NEURAL REGENERATION RESEARCH
December 2014, Volume 9, Issue 24

®.

www.nrronline.org

The effects of claudin 14 during early Wallerian
degeneration after sciatic nerve injury

Leilei Gong', Yun Zhu', Xi Xu', Huaiqin Li', Weimin Guo', Qin Zhao®, Dengbing Yao"’

1 Jiangsu Key Laboratory of Neuroregeneration, Co-innovation Center of Neuroregeneration, Nantong, Jiangsu Province, China
2 School of Life Sciences, Nantong University, Nantong, Jiangsu Province, China
3 Key Laboratory of People’s Liberation Army, Institute of Orthopedics, Chinese PLA General Hospital, Beijing, China

Leilei Gong and Yun Zhu contributed
equally to this work.

Corresponding author:

Dengbing Yao, M.D., Ph.D., Jiangsu Key
Laboratory of Neuroregeneration,
Co-innovation Center of
Neuroregeneration, Nantong 226019,
Jiangsu Province, China; School of Life
Sciences, Nantong University, Nantong
226019, Jiangsu Province, China,
yaodb@ntu.edu.cn.

doi:10.4103/1673-5374.147946
http://www.nrronline.org/

Accepted: 2014-11-22

Abstract

Claudin 14 has been shown to promote nerve repair and regeneration in the early stages of
Wallerian degeneration (0—4 days) in rats with sciatic nerve injury, but the mechanism under-
lying this process remains poorly understood. This study reported the effects of claudin 14 on
nerve degeneration and regeneration during early Wallerian degeneration. Claudin 14 expression
was up-regulated in sciatic nerve 4 days after Wallerian degeneration. The altered expression
of claudin 14 in Schwann cells resulted in expression changes of cytokines in vitro. Expression
of claudin 14 affected c-Jun, but not Akt and ERK1/2 pathways. Further studies revealed that
enhanced expression of claudin 14 could promote Schwann cell proliferation and migration.
Silencing of claudin 14 expression resulted in Schwann cell apoptosis and reduction in Schwann
cell proliferation. Our data revealed the role of claudin 14 in early Wallerian degeneration, which
may provide new insights into the molecular mechanisms of Wallerian degeneration.
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Introduction
Wallerian degeneration is the process of degeneration that
occurs in a nerve fiber when it is crushed or cut. Wallerian
degeneration occurs in both the central nervous system and
peripheral nervous system, and usually begins within 24-36
hours in the axon stump distal to a site of injury. Wallerian
degeneration comprises cellular and molecular changes, and
requires effective Schwann cell and macrophage responses
(Waller, 1850; Ohri et al., 2011; Munzel et al., 2012; Ohata
et al., 2012). During Wallerian degeneration, Schwann cells
may play a central role in the function of degeneration and
regeneration after nerve injury. The Schwann cells release a
wide variety of cytokines and chemokines during the first
few days post injury, and participate in the clearance of my-
elin debris from the degenerative nerves (Kirsch et al., 2003;
Navarvo et al., 2007; Martini, et al., 2008; Hu et al., 2013).
Schwann cells also proliferate, dedifferentiate, and provide
growth substrates to regenerating axons which are regulated
by the activation of transcription factor signaling pathways,
such as c-Jun, Akt and extracellular signal-regulated kinase
(ERK) (Hirakawa et al., 2003; Yang et al., 2007; Feltri, et al.,
2008; Chattopadhyay et al., 2009; Arthur et al., 2012; Li et al.,
2013,2014).

Claudins are tight-junction membrane proteins that are

key regulators of the paracellular pathway, consisting of a
family of 27 members. As tight-junction proteins, claudins
are crucial for the maintenance of cellular polarity and
paracellular transportation of molecules. Claudin 14 is an
important tight-junction molecule, and is capable of self
assembly into tight junction, and integrates into claudin 16
and claudin 19 channels to form a higher oligomeric com-
plex (Miyamoto et al., 2005; Hewitt et al., 2006; Kominsky et
al., 2006; Angelow et al., 2008; Elkouby et al., 2008; Lal Nag
et al., 2009; Shiozaki et al., 2012).

