration could only
be inhibited in older neurons. Some other scholars focused
on cells other than neurons. For example, Painter et al. (2014)
demonstrated that the peripheral nerve regeneration ability
of 24-month-old mice is worse than that of 2-month-old
mice; although in vitro gene detection revealed that only 14
genes in the dorsal root ganglion cells of old mice are signifi-
cantly different from those in young mice. In addition, genes
that are directly associated with regeneration ability (such as
ATF3, GAP and prrla) did not markedly differ between old
and young mice. Therefore, some researchers have suggested
that the major factor influencing peripheral nerve regener-
ation in mammals such as mice, rats, and humans is not the
neurons themselves, but instead the decline of Schwann cell
viability in peripheral nerves (Michio et al., 2014; Couve et
al., 2017; Xu et al., 2017).

This study therefore aimed to compare mRNA expression
in the sciatic nerves of Sprague-Dawley rats at different ages
using next-generation, high-throughput whole RNA sequenc-
ing and bioinformatics. Using these techniques, the aim was
to discover age-related molecules that influence the biological
functions of peripheral nerves, and to investigate any under-
lying mechanisms, to provide theoretical bases for improving
the treatment of aging peripheral nerves after injury (Canta et
al., 2016; Sakita et al., 2016; Zhou. et al., 2017).

Materials and Methods

Animals
Ten 1-week-old and ten 12-month-old healthy male
Sprague-Dawley rats, bought from the Animal Center of

Medical School of Sun Yat-Sen University of China, were
randomly selected as experimental animals. This study was
approved by the Experimental Animal Administration
Committee of Sun Yat-Sen University (approval number:
[2013]A-055). Efforts were taken to minimize animal suffer-
ing during the experiment.

Collection of sciatic nerves

Four rats in the young or adult group were randomly se-
lected for the next-generation RNA high-throughput se-
quencing detection of sciatic nerves. Rats in the adult group
were deeply anesthetized using an intraperitoneal injection
of 10% chloral hydrate (Sinopharm Chemical Reagent Co.,
Ltd., Shanghai, China; 0.3 mL/100 g body weight). Rats in
the young group were sacrificed by cervical dislocation. The
specific operational procedures have been previously pub-
lished (Zhu et al., 2015, 2017). Under aseptic conditions,
the skin of the left leg was cut parallel to the femur, and the
sciatic nerve was exposed by splitting the superficial gluteus
muscle. The bilateral sciatic nerves (= 15 mm in length) were
excised from the lower edge of piriform muscle from the rats
and then external fat and connective tissue were removed.

Library preparation and RNA sequencing

Comparison of the senescence pathway genes was per-
formed by next-generation sequencing (NGS). All sequenc-
ing programs were performed by Shanghai Biotechnology
Corporation (Shanghai, China). Briefly, RNA extraction was
performed using the mir Vana™ miRNA isolation kit (Cat#
AM1561, Ambion, Austin, TX, USA) following the standard
operating procedures provided by the manufacturer. The
quality of the extracted RNA was detected using an Agilent
Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA,
USA). Total RNA was then purified using the RNAClean
XP kit (Cat A63987, Beckman Coulter, Inc., CA, USA) and
the RNase-Free DNase Set (Cat#79254, Qiagen, Germany).
The quality of the initial total RNA sample for the sequenc-
ing experiment was detected using a NanoDrop ND-2000
spectrophotometer and an Agilent Bioanalyzer 2100. Total
RNA that passed the quality control was used in subsequent
sequencing experiments (Pertea et al., 2015).

For transcriptome sequencing, we used the number of reads
mapping to the gene region to estimate the gene expression
level (Pertea et al., 2016). However, in addition to being pro-
portional to the gene expression level, the number of reads
was also associated with the length of genes and the sequenc-
ing data volume. To compare gene expression levels between
different genes and different samples, reads were converted
into fragments per kilobase of exon model per million mapped
reads (FPKM) for normalization of gene expression levels
(Mortazavi et al., 2008; Yu et al., 2017). First, the number of
fragments of each gene after Hisat2 comparison was counted
using Stringtie v1.3.0 (The Center for Computational Biology
at Johns Hopkins University, Baltimore, MD, USA). Next,
normalization was performed using the trimmed mean of M
values method (Robinson et al., 2010). Finally, the FPKM val-
ue of each gene was calculated using the Perl program.
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Quantitative real time polymerase chain reaction
(RT-PCR)

