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Identification of adhesion-associated DNA methylation
patterns in the peripheral nervous system
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Abstract. Schwann cells are unique glial cells in the periph-
eral nervous system. These cells provide a range of cytokines
and nutritional factors to maintain axons and support
axonal regeneration. However, little is known concerning
adhesion-associated epigenetic changes that occur in Schwann
cells after peripheral nerve injury (PNI). In the present
study, adhesion-associated DNA methylation biomarkers
were assessed between normal and injury peripheral nerve.
Specifically, normal Schwann cells (NSCs) and activated
Schwann cells (ASCs) were obtained from adult Wistar rats.
After the Schwann cells were identified, proliferation and
adhesion assays were used to assess differences between NSCs
and ASCs. Methylated DNA immunoprecipitation-sequencing
and bioinformatics analysis were used to identify and analyze
the differentially methylated genes. Reverse transcrip-
tion-quantitative PCR was performed to assess the expression
levels of adhesion-associated genes. In the present study, the
proliferation and adhesion assays demonstrated that ASCs had
a more robust proliferative activity and adhesion compared
with NSCs. Gene Ontology and Kyoto Encyclopedia of Genes
and Genomes enrichment analyses were performed to identify
methylation-associated biological processes and signaling
pathways. Protein-protein interaction network analysis
revealed that Fyn, Efnal, Jak2, Vav3, Flt4, Epha7, Crk, Kitlg,
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Ctnnbl and Ptpnll were potential markers for Schwann cell
adhesion. The expression levels of several adhesion-associated
genes, such as vinculin, BCARI scaffold protein, collagen type
XVII al chain and integrin subunit (36, in ASCs were altered
compared with those in NSCs. The current study analyzed
adhesion-associated DNA methylation patterns of Schwann
cells and identified candidate genes that may potentially regu-
late Schwann cell adhesion in Wistar rats before and after PNI.

Introduction

Peripheral nerve injury (PNI) poses a significant challenge
in the medical field worldwide, resulting in issues such as the
economic loss of the patient's family and society, physical
disability and mental shock (1-4). Symptoms caused by
various open and closed peripheral nerve injuries include
neuropathic palsy, motor dysfunction, muscle atrophy and
neuropathic pain (5-8). Pain reduction in patients with PNI is
an important area of focus in medicine. Previous studies have
demonstrated that Schwann cells serve an important role in
promoting axonal regeneration, myelin repair and functional
recovery in neuroregeneration (9-11).

Schwann cells have been the focus of research on neural
regeneration due to their ability to promote axon regenera-
tion (12-16). After PNI, Schwann cells turn into an ‘activated
state’ and acquire the capacity to migrate, proliferate and
secrete soluble mediators that control Wallerian degeneration
and axonal regeneration (17-20). Previous studies have demon-
strated that activated Schwann cells (ASCs) can be extracted
from pre-injured peripheral nerves (21,22). In brief, the sciatic
nerve was exposed through a dorsal the incision under general
anesthesia and ligated to allow pre-degeneration to take place.
One week later, the distal segment of the pre-degenerated
sciatic nerve was removed in order to isolate activated Schwann
cells. Furthermore, current research has focused on combining
ASCs with various biomaterials to repair nerve damage (23).
In 2012, Zhou et al (24) used human autologous activated
Schwann cells to repair spinal cord injury and achieved notable
results. Besides, ASCs also be combined with some scaffold as
one of the promising methods to treat spinal cord injury (25).
A previous study revealed that the survival of Schwann cells
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was enhanced by exposure to perfluorotributylamine through
the promotion of sciatic nerve regeneration (26).

DNA methylation, which directs transcriptional silencing
via heterochromatin formation, is a genetic marker for the
growth and development of a number of eukaryotes (27-29). As
one of the earliest epigenetic modifications to be recognized,
DNA methylation has been observed in numerous organ-
isms (30,31). Methylation of eukaryotic DNA typically occurs
at position 5 of cytosine to produce 5-methylcytosine (32).
A previous study reported that PNI led to DNA methylome
remodeling in rat dorsal root ganglion (33). These observations
suggest that the biological impact of DNA methylation should
not be underestimated. In our previous studies, a genome-wide
methylation analysis and isobaric tags for relative and abso-
lute quantitation (iTRAQ)-based proteomics profiling were
performed to compare normal Schwann cells (NSCs) and
ASCs (34,35). However, to the best of our knowledge, no
studies have compared the functional changes associated with
adhesion and proliferation between NSCs and ASCs.