In our previous study, we have reported that claudin 14
and claudin 15 are the two key regulatory factors which
may perform a crucial role in early Wallerian degeneration
after sciatic nerve injury (Li et al., 2013). Claudin 14 and
claudin 15 are two tight-junction membrane proteins that
exert different functions in early Wallerian degeneration,
and can regulate cytokine up or down expression, neural
networks, signal pathways and signal flow (Li et al., 2013).
Here, we have found a mechanistic role for claudin 14 in
nerve degeneration and regeneration during early Walle-
rian degeneration. Our findings may provide insights into
the molecular mechanisms of other factors that regulate
nerve degeneration and/or regeneration during Wallerian
degeneration.
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Table 1 Primers used in real-time quantitative PCR assays

Gene Sequence (5'-3")

Product size (bp)

bFGF

Forward: CCC GCA CCC TAT CCC TTC ACA GC 130

Reverse: CAC AAC GAC CAG CCT TCC ACC CAA A

bax Forward: TGG GGA GAC ACC TGA GCT GAC CT 127
Reverse: CTC TGC AGC TCC ATG TTG TTG TCC AGT

bdl-2 Forward: CCG GGA GAA CAG GGT ATG ATA 132
Reverse: TGC CAG GGG TGG GGG CAC GCC TCA GG

Claudin-14 Forward: AGA CCA CCT TCG CGG TGT T 120
Reverse: CGC TTG GCA GGG TGT TTG GTC ATA

Krox20 Forward: CAA AGG CCG TAG ACA AAA TCC CAG TA 153

Reverse: GCC ACT CCG TTC ATC TGA TCA AAG GGC

nf2 Forward: CTG GGA TTG GGT TCA TGG GTG GAT 127
Reverse: AGG AAG CCC GAG AAG CAG AGC G

NT3 Forward: GAC AAG TCC TCA GCC ATT GACATT C 131
Reverse: CTG GCT TCT TTA CACCTC GTTTCA T

PKCa Forward: GAA CAC ATG ATG GAC GGG GTC ACG AC 170
Reverse: CGC TTG GCA GGG TGT TTG GTC ATA

GAPDH Forward: GCA AGT TCA ACG GCA CAG

141

Reverse: CGC CAG TAG ACT CCA CGA C

bFGF: Basic fiberoblast growth factor; nf2: neurofibromin 2; NT3: neurotrophin 3; PKCa: protein kinase C alpha; GAPDH: glyceraldehyde-3-

phosphate dehydrogenase.

Materials and Methods

Animal models of Wallerian degeneration

For further analysis of the expression of claudin 14 in in-
jured sciatic nerve at 0, 4, 7, 14, and 21 days, 180 male
Sprague-Dawley rats weighing 180-220 g were selected. Of
them, 30 rats were used for real-time PCR assay and 30 for
western blot assay. All assays were performed in triplicate.
All rats were provided by the Experimental Animal Center of
Nantong University in China (License No. SCXK (Su) 2014-
0001). The protocols were conducted in accordance with “NTH
Guidelines for the Care and Use of Laboratory Animals”

Experimental groups

The 30 rats were equally and randomly divided into 5
groups: 0, 4, 7, 14, and 21 days. Rats underwent sciatic neu-
rectomy and were anesthetized with complex narcotics. The
sciatic nerve on the lateral aspect of the mid-thigh was lifted
from the right hind limb and a 1-cm segment was excised.
Rats were killed immediately and at 4, 7, 14, and 21 days
following sciatic nerve surgery (Hirakawa et al., 2003; Li et
al., 2013, 2014). The rats at 0 day were subjected to sham
operations. Under the same condition, the skin was incised,
muscle was dissociated, and sciatic nerve was exposed and
sutured in the sham surgery group.

