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Purpose: Wallerian degeneration (WD) is an antegrade degenerative process distal to peripheral nerve
injury. Numerous genes are differentially regulated in response to the process. However, the underlying
mechanism is unclear, especially the early response. We aimed at investigating the effects of sciatic nerve
injury on WD via CLDN 14/15 interactions in vivo and in vitro.
Methods: Using the methods of molecular biology and bioinformatics analysis, we investigated the
molecular mechanism by which claudin 14/15 participate in WD. Our previous study showed that
claudins 14 and 15 trigger the early signal flow and pathway in damaged sciatic nerves. Here, we report
the effects of the interaction between claudin 14 and claudin 15 on nerve degeneration and regeneration
during early WD.
Results: It was found that claudin 14/15 were upregulated in the sciatic nerve in WD. Claudin 14/15
promoted Schwann cell proliferation, migration and anti-apoptosis in vitro. PKCa, NT3, NF2, and bFGF
were significantly upregulated in transfected Schwann cells. Moreover, the expression levels of the b-
catenin, p-AKT/AKT, p-c-jun/c-jun, and p-ERK/ERK signaling pathways were also significantly altered.
Conclusion: Claudin 14/15 affect Schwann cell proliferation, migration, and anti-apoptosis via the b-
catenin, p-AKT/AKT, p-c-jun/c-jun, and p-ERK/ERK pathways in vitro and in vivo. The results of this study
may help elucidate the molecular mechanisms of the tight junction signaling pathway underlying pe-
ripheral nerve degeneration.
© 2021 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Wallerian degeneration (WD) is a complex phenomenon that
occurs distal to peripheral nerve injury.1,2 Structural changes
develop at the distal end of the damaged nerve and lead to com-
plete nerve disintegration.3e5 Changes in the expression levels of
numerous genes and proteins happen during degeneration and
create conditions conducive to nerve repair and regeneration.6 This
process depends mainly on the Schwann cells (SCs) in the periph-
eral nervous system (PNS). SCs are glial cells that form part of the
axon sheath surrounded by peripheral nerves.7,8 Moreover,
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macrophages are associated with the inflammatory responses
induced by nerve damage. However, the specific response mecha-
nism has not been fully elucidated.9

The cell junction complex comprises gap junction, hemides,
adherens, and tight junction (TJ) proteins.10 TJ consists of the closed
proteins claudins (CLDNs), the occlusion protein occludin, junction
adhesion molecules (JAMs), three intact membrane proteins, and
closed small loop proteins (ZO-1, ZO-2, and ZO-3). The cytosolic
protein composition11 increases the mechanical strength, barrier
function, and cell polarity of intercellular connections. CLDNs are
the main components of TJ, constitute its skeleton, and maintain its
various functions. Claudin 14 (CLDN 14) is affected by calcium ions.
Foods with high calcium levels promote CLDN 14 mRNA and
upregulate CLDN 14.12e15 CLDN 15 has cation-selective perme-
ability. CLDNs affect extracellular loop interactions often restricted
to tight junction structures. The loss of function and structure often
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found contribute to cell apoptosis. CLDNsmay also interact with the
extracellular components to alter cell behavior. The expression
changes of CLDNs may induce apoptotic response and cells
migration.12e16 However, the roles of CLDN 14 and CLDN 15 in nerve
degeneration and regeneration are seldom reported.

Previously, we analyzed a rat distal sciatic nerve transection
model by DNA and protein chips. A large number of genes were
either up regulated or down regulated in the early WD degenera-
tion after sciatic nerve injury. We have reported some key factors
such as CLDN 14, CLDN 15, ITG, Acvr1c, Birc3, Bid and CCL etc.,
which regulated gene expression in injured rat sciatic nerves dur-
ingWD.We have explored the effect of CLDN 14 and CLDN 15which
regulate the early WD following rat sciatic nerve injury in vivo and
in vitro.16,17 Nevertheless, the molecular mechanisms of CLDN 14
and CLDN 15 interactions in early WD are poorly understood. We
hypothesized that CLDN 14/15 may participate in degeneration and
regeneration after nerve injury. In the present study, then, we
investigated the effects of sciatic nerve injury on WD via CLDN 14/
15 interactions in vivo and in vitro.
Methods