In the present study, both NSCs and ASCs were isolated
from the sciatic nerve of Wistar rats and purified using differ-
ential adhesion methods. Subsequently, several assays were
performed, including proliferation and adhesion assays, reverse
transcription-quantitative (RT-q)PCR, bioinformatic analysis
and methylated DNA immunoprecipitation-sequencing
(MeDIP-seq) analysis.

Materials and methods

Ethics. All animal handling experimental protocols and
procedures were approved by the Animal Care and Use
Committee of Tianjin Medical University General Hospital
(Tianjin, China). Wistar rats (100+£10 g) were provided by the
Laboratory Animal Center of the Chinese People's Liberation
Army General Hospital (Beijing, China; Animal license
no. SCXK2012-0066).

Preparation of Schwann cells. Schwann cells were isolated
from the proximal section of the sciatic nerves of Wistar rats,
as previously described (36,37). All cells were cultured with a
culture medium contain Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc.) with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and
1% Antibiotic-Antimycotic (AA) in 5% CO, at 37°C. A total of
18 Wistar female rats (4 weeks, 100+10 g) were acclimatized for
>2 weeks under a humidity- and temperature-controlled envi-
ronment with a 12-h light/dark cycle before surgery. All rats had
free access to food and water, and the health and behavior of
rats were monitored once per day. Before surgery, all rats were
deeply anesthetized using 2% isoflurane to minimize suffering.
Subsequently, each rat received unilateral ligation of the sciatic
nerve. One week after surgery, all rats were euthanized using
5% isoflurane until respiration ceased and death ensued. There
were two groups in the present study: Group A, ASCs from
the ligated sciatic nerves of all rats (n=18); and Group B, NSCs
from the untreated sciatic nerves of all rats (n=18).

The euthanasia protocols and procedures of Tianjin
Medical University General Hospital are based on and consis-
tent with the Institutional Animal Care and Use Committee of
the University of Iowa (38). Additionally, 5% isoflurane was

used for sacrifice of the rats as previously described (39-41).
No other physical method was used as the second sacrifice
method. Two different methods were used in the present
study to confirm death: i) Heartbeat, heartbeat was assessed
for 10 min after euthanasia, and a lack of electrical activity of
the heart as determined by electrocardiogram; ii) respiratory
pattern, the respiratory pattern was assessed for 10 min after
euthanasia, and a lack of breathing for >10 min.

Characterization of Schwann cells. For immunofluorescence
labeling, Schwann cells from the different groups were
fixed in 4% paraformaldehyde (ChemCruz™ Biochemicals;
Santa Cruz Biotechnology, Inc.) at room temperature for
15 min. Subsequently, the cells were permeabilized with 0.1%
Triton X-100 (Sigma-Aldrich; Merck KGaA) at room tempera-
ture for 10 min and incubated with 5% normal goat serum
(Cell Signaling Technology, Inc.) at room temperature for
1 h. A primary rabbit anti-rat S100 (1:200; cat. no. ab52642;
Abcam) antibody was added to the cells and incubated at 37°C
for 2 h. Fluorescein isothiocyanate-conjugated goat anti-rabbit
IgG (1:500; cat. no. 111-545-003; Jackson ImmunoResearch
Laboratories, Inc.) was added as a secondary antibody. The
nucleus was stained with DAPI (Sigma-Aldrich; Merck KGaA)
at room temperature for 10 min. Finally, cells were observed
under an inverted fluorescence microscope (magnifica-
tion, x20; Leica Microsystems GmbH). All images were
imported into Zeiss confocal system (v3.0) for further analysis
and statistics.