Schwann cell culture and transfection

Schwann cells were obtained from the sciatic nerves of 1-day-
old rats as previously described (Barretta et al., 2008; Man-
tuano et al., 2008; Peltonen et al., 2013). Cells were cultured
in Dulbecco’s Minimum Eagle’s Medium (DMEM; Gibco,
Grand Island, NY, USA) containing 10% fetal calf serum (In-
vitrogen, Carlsbad, CA, USA) and 100 IU/mL penicillin, and
100 g/mL streptomycin (Sigma Aldrich, St Louis, MO, USA)
at 37°C with 5% CO,. Cells were selected from fibroblasts
using monoclonal mouse anti-Thyl.1 antibody (1:200 dilu-
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tion; Santa Cruz Biotechnology, Santa Cruz, CA, USA). The
final cells consisted of 98% Schwann cells, as determined by
immunofluorescence for mouse anti-S100 monoclonal anti-
body (1:500 dilution; Santa Cruz Biotechnology), which is a
specific Schwann cell marker. Schwann cells were transfected
with siRNAs for 2 days (Ribobio, Guangzhou, Guangdong
Province, China) and pCMV6-claudin 14 plasmid using Li-
pofectamine RNAi MAX transfection reagent (Invitrogen),
according to the manufacturer’s instructions.

Immunofluorescence

Schwann cells were examined by immunofluorescence as
previously described. Cells were fixed with 4% paraformal-
dehyde in Tris-buffered saline, washed with Tris-buffered
saline, and permeabilized with 0.1% Triton. Nonspecific
binding was blocked with 10% goat serum. The cells were
incubated with primary antibodies for 2 hours (1:1,000;
Santa Cruz Biotechnology), and then incubated with fluo-
rescein isothiocyanate (FITC)-conjugated secondary anti-
bodies for 1 hour. 4',6-Diamidino-2-phenylindole (DAPI)
was applied. Replacement of primary antibody with re-
spective normal IgG occurred to control signal specificity.
Imaging was performed using a Leica DMR bright-light
and fluorescence microscope (Leica Microsystems, Wetzlar,
Germany). Immunofluorescence staining was utilized for
cultured Schwann cells, immunostaining for S100, claudin
14 and their overlay.

RNA isolation and real-time quantitative PCR assay

Total RNA was isolated from distal nerve stumps and
Schwann cells according to the manufacturer’s protocols.
The distal nerve stumps were dissected from rats that were
killed at 0, 4, 7, 14, and 21 days following injury. Real-time
quantitative PCR was performed with the SYBR Green
PCR Master Mix (Qiagen, Valencia, CA, USA). The primers
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Figure 1 Claudin 14 expression in injured sciatic nerve and cultured Schwann cells.

(A) Western blot assay of claudin 14 expression in injured sciatic nerve at 0, 4, 7, 14, and 21 days. Beta-actin levels were used as a control. (B) Re-
al-time quantitative PCR analysis of sciatic nerve at 0, 4, 7, 14, and 21 days after injury using GAPDH as control. *P < 0.05, vs. day 0. All data were
expressed as the mean + SD and were analyzed by one-way analysis of variance and Schefte’s post-hoc test. Experiments were performed in tripli-
cate. (C) Claudin 14 (green) and Hoechst (blue) expression in cultured Schwann cells after purification (left) and before purification (right). S100
(red) was used as a Schwann cell specific marker. Scale bars: 20 um. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 2 Cytokine expression changes in claudin 14 siRNA knockdown Schwann cells.