Animal models for WD

Male Sprague-Dawley ratswere acquired from the Experimental
Animal Center of Nantong University, Nantong, Jiangsu, China. They
each weighed about 220 g and were randomly divided into six
groups with six animals per group. They were then anesthetized
and their sciatic nerves were incised. The rats were sacrificed on
day 4, 7, 14, and 21 after treatment. One group of rats was treated
immediately after sciatic nerve surgery.6e8 The expression levels of
CLDN 14/15 in the injured sciatic nerves were measured by RT-PCR
at 0 h, 0.5 h, 4 days, 7 days,14 days, and 28 days after surgery. The 0-
h rats underwent a sham operation. The experiments were
repeated three times and the means were calculated.
Table 2
qRT-PCR primers.

Gene Sequence

CLDN 14 F:50-AGACCACCTTCGCGGTGTT-30

CLDN 15 R:50-CGCTTGGCAGGGTGTTTGGTCATA-30

F:50-CGGGCAGAAGCAATCAGAC-30

R:50-AAGACTGAGGAGGGAGAAGGTT-30

Bcl2 F:50-GCAGAGATGTCCAGTCAGC-30

R:50-CCCACCGAACTCAAAGAAGG-300

Bax F:50-TGCAGAGGATGATTGCTGAC-30
SC culture and transfection

One-day-old rats were selected for sciatic nerve SC culture.17,18

The SCs were grown in 10% (w/v) fetal bovine serum (FBS) and
100 IUmL-l penicillin and 100 mg mL-l streptomycin (Sigma-Aldrich
Corp., St Louis, MO, USA). The cells were treated with anti-Thy1.1
antibody to remove any fibroblasts. Immunofluorescence with the
specific SC marker S100 confirmed that the cell culture was 98% SC.
The SCs were then transfected with CLDN 14 and CLDN 15 siRNAs
(Ribobio, Guangzhou, China. The transfection efficiency was about
50%e60% in purified SCs), and with pEGFP-c1-CLDN 14 and pEGFP-
c1-CLDN 15 recombinant plasmids (The transfection efficiency was
about 180%e220%). The siRNA primers are presented in Table 1.
CLDN 14/15-siRNA were mixed and injected into the sciatic nerve
injuries (The transfection efficiency was about 30%e40%). pEGFP-
c1-CLDN 14/15 recombinant plasmidsweremixed and injected into
Table 1
CLDN 14/15 small interfering (si) RNA primers.

Gene Sequence

si-CLDN 14 F: 50-CGAAUGAUGUGGUGCAGAAU-30

R: 50-UUCUGCACCACAUCAUUCGU-30

si-CLDN 15 F: 50-GGAACGUCAUCACCACUAACA-30

R: 50-UUAGUGGUGAUGACGUUCCCA-30

NC F: 50-UUCUCCGAACGUGUCACGUTT-30

R: 50-ACGUGACACGUUCGGAGAATT-30

siRNA: small interfering RNA, F: forward, R: reverse, NC: negative control.
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the sciatic nerve injuries (The transfection efficiency was about
120%e160%).
RNA isolation and qRT-PCR

RNAwas extracted from the modeled distal sciatic nerves at 0 h,
0.5 h, 4 days, 7 days, 14 days, and 28 days and the in vitro SCs were
subjected to qRT-PCR. The qRT-PCR primers used are presented in
Table 2. The relative expression levels of each mRNA were calcu-
lated by the 2�DDCt method. The data were statistically analyzed
and differences were considered significant at p < 0.05.
Western blot analysis

The distal protein extracts from the modeled sciatic nerves at
0 h, 0.5 h, 4 days, 7 days, 14 days, and 28 days and the extract
proteins of the SCs cultured in vitroweremeasured bywestern blot.
The classical signaling pathway proteins AKT, p-AKT, ERK, p-ERK, c-
Jun, and p-c-Jun were used to assess the effects of CLDN 14/15 on
WD.
Cell migration assay