Proliferation and adhesion assays. A WST-8 assay was used
for the second passages cells in order to investigate the cell
proliferation according to previous publications (42-44).
Briefly, Schwann cells were seeded into 96-well plates at a
density of 1x10° cells/well, the Cell Counting Kit-8 (Dojindo
Molecular Technologies, Inc.) solution was added to the
culture medium, and cells were incubated at 37°C for 1.5 h.
The absorbance was measured at 450 nm.

For cell adhesion assays, Schwann cells were seeded into
six-well plates (cat. no. SRP3186; Sigma-Aldrich; Merck
KGaA) coated with vitronectin at a density of 3x10° cells/well.
After 45 min of incubation at 37°C, cells were washed five
times with PBS (Gibco; Thermo Fisher Scientific, Inc.) and
fixed in 4% paraformaldehyde at room temperature for 15 min.
Adherent cells were stained with crystal violet (1% in ddH,0;
Sigma-Aldrich; Merck KGaA) at room temperature for 10 min.
Six fields of view/well (magnification, x200) were randomly
selected and the number of cells adherent to the bottom of
plates was counted manually with a counting chamber (Hausser
Scientific Co.) under the light scope (Zeiss AG) (45,46).

RT-qPCR. Total RNA was extracted from Schwann cells
using trizol reagent (Beijing Solarbio Science & Technology
Co., Ltd.). Total RNA (1 ug/sample) was reverse transcribed
(5 min at 20°C, 20 min at 46°C, 1 min at 95°C and held at
4°C) using a Reverse Transcription kit (Takara Bio, Inc.).
gPCR was performed with the SYBR Green PCR Master
Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.)
on a CFX96 Touch™ Deep Well Real-Time PCR Detection
system (Bio-Rad Laboratories, Inc.) according to previous
publications (47,48). Briefly, the thermal program consisted of
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NCBI Product Annealing
Gene accession no. length Forward primer, 5'-3' Reverse primer, 5'-3' temperature, °C
B-actin  NM_031144.3 85 AGCGTGGCTACAGCTTCACC AAGTCTAGGGCAAC 57.5
ATAGCACAGC

Ezr NM_019357.1 190 TGGACGACCGTAACGAGGA CTGATCTGCCGCAGCGT 58.6
GAAG CTTATAC

Itgb6 XM_017591686.1 132 GCTCATCGGTGTCGTGCTA CCTCGGTACAGCGGATTG 582
CTG GTTC

Lamcl NM_053966.2 173  AACGAGGTGAATGGCAT TGGCTGAGGAGGCTGCT 58.6
GTTGAGG GAC

Col3al NM_032085.1 177  GACACGCTGGTGCTCAAG GTTCGCCTGAAGGACCTCG 58.6
GAC TTG

Vel XM_0062516393 162 AAGGCAAGATTGAGCAGG CACGGTCACACTTGGCGA 58.8
CACAG GAAG

Col5a3 XM_017595884.1 86 TCAGGTGACCACAGGC TTGATGGTGGCTGCTGTTG 58.7
ACTCTATC TCTG

Stat5a  NM_017064.1 102 GACCATCATCAGCGAGCA TACTCCATGACGCAGCAGT 583
GCAG TGTTC

Coll8al NM_053489.2 153 GAGTCAACAGTTCCTAC TGCCTGCATCGCCAACACTG 583
GCACCAG

Bcarl  XM_006255629.3 82 AGCACACGCAGCAGCCAATC CCACAGCAACTTCCAGCTC 58.6

CAG

Vel, vinculin; Bearl, BCARI1 scaffold protein; Lamc!, laminin subunit y1; Col5a3, collagen type V a3 chain; Coll8al, collagen type XVIII al
chain; Ezr, ezrin; Itgb6, integrin subunit 36; Col3al, collagen type III al chain; NCBI, National Center for Biotechnology Information.

2 min at 95°C, then 40 cycles of amplifications, 5 sec at 95°C
for denaturation, 5 sec at 65°C for annealing, and 5 sec at 95°C
for extension. Each sample was analyzed in triplicate. The data
were then calculated using the 224% formula with reference to
the basal controls. $-actin was used as an internal control. The
expression levels of nine genes, namely vinculin (Vcl), BCAR1
scaffold protein (Bcarl), laminin subunit yl (Lamcl), collagen
type V a3 chain (Col5a3), collagen type XVIII al chain
(Coli8al), ezrin (Ezr), integrin subunit B6 (Itgh6), collagen
type IIT al chain (Col3al) and Stat5a, were evaluated in both
NSCs and ASCs. Primer3 (v0.4.0) software was used for all
PCR primer design. All primers are listed in Table I.