(A) Real-time quantitative PCR of mRNA relative expression of claudin 14 in siRNA-1, siRNA-2 and siRNA-3 transfected Schwann cells compared
with negative control. Control represents non-interfered normal cells; 1, 2, 3: claudin 14 siRNA-1, siRNA-2 and siRNA-3. Negative control: without
DNA interference. (B) Real-time quantitative PCR analysis of bcl-2, bax, krox20, NT3, bFGE, nf2 and PKCa after claudin 14 siRNA-2 transfection
into Schwann cells for 1 and 2 days. GAPDH was used as a normalizer. (A, B) *P < 0.05, vs. control. All data are expressed as the mean + SD (1 = 3)
and are analyzed by one-way analysis of variance and Scheffe’s post-hoc test. All reactions were run in triplicate. NT3: Neurotrophin 3; bFGEF: basic

fibroblast growth factor; nf2: neurofibromin 2; PKC: protein kinase C.

used in the real-time quantitative PCR assays and RNAi are
provided in Table 1. The relative expression values of each
mRNA were calculated using comparative C, and were nor-
malized using glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mature mRNA for each data.

Western blot assay
The distal nerve stumps were obtained from rats killed at 0,

4,7, 14, and 21 days after injury and Schwann cells were di-
rectly lysed. Protein expression was analyzed with mouse an-
ti-claudin 14, Akt, p-Akt, ERK1/2, p-ERK1/2, c-Jun, p-c-Jun,
beta-actin, and beta-catenin monoclonal antibodies conju-
gated affinity purified goat anti-mouse IgG (1:500 dilution;
Santa Cruz Biotechnology). The image was scanned with a
GS800 Densitometer Scanner (Bio-Rad, Hercules, CA, USA).
The data of optical density were analyzed using PDQuest
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Figure 3 Silencing of claudin 14 up-regulated c-Jun but not Akt or ERK1/2.

(A) Western blot assay of claudin 14, Akt, p-Akt, ERK1/2, p-ERK1/2, ¢c-Jun and p-c-Jun protein expression in claudin 14 siRNA-2 transfected
Schwann cells. Beta-actin was used as a loading control. (B) Relative protein expressions of p-Akt/Akt, p-ERK1/2/ERK1/2 and p-c-Jun/c-Jun in
claudin 14 siRNA-2 transfected Schwann cells. *P < 0.05, vs. control and 1 day. All data are expressed as the mean + SD (# = 3) and are analyzed by

one-way analysis of variance and Scheffe’s post-hoc test. All reactions were run in triplicate. ERK: Extracellular signal-regulated kinase.
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Figure 4 Enhanced expression of claudin 14 (2 days) down-regulated c-Jun but not ERK1/2 expression.

(A) Western blot assay of claudin 14, c-Jun and p-c-Jun, ERK1/2, p-ERK1/2 protein expression in claudin 14 siRNA-2 transfected Schwann cells
for 2 days. Beta-actin levels were used as a control. (B) Relative protein expression of p-ERK1/2/ERK1/2 and p-c-Jun/c-Jun in claudin 14 siRNA-2
transfected Schwann cells. *P < 0.05, vs. control. All data are expressed as the mean + SD (n = 3) and are analyzed by Student’s #-test. All reactions

were run in triplicate. ERK: Extracellular signal-regulated kinase.

7.2.0 software (Bio-Rad). Beta-actin and beta-catenin were
used as an internal control.

Flow cytometric analysis

After 48 and 72 hours, cell apoptosis was analyzed using
a Flow Collect Annexin Red Kit (Millipore, Bedford, MA,
USA). Cells were trypsinized, centrifuged, and resuspended
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in assay buffer. Annexin V solution was added to each sam-
ple for 15 minutes. Cells were resuspended. 7-AAD reagent
was added to sample and then incubated in the dark. Cells
were analyzed by a BD LSRII Flow Cytometer (BD Biosci-
ences, San Jose, CA, USA). Cell number in different quad-
rants was analyzed using quadrant statistics. Cells in the
lower right quadrant represented apoptosis, and those in left
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Figure 5 Silencing of claudin 14 resulted in Schwann cell apoptosis.