The migration of cultured SCs was evaluated in Transwell cell
culture chambers (Costar, Cambridge, MA, USA). The SCs were
transferred to the upper chamber of each Transwell and complete
medium was injected into each of the lower chambers. At a pre-
determined time point, the unmigrated cells were removed with
cotton swabs. Methanol was added to fix the migrated cells and
they were stained by dropwise addition of crystal violet solution.
The cells were observed under a microscope (Leica Microsystems,
Wetzlar, Germany) and counted.
Cell proliferation assay

The proliferation of cultured SCs was determined with a Cell-
Light EdU DNA Cell Proliferation Assay Kit (Ribobio, Guangzhou,
China). Transfected SCs were resuspended in complete medium,
counted, and transferred to poly-L-lysine-coated 96-well plates.
The SCs were fixed with formaldehyde in phosphate-buffered
R:50-GATCAGCTCGGGCACTTTAG-30

bFGF F:50-CCCGCACCCTATCCCTTCACAGC-30

R:50-CACAACGACCAGCCTTCCACCCAAA-30

NT3 F:50-GACAAGTCCTCAGCCATTGACATTC-30

R:50-CTGGCTTCTTTACACCTCGTTTCAT-30

Nf2 F:50-CTGGGATTGGGTTCATGGGTGGAT-30

R:50-AGGAAGCCCGAGAAGCAGAGCG-30

PKCa F:50-GAACACATGATGGACGGGGTCACGAC-30

R:50-CGCTTGGCAGGGTGTTTGGTCATA-30

GAPDH F:50-TGGAGTCTACTGGCGTCTT-30

R:50-TGTCATATTTCTCGTGGTTCA-30

F: forward, R: reverse, bcl2: B-cell lymphoma 2, Bax: Bcl-2-associated X protein,
bFGF: basic fibroblast growth factor, NT3: neurotrophin-3, Nf2: neurofibromin 2,
PKCa: protein kinase C a GAPDH: glyceraldehyde 3-phosphate dehydrogenase.
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saline (PBS), observed under a microscope (Leica Microsystems,
Wetzlar, Germany) and subjected to proliferation analysis.

Flow cytometry

Cultured SCs were analyzed for apoptosis with a Flow Collect
Annexin Red Kit (Millipore, Bedford, MA, USA). The cells were
digested with 0.125% (w/v) trypsin for 20 s, centrifuged, and
resuspended in assay buffer. Annexin V solution was added to each
sample. The suspensions were then incubated and resuspended.
Then 7-AADwas added to the suspensions and theywere incubated
in the dark. The cells were then examined for apoptosis by flow
cytometry (BD Biosciences, San Jose, CA, USA).

Immunofluorescence

The cultured SCs were fixed, washed with Tris-buffered saline
(TBS), permeabilized with 0.1% (w/v) Triton X-100, blocked with
10% (v/v) goat serum, and diluted with primary and secondary
antibodies. The SCs were imaged with a Zeiss bright field fluores-
cence microscope (Carl Zeiss AG, Oberkochen, Germany) and
Improvision image analysis software (Improvision, Coventry, UK).

Statistical analysis

Data were processed by statistical analysis using SPSS 15.0 for
Windows (SPSS, IL, USA). Group differences were analyzed using
one-way analyses of variance as appropriate. All data are expressed
as mean ± standard deviation. A p value less than 0.05 is considered
statistically significant.

Results

CLDN 14 and CLDN 15 expression in injured sciatic nerves and SCs

The expression levels of CLDN 14 (Fig. 1A) and CLDN 15 (Fig. 1B)
at various time points in the distal part of the sciatic nerve were
evaluated by RT-PCR. At the early stage of WD, the protein
expression levels of CLDN 14 and CLDN 15 at the distal end of the
sciatic nerve initially increased then decreased. Data were pro-
cessed by ANOVA and Scheff�e’s post hoc tests (p < 0.05).