Quantitative analysis of targeted mRNA expression was
performed using RT-PCR and the relative standard curve
method. Six rats in each group were randomly selected. The
bilateral sciatic nerves were collected using the previously
described method, and total RNA was extracted. The RNA
concentration and purity were detected using a Nanodrop
2000. RNA samples with high concentrations were diluted
to a final concentration of 200 ng/uL. RNA (1 ug) was used
for RNA reverse transcription using the RevertAid first
strand cDNA synthesis kit (Thermo Fisher, Waltham, MA,
USA). An appropriate amount of cDNA was amplified using
FastStart Universal SYBR Green Master Mix (Roche, Basel,
Switzerland) in a fluorescence quantitative PCR machine
(Stepone Plus, Thermo Fisher). The specific procedures were
performed according to the manufacturer’s product manual.
Each sample was run in triplicate. GAPDH expression was
used to normalize mRNA expression. Gene information and
primers are shown in Table 1. The specificity of RT-PCR
was confirmed via routine agarose gel electrophoresis and
melting curve analysis. The 2™*“ method was used to calcu-
late relative gene expression (Huang et al., 2017).

Bioinformatics and statistical analyses
Analyses of differential genes among samples were per-
formed using edgeR (Robinson et al., 2010). After the P-value
was obtained, multiple testing was performed for correc-
tion. The threshold value of the P-value was determined by
controlling for false discovery rate (Benjamini et al., 1995,
2001). The corrected P-value was the Q-value. In addition,
the differential expression fold was calculated based on the
FPKM value, which was the fold change. The screening con-
dition of differential genes was limited to Q-value < 0.05 and
fold change > 2. Both gene ontology (GO) analysis (http://
www.geneontology.org) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis (http://www.ge-
nome.jp/kegg/) were performed to determine the roles of
the differentially expressed mRNAs. Fisher’s exact test was
used to test the significance of GO terms and pathway iden-
tifiers enriched in the differentially expressed gene list. RNA
sequencing and bioinformatics analyses were performed by
Shanghai Biotechnology Corporation (Shanghai, China).
The gene data of RT-PCR conform to normal distribution
and were presented as the mean + SD. SPSS 13.0 software
(SPSS, Chicago, IL, USA) was used to analyze the accuracy
of NGS. Quantitative RT-PCR results were compared with
sequencing results using Spearman’s correlation coefficient
method. P < 0.05 was considered statistically significant.

Results

Analyses of mRNA expression levels in the sciatic nerve of
young and adult rats

Transcriptome gene expression of sciatic nerves in young
and adult rats was analyzed using NGS. A scatter map and a

heat map were used to present the distribution of differen-
tially expressed mRNAs (DEmRNAs; Figure 1). A total of

2184

Table 1 Primer information for the genes that were detected

Gene Product

name Sequence (5'-3") size (bp)

GAPDH Forward: TTC CTA CCC CCA ATG TAT CCG 281
Reverse: CAT GAG GTC CAC CAC CCT GTT

BTC Forward: CCT TGT CCT GGG TCT TGT GATT 228
Reverse: ATG CAG GAG GGA GTT TGT TCG

NCMAP Forward: CCG TCT TCT CGC TGA ACA TGA 149

Reverse: CCT GGT CCT CAT TCT CCT GTT G
ACVRIC Forward: TTG CGG CAG GAC TGA AGT GT 240
Reverse: CTG TGG GAA GGT GCA GAGTGA T

DLG2 Forward: ATG ATC ATT CCT TAC CTC GGC TA 158
Reverse: GTT GAC AAT TAT AGG AGC AGG GC

JUN Forward: CTT CTA CGA CGATGC CCT CAAC 257
Reverse: GGG TCG GTG TAG TGG TGA TGT G

NGFR  Forward: CCT TGT GGC CTA TAT TGC TTT CA 178
Reverse: AGG CAG TCT GCG TAT GGG TCT

MBP Forward: GCT TCT TTA GCG GTG ACA GGG 133
Reverse: TGT GAG TCC TTG TAC ATG TGG CA

PBK Forward: GGA ATC AGT AAT TTC AAG ACG CC 169
Reverse: AAT GGG ACA ACC CTC TCG GA