MeDIP-seq. MeDIP-seq was used to detect each sample
according to the protocol of a previous study (Annoroad
Genomics) (49). Briefly, 5 ug DNA from each group (with
two duplicates) was sonicated (20 kHz) at 4°C for 10 min to
produce DNA fragments (100-500 bp). Adapter-ligated DNA
was immunoprecipitated at room temperature for 2 h using
an anti-5-methylcytosine monoclonal antibody (1:1,000;
cat. no. ab214727; Abcam). Subsequently, RT-qPCR analysis
was performed to verify the specificity of the immunoprecipi-
tated fragments. A 200-300 bp DNA fragment was purified
using a DNA Clean and Concentrator-5 column (D4003;
Zymo Research Corp.). The amplicon quality and quantity
were assessed using a 2100 analyzer DNA 1000 chip (Agilent
Technologies, Inc.). MeDIP library was sequenced on an
[1lumina HiSeq 2000 Sequencing system (Illumina, Inc.).

Bioinformatics analysis. The adhesion-associated differential
methylation regions (DMRs) between NSCs and ASCs were
identified (mean difference, =20; P<0.05). All genes containing
DMRs were used for Kyoto Encyclopedia of Genes and
Genomes (KEGG) functional enrichment analysis and Gene
Ontology (GO) analysis using the Database for Annotation,
Visualization and Integrated Discovery (https://david.ncifcrf.
gov/list.jsp) (50). The biological processes (BPs), cellular
components (CCs) and molecular functions (MFs) of differen-
tially expressed genes were evaluated in detail in GO analysis,
while KEGG pathway analysis was used to investigate the
systemic functional, chemical and genomic information of
differentially methylated genes. P<0.001 was used to denote
the significance of GO and KEGG pathway enrichment in
the differentially methylated genes (mean difference =20,
P<0.001).

Protein-protein interaction (PPI) network analysis. The infor-
mation of the interaction of proteins, and neighborhood, gene
fusions were provided using the Search Tool for the Retrieval
of Interacting Genes (STRING) database (a publicly avail-
able database; http:/string-db.org/) (51). In the present study,
the input gene sets were gene modules and the species was
Rattus norvegicus. To further explore the potential relevance
of the differentially methylated genes in Schwann cells, an
evidence threshold >0.9 was set as the cut-off value. The core
genes were selected by the interaction with other genes and
further verified by RTq-PCR.
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Figure 1. Culture and identification of Schwann cells. (A, D) The shape of NSCs and ASCs under an optical microscope, all cells were arranged in a long
spindle shape and nucleus was oblong or ovoid. Scale bar: 200 um (B, E, G) Adhesion assay of Schwann cells. Scale bar: 100 um. (C, F) Immunofluorescent
staining images of s100, DAPI, and Merge of NSCs and ASCs. (H) Proliferation assay of ASCs and NSCs. “P<0.05; “P<0.01; ““P<0.001. Scale bar, 50 ym.
NSCs, normal schwann cells; ASCs, activated schwann cells; OD, optical density; Au, absorbance units.

Statistical analysis. GraphPad Prism statistical software
(version 8.0.2; GraphPad Software, Inc.) was used to perform
data analysis. Statistical differences between two groups were
analyzed using paired Student's t-test. All data are presented as
the mean + SEM. All experiments were repeated in triplicate.
P<0.05 was considered to indicate a statistically significant
difference.