CLDN 14/15 expression levels influenced SC proliferation

We measured the expression levels of the CLDN 14/15 siRNAs
and overexpression of the CLDN 14/15 plasmids after they were
transfected into SCs. CLDN 14 and CLDN 15were downregulated. An
Fig. 1. Expression of CLDN 14 and CLDN 15 at various time points in the distal part of rat sc
sciatic nerve transection; (B) Real-time CLDN 15 gene expression at various distal points af

376
EdU assay on SC proliferation was also performed. It revealed that
after inhibition of CLDN 14/15 expression, SC proliferation in both
the experimental and control groups (Fig. 2A and B) significantly
decreased (Fig. 2E). Thereafter, CLDN 14/15 were upregulated and
proportions of proliferating SCs in the experimental and control
groups (Fig. 2C and D) significantly increased (Fig. 2F). Therefore,
CLDN 14/15 upregulation may promote SC proliferation in vitro.
CLDN 14/15 expression affected SC migration

The CLDN 14/15 siRNA and overexpressing recombinant plas-
mids were transfected into SCs and migration was analyzed by a
Transwell assay. CLDN 14/15 were significantly downregulated af-
ter their expression was inhibited (Fig. 3A and B). After CLDN 14/15
were upregulated, the experimental and control groups were
compared. The proportions of cellular migration (Fig. 3C and D) had
significantly increased (Fig. 3F). Therefore, CLDN 14/15 promotes SC
migration.
Changes in the expression of related genes after SC transfection

RT-PCR was used to detect changes in the expression of certain
neurotrophic factors after CLDN 14/15 interference and over-
expression. There were significant differences in the expression of
factors regulating SC migration, proliferation, and apoptosis after
CLDN 14/15 interference and overexpression in SCs. The mRNA
levels of PKC-a, NT3, NF2, Bax, and Bcl-2 changed significantly after
CLDN 14/15 downregulation (Fig. 4A). After subsequent CLDN 14/15
upregulation, PKC-a and bFGF were detected. The mRNA levels of
NT3, NF2, Bax, and Bcl-2 changed significantly (Fig. 4B). Thus, CLDN
14/15 may affect expression of the genes regulating SC function.
Effects of CLDN 14/15 on SC apoptosis

The recombinant plasmids bearing siRNA and overexpressing
CLDN 14/15 were transfected into SCs. CLDN 14/15 were down-
regulated and SC apoptosis was evaluated. After siRNA interfered
with CLDN 14/15 expression, SC apoptosis was detected by flow
cytometry. The apoptosis rate was higher than that of the control
group (Fig. 5A, B, and 5E). In contrast, the apoptosis rate of SCs
transfected with recombinant plasmids overexpressing CLDN 14/15
was significantly reduced (Fig. 5C, D, and 5F). Therefore, CLDN 14/15
may have anti-apoptotic effects on SCs.
iatic nerve injury. (A) Real-time CLDN 14 gene expression at various distal points after
ter sciatic nerve transection. *p < 0.05.



Fig. 2. EdU proliferation assay after SCs transfection. (A) NC control group for CLDN 14 and CLDN 15 siRNA transfection; (B) CLDN 14 and CLDN 15 siRNA target group; (C) pEGFP-c1
empty plasmid control group; (D) pEGFP-c1-CLDN 14/15 plasmid. The experimental group was expressed. Blue indicates SC nuclei and red indicates the number of proliferating cells
according to EdU. (E, F) Graphs of the cell proliferation rates according to EdU.
**p < 0.01; *p < 0.05. Bar ¼ 50 mm.

Fig. 3. Transwell cell migration assay after SC transfection. (A) NC control group for siRNA interference in CLDN 14 and CLDN 15 cells; (B) Experimental group of CLDN 14 and CLDN
15 siRNA interference; (C) pEGFP-c1 empty vector control group; (D) pEGFP-c1-CLDN 14/15 plasmid. The experimental group was expressed. Purple indicates cells migrating
through the chamber. (E, F) Results of the Transwell cell mobility assay.
***p < 0.001. Bar ¼ 100 mm.
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Differential expression of related proteins in SCs