Apoptosis analysis of claudin 14 siRNA-2 transfected Schwann cells for 48 hours and 72 hours compared with the control siRNA transfected cells.
The apoptosis was detected and quantified by flow cytometry after FITC-conjugated annexin-V and propidium iodide (PI) staining. All samples
were analyzed in three independent experiments. All reactions were run in triplicate. FITC: Fluorescein isothiocyanate.
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Figure 6 Silencing of claudin 14 reduced Schwann cell migration.

(A) Silencing of claudin 14 expression inhibits cell migration in claudin 14 siRNA-2 transfected Schwann cell. (B) The number of migrated
Schwann cells was significantly lower when Schwann cells were transfected with claudin 14 siRNA-2 compared with the normal control. *P < 0.05,
vs. normal control. All data are expressed as the mean £ SD (n = 3) and are analyzed by Student’s t-test.
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Figure 7 Enhanced expression of claudin 14 promoted Schwann cell
proliferation (2 days).

(A) Over-expression of claudin 14 for 2 days promoted Schwann cell
(Red) proliferation in pPCMV6-claudin 14 plasmid transfected Schwann
cells. (a, b) Negative control Schwann cells were stained with Apollo
(Red; a) or Hoechst33342 (blue; b). (¢, d) Schwann cells transfected
with pCMV6-claudin 14 plasmid were stained with Apollo (red; c)
or Hoechst 33342 (blue; d). (B) The number of proliferated Schwann
cells was significantly higher when Schwann cells were transfected with
pCMV6-claudin 14 plasmid compared with the negative control. *P <
0.05, vs. negative control. All data are expressed as the mean + SD (1= 3)
and analyzed using Student’s #-test. Scale bars: 100 um.

lower quadrant represented survival.

Cell migration assay

Cell migration assays were performed in Transwell cell-cul-
ture chambers (Costar, Cambridge, MA, USA) as described
previously (Mantuano et al., 2008). The lower surface of
each membrane was coated with fibronectin. Schwann cells
were transferred to the top chambers of each transwell and
allowed to migrate. The complete medium was injected into
the lower chambers. The non-migrated cells were cleaned
with a cotton swab at the indicated time point. Migrated
cells were fixed with methanol and then stained with crystal
violet solution. Cell migration was defined by images of ran-
domly selected fields obtained on fluorescence. Cell migra-
tion imaging and counting occurred using a DMR inverted
microscope (Leica Microsystems).
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Cell proliferation assay

Schwann cells were resuspended in fresh complete medium,
counted and plated on poly-L-lysine-coated 96 well plates.
EdU was applied and the cells were cultured after cell trans-
fection for 48 hours. The cells were fixed with formaldehyde
in PBS and assayed using a Cell-Light EdU DNA Cell Pro-
liferation Assay Kit (Ribobio) following the manufacturer’s
protocol. Cell proliferation was expressed as the ratio of
EdU-positive cells to total cells. Schwann cell proliferation
analysis was performed using images of randomly selected
fields obtained on a DMR fluorescence microscope (Leica
Microsystems). All samples were analyzed in three indepen-
dent experiments.

Statistical analysis

All data were expressed as the mean + SD and were analyzed
by Student’s #-test, one-way analysis of variance and Schef-
fe’s post-hoc test with the SPSS 13.0 software package (SPSS,
Chicago, IL, USA). All values of P < 0.05 were considered
statistically significant.

Results

Claudin 14 expression in injured sciatic nerve and
Schwann cells during Wallerian degeneration

Real-time quantitative PCR and western blot assay were
applied to investigate claudin 14 expression at 0, 4, 7, 14,
and 21 days after injury. These tests revealed that claudin
14 expression was increased at 4 days, and then decreased
(P < 0.05; Figure 1). Western blot assay findings were in
agreement with the real-time quantitative PCR data. We also
examined the expression of claudin 14 in cultured Schwann
cells to determine its function. Our data indicate that clau-
din 14 is present in Schwann cells. Experiments were repeat-
ed in triplicate.