BIRC5  Forward: CAG TCA AGA AGC AGG TGG AAG AA 123
Reverse: TCC GGG TCT CCT CGA ACT CTT

EGR2 Forward: GCC AAG GCC GTA GAC AAA ATC 216
Reverse: ATA TGG GAG ATC CAA GGG CCT

CDC20 Forward: CCC TGC AGA CAT TCA CTC AAC AT 276
Reverse: TGT GAC CTT TGA GCT CTG CCA

KIF2C  Forward: GCA CGG TGA ACT TGG AGA AATC 253
Reverse: GTG GAT ATG CGA GTG GAA CGA C

PMP22  Forward: TCG CGG TGC TAG TGT TGC TC 151
Reverse: TGA AGC CAT TCG CTC ACA GAT

MAP3K Forward: ATC CAG TTC AGC AGG TCA GGC 150
Reverse: TTC CTC AAA CGG CACTTC CC

PDGFb  Forward: GAG CAT CGA GCC AAG ACA CCT 109
Reverse: CCT TCT TGT CAT GGG TGT GCT T

MPZ Forward: GCT GCCCTGCTCTTCTCTTCTT 218
Reverse: GGT TGA CCC TTG GCA TAG TGG A

MAL Forward: CAG TGG CTT CTC CGT CTT CGT 182
Reverse: TGT ACA TGA CCA TCA GGG AAG TG

WWC1  Forward: TGA GGA TGC TGG AGA AGA GGG T 196

Reverse: GCA GAG AGA GCT GGG ATG TTC AT

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; BTC: betacellulin;
NCMAP: noncompact myelin associated protein; ACVRIC: activin
A receptor type 1C; DLG2: disks large homolog 2 (DLG2); JUN: Jun
proto-oncogene; AP-1: transcription factor subunit; NGFR: nerve
growth factor receptor; MBP: myelin basic protein; PBK: PDZ binding
kinase; BIRC5: baculoviral IAP repeat containing 5; EGR2: early growth
response 2; CDC20: cell division cycle 20; KIF2C: kinesin family member
2C; PMP22: peripheral myelin protein 22; MAP3K: mitogen-activated
protein kinase kinase kinase; PDGFb: platelet derived growth factor
subunit B; MPZ: myelin protein zero; MAL: myelin and lymphocyte
protein; WWC1: WW and C2 domain containing 1.

30,957 mRNA groups were detected using RNA sequencing
(RNA-seq), and the DEmRNA screening was performed
using fold change > 2.0 and P < 0.05 as the criteria. Com-
pared with young rats, adult rats had 3608 groups of DEm-
RNAs. Of these, 2684 groups were upregulated genes, and
924 groups were downregulated genes. The gene with the
greatest mRNA increase in adult rats was Thrsp (log,FC =
9.01, P < 0.05), and the gene with the greatest reduction was
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Col2al (log,FC = -8.89, P < 0.05). The 10 groups of genes
with the most obvious DEmRNAs are shown in Table 2.
Additionally, 208 mRNAs were only expressed in adult rats
and 50 mRNAs were only expressed in young rats. The gene
with the greatest mRNA increase in adult rats was Rn60_

X_0752.3 (FPKM = 227.23, P < 0.05), and the gene with the
most obvious increase in young rats was Ddx3y (FPKM =
32.69, P < 0.05). The top 10 most highly expressed mRNAs
which were not expressed by rats in the opposite group are
shown in Table 3.

Table 2 Top 10 mRNA groups that were only expressed in the sciatic nerve of rats in young (1 week old, n = 4) and adult (12 months old, n = 4)

Sprague-Dawley rats

Dysregulation Gene name 1-week FPKM 12-month FPKM log,FC Q value

Up Thrsp 0.127743 65.82397 9.009228 7.57E-77
Fegr2b 0.180183 59.44108 8.365856 2.13E-113
Myoc 0.961192 276.8655 8.170145 3.00E-133
C6 0.052442 14.7549 8.13625 1.96E-57
LOC100910255 0.074305 20.26099 8.091031 1.01E-105
Lamb3 0.019016 5.003392 8.039568 1.26E-36
Shh 0.229436 53.69166 7.87046 4.88E-78
Tshr 0.029869 5.522935 7.530649 1.31E-44
Fmo2 0.529976 77.65057 7.194926 3.16E-97
Cesld 0.671107 81.78231 6.929103 3.01E-95