After detecting the differences in expression of the related
genes, we usedwestern blot to identify the changes in expression of
the signaling pathway proteins involved in SC migration, prolifer-
ation, and apoptosis (Fig. 6A). The expression levels of b-catenin, p-
AKT/AKT, pc-jun/c-jun, and p-ERK/ERK had significantly changed
after interference (Fig. 6BeE). There were no significant differences
between treatments in terms of c-fos expression (Fig. 6F). The
expression levels of the related proteins after overexpression were
evaluated by western blot. The expression levels of b-catenin, p-
AKT/AKT, pc-jun/c-jun, and p-ERK/ERK had significantly changed
377
after overexpression (Fig. 6BeE). There were no significant differ-
ences between treatments in terms of c-fos expression (Fig. 6F).
Changes in expression of related genes after SC transfection

The preceding experiments demonstrated that CLDN 14/15 may
interact with SCs. Moreover, cytokines and pathway proteins
interact with CLDN 14/15 to influence and regulate SC function.
Here, qRT PCR was used to measure changes in the expression of
certain neurotrophic factors after 7 days and 14 days of CLDN 14/15
interference and overexpression. There were significant differences
in the expression levels of the factors controlling SC migration,



Fig. 4. RT-PCR analysis of related gene expression after interference and over-
expression of CLDN 14- and CLDN 15-transfected SCs. (A) Differential expression pat-
terns of certain factors after CLDN 14 and CLDN 15 interference according to RT-PCR.
NC is the negative control group and siRNA-CLDN 14/15 is the experimental group. (B)
Differential expression of the related factors after CLDN 14 and CLDN 15 over-
expression. pEGFP-c1 is the empty control group and pEGFP-c1-CLDN 14/15 is the
overexpressing experimental group.
*p < 0.05; **p < 0.01.

Fig. 5. Detection of apoptosis by flow cytometry with Annexin V after transfection. (A) Con
assay group of CLDN 14 and CLDN 15 siRNA-CLDN 14/15; (C) pEGFP-c1 empty vector contro
Apoptosis ratio analyses; (E, F) Apoptosis rates after cell transfection.
**p < 0.01.
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proliferation, and apoptosis after CLDN 14/15 interference and
overexpression (Fig. 7). The mRNA levels of NT3, Nf2, PKC-a and
bFGF significantly changed at 7 days and 14 days after CLDN 14/15
interference and overexpression. For this reason, CLDN 14/15 may
influence the expression of several genes governing SC function.

Detection of apoptosis in TUNEL tissue

We cultured and purified SCs in vitro, transfected them with
CLDN 14/15, and monitored their apoptosis by flow cytometry with
Annexin V-FITC. It was noted that CLDN 14/15 inhibited SC
apoptosis. We then induced WD in a rat sciatic nerve transection
model. We connected the proximal and distal nerves at the
damaged end with a silicone tube. After 7 days and 14 days sub-
culture, tissue samples were frozen. After they were sectioned,
TUNEL apoptosis was detected in them. The nuclei of apoptotic cells
stained red while those of healthy cells stained blue. After in vivo
transfection with CLDN 14/15 interference, apoptosis significantly
increased. In contrast, tissues transfected with overexpressing
CLDN 14/15 presented with significantly reduced apoptosis (Fig. 8).

Differential expression of related proteins after CLDN 14/15 siRNA
transfection in vivo

After matrigel treatment, RVG and CLDN 14/15-siRNA were
mixed and injected into the sciatic nerve injuries. They were
transfected 7 days and 14 days later and the efficiencies of CLDN
14/15 interference on the protein expression level were analyzed by
trol group of cells transfected with CLDN 14 and CLDN 15 siRNA-NC; (B) Interference
l group; (D) pEGFP-c1-CLDN 14/15 overexpressing plasmid experimental group. (AeD)