Results

ASCs exhibit a stronger proliferative capacity than NSCs.
To investigate whether there were proliferation differences

between ASCs and NSCs, a cell proliferation assay was
performed. Both groups exhibited a sustained proliferation
rate. ASCs exhibited a significantly higher proliferation activity
after 4,6 and 7 days compared with NSCs. However, no marked
morphological differences were observed between the two
groups when observed under an optical microscope (Fig. 1A).
Furthermore, adhesion experiments were used to further
verify whether adhesion of Schwann cells changed after PNI.
The number of cells adherent to the bottom of the plates was
counted. ASCs exhibited a significantly increased capacity of
adhesion compared with NSCs (Fig. 1B). Additionally, both
NSCs and ASCs were positive for S100 protein as revealed
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Figure 2. Expression signatures of differential methylation genes after PNI. (A) Concise experimental procedure for the Methylated DNA immunoprecipitation-
sequencing. (B) Differential methylation genes were classified according their genomic architecture after PNI. (C) Chromosome distribution showed the numbers of
regulated genes located at different chromosomes. (D) Heat map of nine aberrantly expressed genes. Vcl, vinculin; Bearl, BCAR1 scaffold protein; Lamcl, laminin
subunit y1; Col5a3, collagen type V a3 chain; Coll8al, collagen type XVIII al chain; Ezr, ezrin; Itgb6, integrin subunit $6; Col3al, collagen type III al chain;
MeDIP-seq, methylated DNA immunoprecipitation-sequencing; PNI, peripheral nerve injury; ch, chromosome; NSC, normal Schwann cell; ASC, activated Schwann

cell; gPCR, quantitative PCR.

by immunocytochemical staining under a fluorescence micro-
scope (Fig. 1C).

Identification of adhesion-associated DMRs after PNI.
Specific experimental procedures for MeDIP-seq are shown
in Fig. 2A. A total of 429 differentially methylated genes
associated with Schwann cell adhesion were identified. After
PNI, DMRs were classified into seven major groups according
to the genomic location, including distal intergenic (56.6%),
intron (29.3%), exon (7.0%), promoter (2.8%), 3'-untrans-
lated region (UTR; 1.2%), 5'-UTR (0.5%) and downstream
(2.6%) (Fig. 2B). The chromosomal distribution of these
DMRs after PNI is shown in Fig. 2C. In terms of chromo-
somal distribution, chromosome 2 had the greatest number of
differentially methylated genes. Among all 429 differentially
methylated genes, nine genes were selected according to
the gene interaction with other genes, including: Vcl, Bearl,
Lamcl, Col5a3, Coll8al, Ezr, Itgh6, Col3al and Stat5a. All of
these nine aberrantly expressed genes are shown in a heat map
in Fig. 2D. For the heat map of this study, the expression of

Bcarl and Lamcl exhibited a high level in ASCs compare with
the NSCs. Besides, the expression of Vcl, Col5a3, Coll8al,
Ezr, Itgb6, Col3al and Stat5a exhibited a low level in ASCs
compare with the NSCs.

Analysis of functional categories of differentially meth-
vlated genes. The results of GO analysis are shown in
Fig. 3A. The differentially methylated genes were signifi-
cantly enriched in BPs, including ‘regulation of biological
process’ (GO:0050789), ‘regulation of cellular process’
(GO:0050794), ‘biological regulation” (GO:0065007),
‘cell adhesion’ (GO:0007155) and ‘cellular process’
(G0O:0009987). The enriched CCs included ‘cell periphery’
(GO:0071944), ‘plasma membrane’ (GO:0005886), ‘cell
part’ (GO:0044464), ‘membrane’ (GO:0016020) and
‘membrane part’ (GO:0044425). The enriched MFs included
‘binding’ (GO:0005488), ‘protein binding’ (GO:0005515),
‘signaling receptor binding’ (G0O:0005102), ‘ion binding’
(GO:0043167) and ‘carbohydrate derivative binding’
(GO:0097367).
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Figure 3. Bioinformatics analysis. (A) GO and (B) KEGG pathway analysis of adhesion-associated differentially expressed genes in schwann cells.
(C) ITGA/ITGB, ROCK, Fyn and Crk may be associated with cell proliferation and survival through the focal adhesion pathway. GO, Gene Ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes; DMGs, differentially methylated genes; ECM, extracellular matrix.