Down Col2al 456.1821 0.960973 —8.8909 6.19E-186
Agtr2 4.569736 0.056959 —6.32604 7.48E-32
DIk1 25.55449 0.320356 -6.31776 1.32E-69
Marveld3 6.536042 0.095418 —6.09801 1.62E-36
St8sia2 10.80214 0.214507 —5.65415 4.34E-29
Epyc 30.9444 0.663528 —5.54338 2.32E-73
Trpm5 0.952308 0.024164 —-5.30051 1.67E-09
Nrk 3.624036 0.096052 —5.23763 4.87E-32
Igf2bp3 2.447324 0.068635 —5.15611 1.53E-16
Alox15 40.36502 1.137897 —5.14866 3.56E-69

FPKM: Fragments Per Kilobase of exon model per Million mapped reads; FC: fold change.

Table 3 Top 10 differentially expressed mRNA groups in sciatic nerves that were upregulated or downregulated in young (1 week old, n = 4)

and adult (12 months old, n = 4) Sprague-Dawley rats

FPKM

Dysregulation Gene name 1-week FPKM 12-month FPKM log,FC Q value

Up Thrsp 0.127743 65.82397 9.009228 7.57E-77
Fcgr2b 0.180183 59.44108 8.365856 2.13E-113
Myoc 0.961192 276.8655 8.170145 3.00E-133
Cé 0.052442 14.7549 8.13625 1.96E-57
LOC100910255 0.074305 20.26099 8.091031 1.01E-105
Lamb3 0.019016 5.003392 8.039568 1.26E-36
Shh 0.229436 53.69166 7.87046 4.88E-78
Tshr 0.029869 5.522935 7.530649 1.31E-44
Fmo2 0.529976 77.65057 7.194926 3.16E-97
Cesld 0.671107 81.78231 6.929103 3.01E-95

Down Col2al 456.1821 0.960973 —8.8909 6.19E-186
Agtr2 4.569736 0.056959 —6.32604 7.48E-32
DIkl 25.55449 0.320356 —6.31776 1.32E-69
Marveld3 6.536042 0.095418 —6.09801 1.62E-36
St8sia2 10.80214 0.214507 —5.65415 4.34E-29
Epyc 30.9444 0.663528 -5.54338 2.32E-73
Trpm5 0.952308 0.024164 —-5.30051 1.67E-09
Nrk 3.624036 0.096052 —5.23763 4.87E-32
Igf2bp3 2.447324 0.068635 —5.15611 1.53E-16
Alox15 40.36502 1.137897 —5.14866 3.56E-69

FPKM: Fragments Per Kilobase of exon model per Million mapped reads; FC: fold change.
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GO and KEGG analyses of DEmRNAs
Clustering analysis of DEmRNAs can help to identify the

function of unknown transcripts, or the unknown function
of known transcripts, by gathering similar expression pat-
terns or similar genes to a class (Yao et al., 2012). Functional
classification by GO is an internationally standardized clas-
sification system for gene function that offers a dynamic,
updated, and controlled vocabulary, employing strictly de-
fined concepts to comprehensively describe the properties of
genes and their products in any organism. GO classification
encompasses three domains, as follows: molecular func-
tion, cellular component, and biological process (Yi et al.,
2006). GO analysis revealed that DEmRNAs were mainly
concentrated in genes related to oligosaccharide-binding,
nucleotide-binding oligomerization domain containing one
(NOD1) signaling pathway, peptide-transporting ATPase
activity, fibrinogen binding, and marginal zone B cell differ-

entiation (Figure 2 and Table 4).
The pathway enrichment of DEmRNAs was analyzed

using KEGG. The KEGG pathway database comprises infor-
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mation about networks of molecular interactions for numer-
ous organisms, thus permitting functional classification. In
the adult rats, DEmRNAs were mainly enriched in steroid
biosynthesis, Staphylococcus aureus infection, graft-versus-
host disease, type 1 diabetes mellitus, and allograft rejection

categories (Figure 3 and Table 5).

Validation of microarray sequencing accuracy using
quantitative RT-PCR
Five groups of upregulated mRNAs, namely nerve growth
factor receptor (NGFR), betacellulin (BTC), activin A recep-
tor type 1C (ACVRIC), disks large homolog 2 (DLG2), and
Jun proto-oncogene (JUN), and five groups of downregulat-
ed mRNAs, namely noncompact myelin associated protein
(NCMAP), myelin basic protein (MBP), PDZ binding kinase
(PBK), baculoviral IAP repeat containing 5 (BIRC5), and
early growth response 2 (EGR2), were selected for quantita-
tive RT-PCR analyses in rats with different genotypes. The
housekeeping gene GAPDH was used as the internal control
to compare the sequencing results. Among the 10 groups of

Figure 1 Scatter map and heat map

of mRNA expression in the sciatic

nerve in young (1 week old, n = 4)

and adult (12 months old, n = 4)
Sprague-Dawley rats.