Fig. 6. Changes in the expression of related proteins after CLDN 14/15 siRNA transfection into interfering SC cells. Left: (A) Band expression map of related proteins after CLDN 14
and CLDN 15 siRNA interference; (BeF) Statistical analyses of b-catenin, p-AKT/AKT, c-jun/p-c-jun, p-ERK/ERK, and c-fos protein. NC is a negative control group for transfected cells.
The siRNA-CLDN 14/15 is a cell interference test group transfected with CLDN 14 and CLDN 15. **p < 0.01; *p < 0.05. Right: Relative changes in the expression of related proteins
after transfection of CLDN 14/15-overexpressing plasmids. (A) Western blot of related protein expression after transfection of CLDN 14- and CLDN 15-overexpressing plasmids;
(BeF): Statistical analyses of b-catenin, p-AKT/AKT, c-jun/p-c-jun, p-ERK/ERK, and c-fos proteins. The pEGFP-c1 is a negative control group transfected with an empty plasmid. The
pEGFP-c1-CLDN 14/15 is an overexpressing experimental group.
**p < 0.01; *p < 0.05.
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western blot. The CLDN 14/15 interference efficiencies statistically
differed at 7 days and 14 days. Western blot detected substantial
changes in the signaling pathway protein levels at the distal end of
the sciatic nerve injuries. b-catenin was upregulated after 7 days
interference and downregulated after 14 days interference. The p-
AKT/AKT, p-ERK/ERK, and c-fos pathway proteins were down-
regulated 7 days after interference but their expression levels had
not significantly changed after 14 days interference. The p-c-jun/c-
jun was significantly upregulated at 7 days and 14 days after
interference (Fig. 9).
Differential expression of related proteins after CLDN 14/15 plasmid
transfection in vivo

Western blot was used to evaluate CLDN 14/15 protein expres-
sion levels in response to plasmid transfection for 7 days and
14 days. The signaling pathway protein expression levels were
measured by western blotting. The results showed that the
expression of b-catenin increased significantly after 7 days of
overexpression but did not change after 14 days. The p-AKT/AKT
was upregulated after 7 days overexpression. The pc-jun/c-jun was
significantly downregulated after 7 days and 14 days
379
overexpression. The p-ERK/ERK was significantly downregulated
after 7 days overexpression and significantly upregulated after
14 days expression. There was no significant difference in c-fos
expression level between 7 days and 14 days overexpression
(Fig. 9).
Discussion

WD consists of a series of signal responses and physiological
changes in the PNS in response to sciatic nerve injury. This process
changes proximal nerve fibers and neuronal cell bodies and
degenerate distal nerve fibers.14 Immunohistochemistry (IHC) and
other assays disclosed that nerve regeneration comprised gradual
nerve fiber extension in the distal direction several hours after
nerve injury. Therefore, early WD activation may be significant in
nerve degeneration and regeneration.15e19 Using bioinformatics
technology, we found that CLDN 14 and CLDN 15 are vital to the
signal network regulating sciatic nerve injury regeneration.

CLDNs comprise a small family of transmembrane proteins in-
tegral to tight junctions. They form a cell compartment barrier that
controls molecule flow in the epithelial cell gap.20e24 CLDNs all
have the same membrane organization but different tissue



Fig. 7. RT-PCR analysis of related gene interference and overexpression in CLDN 14-
and CLDN 15-transfected SCs at 7 days and 14 days. (A) RT-PCR assay of differential
expression of certain factors after CLDN 14 and CLDN 15 interference at 7 days and
14 days. NC is a negative control group. The siRNA-CLDN 14/15 is an experimental
group. (B) CLDN 14 and CLDN 15 overexpression. Differences in the expression levels of
post-correlation factors between day 7 and 14. The pEGFP-c1 is the empty control
group. The pEGFP-c1-CLDN 14/15 is the overexpressing experimental group.
*p < 0.05.

Fig. 8. TUNEL apoptosis detection. (A) Apoptosis staining at 7 d and 14 d after siRNA trans
analysis of A chart; (D) Statistical analysis of B chart.
**p < 0.01; ***p < 0.001.
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distribution patterns.25 Tight junction proteins are expressed in the
inner ear and have various distributions and localizations there.26

CLDN 14 is expressed in the Corti hair cells and supporting cells
and is barrier limiting potassium and other cations.22,27 It is critical
for tight junction formation and highly expressed in the kidney and
liver as well.28,29 CLDN 14 may also participate in calcium reab-
sorption.30 CLDN 15 has selective cation permeability. CLDN 15
knockout mice have the unique giant intestine phenotype. Their
gut is longer and wider than that of wild type mice.31,32