KEGG pathway analysis results are shown in Fig. 3B.
Of all adhesion-associated differentially methylated genes,
the 15 most enriched pathways were selected. According to
the KEGG pathway analysis results, differentially methyl-
ated genes were significantly enriched in ‘Cell adhesion
molecules’, ‘Cytokine-cytokine receptor interaction’, ‘Focal
adhesion’, ‘Pathways in cancer’, ‘Axon guidance’, ‘Chemokine
signaling pathway’, “Tight junction’, ‘Th17 cell differentiation’,
‘Leukocyte transendothelial migration’, ‘PI3K-Akt signaling
pathway’, ‘Adherens junction’, ‘Hematopoietic cell lineage’,
‘ECM-receptor interaction’, ‘M APK signaling pathway’ and

‘Proteoglycans in cancer’. The differentially methylated genes
in ASCs compared with NSCs involved in the ‘Focal adhesion’
pathway are shown in Fig. 3C.

ITGA/ITGB, ROCK, Fyn and Crk were the differential
methylated genes detected in MeDIP-seq, suggesting that
these genes may be associated with actin polymerization,
cell proliferation and survival through the focal adhesion
pathway.

PPI network analysis. PPI network analysis was performed
using STRING. The PPI network of differentially methylated
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Figure 4. Bioinformatics analysis and verification by RTq-PCR. (A) PPI network analysis of adhesion-associated differentially expressed genes in schwann
cells. (B) The top 10 high-degree hub nodes in the PPI network. (C) Expression levels of adhesion-associated genes verified via reverse transcription-quanti-
tative PCR. Values are expressed as the mean + SEM. "P<0.05; “P<0.01; “"P<0.001 vs. NSCs. PPI, protein-protein interaction; NSCs, normal Schwann cells;
ASCs, activated Schwann cells; GO, Gene Ontology; Vcl, vinculin; Bearl, BCARI scaffold protein; Lamcl, laminin subunit y1; Col5a3, collagen type V a3

chain; Coll8al, collagen type XVIII al chain; Ezr, ezrin; Itgb6, integrin subunit $6; Col3al, collagen type III al chain.

genes is shown in Fig. 4A. A total of 294 nodes and 205
interaction pairs were included in the network. Some proteins
involved in the ‘Focal adhesion’ pathway, such as Lamcl,
Lamc2, Itgall, Bcarl, Fyn, Rock2, FIt3, Kdr and Pgf, were
central nodes in the present network. Some proteins involved
in the ‘Cell adhesion molecules’ pathway, such as Sdc3, Cd276,
Ptprc, Cd86, Lcaml and Alcam, were also central nodes in
the network. The top 10 high-degree hub nodes included Fyn,

App, Ptpnll, Jak2, Cxcll13, Crk, Ctnnbl, Efnal, Kitlg and
Epha7 (Fig. 4B). Among these proteins, Fyn was the node with
the highest degree.

Validation of differentially expressed genes via RT-gPCR. To
further investigate the changes in cell adhesion, RT-qPCR was
performed to explore several known adhesion-associated genes
(Vel, Bearl, Lamcl, Col5a3, Coll8al, Ezr, Itgh6, Col3al and
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Stat5a) in NSCs and ASCs. Among these genes, Bcarl expres-
sion was significantly upregulated, while the expression levels
of Vel, Coll8al and Itgh6 were significantly downregulated in
ASCs compared with in NSCs (Fig. 4C). The present results
indicated that these genes may cause changes in Schwann cell
adhesion after PNI.

Discussion

DNA methylation, histone modification and non-coding
RNA regulation have been studied in previous epigenetic
research (31,52-54). In our previous studies, genome-wide
methylation analyses and iTRAQ-based proteomics profiling of
Schwann cells after PNI were performed (23,35). The Schwann
cell phenotype induced by DNA methylation is known to change
after PNI, but this phenomenon requires further investiga-
tion (55-57). In the present study, a unilateral sciatic nerve injury
model was established using the proximal region of the sciatic
nerve in Wistar rats. A previous study reported differences in the
expression of immunomodulatory genes between the proximal
and distal segments after PNI (58). Future studies should investi-
gate DNA methylation changes between the proximal and distal
segments after PNI. The present study identified and characterized
Schwann cells, and revealed that the proliferative and adhesive
abilities of ASCs were stronger than those of NSCs. Additionally,
MeDIP-seq was used to identify epigenetic changes between
NSCs and ASCs. A total of 429 adhesion-associated differentially
methylated genes and 15 closely associated signaling pathways
were identified. After performing GO, KEGG signaling pathway
and PPI network analyses, the genes of heat map were verified by
RT-gqPCR and were determined to be potential regulators of rat
Schwann cell proliferation and adhesion.