(A) Scatter map of mRNA expression.
Red indicates upregulated genes in
adult rats compared with young rats,
while blue indicates downregulated
genes. (B) Heat map of mRNA expres-
sion. Green in the heat map indicates
a fold change < 2, and red indicates a

fold change > 2.
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Figure 2 Schematic diagram of the Gene Ontology (GO) category and gene enrichment of differentially expressed mRNAs (DEmRNAs) in the

sciatic nerve of 12-month-old and 1-week-old Sprague-Dawley rats.
(A) GO classification: Red columns represent biological process; green columns represent cellular component; blue columns represent molecular

function. (B) GO enrichment: Different shapes indicate different types of function. Circles represent biological process; triangles represent cellular
component, and squares represent molecular function. The area of the circles represents the number of DEmRNAs involved in the terms. Different
colors indicate different Q-values of DEmRNAs in the GO terms between adult rats and young rats. Green represents Q > 0.10; yellow represents Q > 0.05
and Q < 0.075; orange represents Q < 0.05 and Q > 0.025; and red represents Q < 0.025. The standard of the test was set as 0.05 (1 = 4 rats per group).
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Figure 3 Schematic diagram of the pathway classification and gene enrichment of differentially expressed mRNAs (DEmRNAs) in the sciatic

nerve of 12-month-old and 1-week-old Sprague Dawley rats.

(A) Kyoto Encyclopedia of Genes and Genomes (KEGG) classification: Orange columns represent cellular process; brown columns represent en-
vironmental information processing; green columns represent genetic information processing; blue columns represent metabolism; and purple
columns represent organismal systems. (B) KEGG pathway enrichment: The area of the circles represents the number of DEmRNAs involved in the
pathway. Different colors indicate different Q-values of DEmRNAs in the pathway between adult rats and young rats. Green represents Q > 0.15; yel-
low represents Q > 0.10 and Q < 0.15; orange represents Q < 0.10 and Q > 0.05; and red represents Q < 0.05. The standard of the test was set as 0.05 (n

=4 per group).
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Figure 4 Comparison of quantitative RT-PCR (1 = 6/group) and
RNA sequencing (RNA-seq; 1 = 4/group) results of differentially
expressed mRNAs in the sciatic nerve of 12-month-old and 1-week-
old Sprague-Dawley rats.

To achieve baseline consistency, the quantitative RT-PCR fold change
data were expressed as 2*°“, and RNA-seq data are expressed as log,FC.
NGFR: Nerve growth factor receptor; ACVRIC: activin A receptor type
1C; DLG2: discs large MAGUK scaffold protein 2; JUN: Jun proto-on-
cogene; BTC: betacellulin; NCMAP: noncompact myelin associated
protein; MBP: myelin basic protein; BIRC5: baculoviral IAP repeat con-
taining 5; EGR2: early growth response 2; PBK: PDZ binding kinase; FC:
fold change; RT-PCR: real time polymerase chain reaction.

DEmRNAs, only BTC expression differed from the sequenc-
ing results. The sequencing results showed that BTC expres-
sion was upregulated, whereas the quantitative RT-PCR re-
sults demonstrated that BTC expression was downregulated.
In contrast, the fold changes of expression in the quantitative
RT-PCR results of other DEmRNAs were similar to those of
the RNA microarray sequencing results (Figure 4).

A total of 18 groups of DEmRNAs were randomly select-
ed, including the above 10 groups of genes, as well as KIF2C,
MAP3K, PDGFB, MPZ, PMP22, MAL, WWCI and CDC20.
To evaluate the accuracy of NGS sequencing, the correlation

between RNA sequencing results and quantitative RT-PCR
results was evaluated using Spearman correlation coefficient
analyses. The correlation coefficient r, was 0.74 and P < 0.05,
indicating that the NGS results and quantitative RT-PCR
results were positively correlated (Figure 5).