Previously, we used a rat sciatic nerve transection model to
study the effects of CLDN 14 and CLDN 15 signals on SC function in
early WD. CLDN 14 promotes SC proliferation and migration and
regulates their function via the c-Jun pathway. CLDN 15 inhibits SC
proliferation, promotes their apoptosis, and also regulates their
function via the c-Jun pathway. Earlier studies reported interactions
between CLDN 14 and CLDN 16. CLDN 14 may be physiologically
bound to the CLDN complex and play a negative regulatory role in
it.21e24

Therefore, the aims of this experiment were to determine
whether: (1) CLDN 14 collaborates with CLDN 15, (2) this interac-
tion is involved in the signal-regulating network regenerated after
sciatic nerve injury, and (3) the latter affects the biological func-
tions of SCs which play important roles in peripheral nerve
regeneration.

SCs are glial cells in the PNS that form myelin sheaths on nerve
fibers. WD is critically dependent on SCs and plays an important
role in peripheral nerve regeneration.33 In the present study, then,
we investigated CLDN 14 and CLDN 15 in vitro and selected SCs as
our research object. We created an in vivo model to verify sciatic
fection in vivo; (B) Apoptosis staining at 7 d and 14 d after transfection; (C) Statistical



Fig. 9. Changes in the expression of related proteins at 7 days and 14 days after transfection with CLDN 14 and CLDN 15 siRNA in vivo. Left: (A) Western blot band diagram showing
expression of related proteins at 7 days and 14 days after CLDN 14 and CLDN 15 siRNA transfection; (BeF) Statistical analyses of b-catenin, p-AKT/AKT, c-jun/p-c-jun, p-ERK/ERK, and
c-fos proteins. NC represents the negative control group with CLDN 14 and CLDN 15 siRNA interference. The siRNA-CLDN 14/15 indicates the experimental group with CLDN 14 and
CLDN 15 siRNA interference. *p < 0.05. Right: Changes in the expression of related proteins after CLDN 14 and CLDN 15 transfection for 7 days and 14 days. (A) Western blot band
diagram showing the expression of related proteins at 7 days and 14 days after CLDN 14 and CLDN 15 overexpression in vivo; (BeF) Statistical analysis of b-catenin, p-AKT/AKT, c-
jun/p-c-jun, p-ERK/ERK, and c-fos proteins. The pEGFP-c1 is the negative control empty plasmid group. The pEGFP-c1-CLDN 14/15 is the overexpressing experimental group.
*p < 0.05; **p < 0.01.
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nerve transection in rats. We obtained the distal sciatic nerve by
qRT-PCR. Distal tissue CLDN 14 and CLDN 15 expression initially
increased then decreased. Thus, CLDN 14 and CLDN 15 regulate the
repair of the sciatic nerve in the early stage of its injury. We
determined whether the interaction between CLDN 14 and CLDN
15 influences the nerve collapse process by affecting SC function.
We purified, knocked down, and overexpressed CLDN 14 and
CLDN 15 transfected into SCs in vitro. The CLDN 14/15 combination
promoted SC proliferation. Thus, it had a positive effect on nerve
degeneration. Flow cytometry detected post-transfection
apoptosis. The CLDN 14/15 combination also made SCs anti-
apoptotic. Moreover, the SCs formed cell cords during peripheral
nerve collapse. We established that CLDN 14/15 promoted SC
migration. After SC transfection, PKC-a, NT3, NF2, and bFGF
expression was significantly altered. These genes encode neuro-
trophic factors that play important roles in nerve repair and
regeneration.34e37 The protein expression levels of the b-catenin,
p-AKT/AKT, pc-jun/c-jun, and p-ERK/ERK pathways also markedly
changed. These proteins are critical for cell proliferation,
migration,38e41 and overall function.

We established that the interactions between CLDN 14 and
CLDN 15 substantially influence early degeneration and regenera-
tion after rat sciatic nerve injury and we elucidated the underlying
mechanisms of this process. The results of this study provide basic
techniques that may eventually be applied towards nerve repair
and regeneration.
381
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