The present study investigated epigenetic changes that
occurred after nerve injury. Among the adhesion-associated
differentially methylated genes identified in the present study,
several important genes have been implicated in cell adhe-
sion or proliferation, including Bcarl, Col5a3, Coli8al, Ezr,
Col3al and Stat5a (59-61).

Notably, Bcarl was one of the differentially methylated genes
identified in the present study. Bcarl is a vital scaffolding protein
that modulates numerous essential cellular processes (62,63). It
belongs to the Crk-associated substrate family of scaffolding
proteins (64). There is increasing evidence that Bcarl serves
a crucial role in cell-extracellular matrix adhesion, tissue
homeostasis and pathogenesis of Kaposi's sarcoma-associated
herpesvirus (65). Furthermore, the lack of Bcarl in some cells
may lead to altered integrin signaling, which is reflected by
aberrant basal membrane adhesion (63). This is consistent with
the expression of changes in core genes that affect adhesion in
Schwann cells after PNI, as shown in the present study.

In the KEGG analysis in the current study, the differen-
tially methylated genes were significantly enriched in several
pathways, including ‘cell adhesion molecules’, ‘cytokine-cyto-
kine receptor interaction’ and ‘focal adhesion’ pathways. It has
been reported that the focal adhesion pathway is regulated by
microRNA (miR)-29s, while the Lamcl gene is a candidate
target of miR-29s regulation (66). This indicates that Lamcl
may regulate the focal adhesion pathway indirectly through
miR-29s. Additionally, a previous study demonstrated that
the presence of Lamcl may promote the migration without

affecting the proliferative activity of prostate cancer cells (66).
After PPI network analysis of the differentially methylated
genes, the top 10 high-degree hub nodes included Fyn, Efnal,
Jak2, Vav3, Flt4, Epha7, Crk, Kitlg, Ctnnbl and Ptpnll.

Although the current study revealed numerous epigen-
etic changes after PNI in Wistar rats, some limitations
were noted. First, even though it has been reported that
rats are useful animal models for experimental studies of
peripheral neuropathology and repair, future experiments
should focus on large animals and primate models (67,68).
Second, the present study used unilateral ligation of one
sciatic nerve, while the other nerve served as the control.
However, it is unclear whether unilateral ligation of one
sciatic nerve may affect the other nerve. A previous study
reported that the recoveries observed using an upper limb
model were faster, and the time required for function resto-
ration was shorter, compared with the model of sciatic nerve
injury (69). Additionally, the sciatic nerve cannot represent
all the peripheral nerves. Third, it should be noted that the
current study only examined the adhesion and proliferation
of Schwann cells. Schwann cells have numerous additional
functions that occur before and after PNI, including cell
migration, cell secretion and axonal regeneration, which
require further research.

In conclusion, the present results provided novel informa-
tion concerning basic Schwann cell adhesion. However, in vitro
culture, amplification and purification of Schwann cells are
complex processes. It is challenging to obtain Schwann cells
in sufficient numbers, with substantial purity and biological
activity, no immune rejection and limited proliferation char-
acteristics (70). Proliferation, adhesion and migration may
markedly change with the epigenetic changes that occur in
ASCs. Therefore, Schwann cell transplantation in peripheral
nerve repair requires to overcome numerous difficulties (71).
The present study performed bioinformatics analyses of DNA
methylation patterns associated with Schwann cell adhesion
and proliferation. A total of 429 differentially methylated
genes were identified in ASCs compared with in NSCs.
Among these genes, Vcl, Becarl, Coll8al and Itgb6 may affect
cell adhesion after PNI. The screened genes and pathways
suggested potential candidates for further study of epigenetic
mechanisms associated with Schwann cells.
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