Discussion

After peripheral nerve injury, neurons initiate axonal re-
generation. Distal axons, cut from the neuronal cell body,
develop Wallerian degeneration (Szepanowski and Kieseier,
2016; Xiao et al., 2016; Roberts et al., 2017; Cervellini et
al., 2018). Proximal axons form growth cones and extend
to distal ends, which grow into the target organ to achieve
functional recovery (Scheib et al., 2013; Kizilay et al., 2016;
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Figure 5 Scatter map of Spearman correlation coefficient analyses
between quantitative real time polymerase chain reaction and
sequencing data (Seq) of differentially expressed mRNAs
(DEmRNAEG) in the sciatic nerve of 12-month-old (adult) and
1-week-old (young) Sprague-Dawley rats.

The correlation coefficient r, was 0.74, and P < 0.05 (n = 6/group).
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Table 4 Categories in Gene Ontology (GO) analyses that corresponded to the top 20 groups of differentially expressed mRNAs (DEmRNAs)
in the sciatic nerve of Sprague-Dawley rats at the ages of 1 week and 12 months

GO ID GO term DEmRNASs count  Enrichment factor  Q value

GO:0070492 oligosaccharide binding 6 6.044343 0.020547
GO0:0070427 nucleotide-binding oligomerization domain containing 1 signaling pathway 4 6.044343 0.067853
GO0:0015440 peptide-transporting ATPase activity 4 6.044343 0.067853
GO:0070051 fibrinogen binding 4 6.044343 0.067853
G0:0002315 marginal zone B cell differentiation 5 6.044343 0.037313
GO0:0001730 2'-5'-oligoadenylate synthetase activity 4 6.044343 0.067853
GO:0000942 condensed nuclear chromosome outer kinetochore 4 6.044343 0.067853
G0:0033093 Weibel-Palade body 5 6.044343 0.037313
G0:0097460 ferrous iron import into cell 4 6.044343 0.067853
GO0:0070487 monocyte aggregation 5 6.044343 0.037313
GO0:0019957 C-C chemokine binding 4 6.044343 0.067853
G0:0002606 positive regulation of dendritic cell antigen processing and presentation 4 6.044343 0.067853
G0:0010572 positive regulation of platelet activation 4 6.044343 0.067853
G0:0060267 positive regulation of respiratory burst 4 6.044343 0.067853
GO:0010759 positive regulation of macrophage chemotaxis 8 5.372749 0.00931

GO0:0031620 regulation of fever generation 7 5.2888 0.017348
G0:0060710 chorio-allantoic fusion 6 5.180865 0.031748
G0:0045588 positive regulation of gamma-delta T cell differentiation 6 5.180865 0.031748
GO0:0046880 regulation of follicle-stimulating hormone secretion 6 5.180865 0.031748
GO:0031622 positive regulation of fever generation 6 5.180865 0.031748

Table 5 Pathways in the Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses that corresponded to the top 20 groups of enriched
differentially expressed mRNAs (DEmRNAs, age of 12 months vs. age of 1 week)

Pathway ID Pathway description DEmRNAscount  Enrichment factor Q value

rno00100 Steroid biosynthesis 14 3.825181 0.000361
rno05150 Staphylococcus aureus infection 32 3.13438 4.18E-06
rno05332 Graft-versus-host disease 27 2.982246 2.82E-05
rno04940 Type I diabetes mellitus 31 2.873765 1.78E-05
rno05330 Allograft rejection 26 2.754576 0.000135
rno04514 Cell adhesion molecules (CAMs) 75 2.741893 2.41E-11
rno04512 ECM-receptor interaction 39 2.663965 8.48E-06
rno04612 Antigen processing and presentation 39 2.663965 8.48E-06
rno05416 Viral myocarditis 34 2.55804 3.73E-05
rno05320 Autoimmune thyroid disease 27 2.502956 0.000441
rno04964 Proximal tubule bicarbonate reclamation 10 2.472056 0.035383
rno04640 Hematopoietic cell lineage 38 2.435433 3.59E-05
rno04672 Intestinal immune network for IgA production 20 2.35969 0.003868
rno04923 Regulation of lipolysis in adipocytes 25 2.317552 0.001579
rno04610 Complement and coagulation cascades 34 2.20631 0.000603
rno05140 Leishmaniasis 29 2.181858 0.001555
rno04970 Salivary secretion 28 2.169506 0.001734
rno04924 Renin secretion 26 2.142448 0.003209
rno05410 Hypertrophic cardiomyopathy (HCM) 32 2.102812 0.001623
rno05414 Dilated cardiomyopathy 33 2.089189 0.00162

Ma et al.,, 2016; Wang et al.,, 2016; Tallon and Farah, 2017).
However, with increasing age, the speed of nerve regenera-
tion and functional recovery greatly decreases (Kawabuchi
et al., 2011). We previously reviewed literature on the repair
efficacy of peripheral nerve injury in the upper limb from a
20-year period, to perform a univariate meta-analysis. The
results indicated that a 1-year increase in age had an odds
ratio of 0.97-0.98 for excellent recovery (He et al., 2014). For
example, if the regeneration ability following nerve injury in
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a newborn is 100%, the nerve regeneration ability after inju-
ry during old age (e.g., in a 60-year-old male) is only 16-30%
of that at birth. These results suggest that the “aging” factor
has a relatively large influence on nerve injury repair efficacy
(Esquisatto et al., 2014; Ugrenovi¢ et al., 2016; Scheib et al.,
2016; Castelnovo et al., 2017).

Some researchers suggested that the major factor influenc-
ing peripheral nerve regeneration in mammals, such as mice,
rats, and humans, is not neurons themselves but instead the
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decline of Schwann cell viability in peripheral nerves (Belin
etal., 2017; Plaza-Zabala et al., 2017). Kang et al. (2013) used
phase-contrast microscopy and immunohistochemistry to
detect the rate of nerve regeneration in mice at different
ages. The results showed that the axonal regeneration rate
of old animals does not markedly differ from that of young
animals. However, endoneurial tubes in old animals have
more nerve and myelin sheath debris to block the growth
of axons. Therefore, these researchers considered that the
“dedifferentiation-proliferation-differentiation” timing of
Schwann cells, and degree of Schwann cells impact the time
course of Wallerian degeneration to further influence the
rate of axonal regeneration. Painter et al. (2014) compared
the differences in gene expression in Schwann cells between
old and young mice. They demonstrated that the expression
levels of growth-factor-related coding genes (BTC, NGFR,
and BDNF) and mitosis-related genes (KIF2C, PBK, BIRCS5,
and CDC20) markedly decrease in old mice, while expres-
sion levels of myelination-associated genes (PMP2, MPZ,
MAL, and EGR?2) increase in old mice. These results suggest
that the dedifferentiation ability of Schwann cells declines in
old mice, thereby reducing the rate of nerve regeneration.

In the current study, we compared transcriptome gene ex-
pression in the sciatic nerve of rats at different ages and found
that 3608 groups of mRNAs were differentially expressed be-
tween adult rats (12 months old) and young rats (1 week old).
The upregulated genes were mainly concentrated in changes
in development, anatomical morphology, cell differentia-
tion, and the extracellular matrix. To validate the accuracy
of microarray sequencing, we selected 10 groups of genes
associated with proliferation, differentiation, myelination,
injury, and synaptic transmission for quantitative RT-PCR.
The results were compared with sequencing results to validate
their accuracy. The proliferation- and differentiation-related
genes included NGFR, ACVRIC, BTC, survivin (BIRC5)
and EGR2. The injury-related genes included JUN, and the
myelination-related genes included MBP and NCMAP. The
synaptic transmission-related genes included DLG2. The PCR
results demonstrated that the expression trends of all groups
of genes, except for BTC, were consistent with the microarray
results. Spearman correlation coefficient analysis showed that
the results of these two groups showed a positive correlation,
which further indicated the accuracy of the microarray se-
quencing. The growth, development, conduction, and repair
of peripheral nerves is a complex process. Although more
than 1000 groups of differential mRNA sequences were ob-
tained from the NGS array of sciatic nerves of rats at different
ages, further in-depth experimental studies, as well as the
function and regulatory method of deep mining of differen-
tial sequences, are required to fill the gap between age and
peripheral nerve structure and function.

Collectively, this study showed that gene expression in sci-
atic nerves differs between adult and young rats, and these dif-
ferences occur in genes involved in cell activity, proliferation,
differentiation, regeneration, myelination, and injury. These
results suggest that, in peripheral nerves, both cells and the
microenvironment change with age to influence the function

and repair of peripheral nerves. These results thus provide im-
portant theoretical bases for further studies on the relationship
between peripheral nerves, regeneration, and age.
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