Knockdown of claudin 14 resulted in cytokine expression
change

To explore the function of claudin 14 in Schwann cells, three
specific small interfering RNAs (siRNAs) against claudin
14 were synthesized to transfect Schwann cells. As shown in
Figure 2A and 3A, siRNA-1-3 greatly reduced the expression
of claudin 14 mRNA and protein (P < 0.05). Claudin 14
siRNA-2 was selected for transfection Schwann cells for the
following studies. Real-time quantitative PCR results showed
that the expression of bcl-2, krox20, NT3, bFGF and PKCa
was significantly down-regulated after claudin 14 siRNA-2
was transfected for 1 and 2 days. By contrast, bax and nf2
were up-regulated (P < 0.05; Figure 2B). The data indicated
that claudin 14 siRNA transfection was able to silence clau-
din 14 expression.

Expression of claudin 14 activated c-Jun but not Akt and
ERK1/2 pathways

As we previously reported, claudin 14 and 15 are the key
factors which initiated signal flow and pathways during early
Wallerian degeneration (Li et al., 2013, 2014). To identify
the effect of claudin 14 expression in Schwann cells, the sig-
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naling pathways and their phosphorylated (activated) ratios
were investigated. The results showed that c-Jun and p-c-Jun
expressions were significantly changed when the changes in
Akt and ERK1/2 were observed (P < 0.05). Their phosphor-
ylated (activated) p-Akt, and p-ERK1/2 were not significant-
ly changed in both claudin 14 knockdown and claudin 14
over-expression in Schwann cells (Figures 3, 4). These data
suggest that altered expressions of claudin 14 activated c-Jun,
but not Akt and ERK1/2 signaling pathways.

Silencing of claudin 14 resulted in Schwann cell apoptosis
To evaluate the effect of claudin 14 on Schwann cell apopto-
sis, cells were transfected with claudin 14 siRNA-2 for 48 and
72 hours. The apoptosis was detected and quantified by flow
cytometry after FITC-conjugated annexin-V and propidium
iodide staining. Results indicated that Schwann cell apopto-
sis increased significantly in cell population after claudin 14
siRNA-2 transfection compared with control siRNA trans-
fected cells (Figure 5). These data suggested that silencing of
claudin 14 expression may induce Schwann cell apoptosis.

Silencing of claudin 14 reduced Schwann cell migration
Following the hypothesis that silencing of claudin 14 might
inhibit Schwann cell migration, we knocked down the expres-
sion of claudin 14 in Schwann cells and detected Schwann
cell migration. The number of migrated Schwann cells was
significantly lower when Schwann cells were transfected with
claudin 14 siRNA-2 compared with the normal control (Fig-
ure 6). The results indicated that claudin 14 knockdown can
decrease Schwann cell migration, which suggested a func-
tional association with sciatic nerve regeneration.

Enhanced claudin 14 expression promoted Schwann cell
proliferation

Cell migration assay showed that claudin 14 siRNA-2 signifi-
cantly facilitated the migration of Schwann cells. Further-
more, we investigated the effect of claudin 14 on Schwann
cell proliferation. Because claudins are up-regulated in early
Wallerian degeneration after sciatic nerve injury, we hypoth-
esized that enhanced claudin 14 can increase Schwann cell
proliferation and migration. To further address this issue,
we over-expressed claudin 14 in cultured Schwann cells. We
observed a significant increase in cell proliferation (Figure
7). Taken together, these findings show that claudin 14 could
induce Schwann cell proliferation and migration, suggest-
ing that claudin 14 is an important functional factor for
Schwann cell regeneration.

Discussion

Wallerian degeneration is a process that occurs when a nerve
fiber is cut or crushed and essentially prepares the distal
stump for reinnervation. This process requires that the distal
portion of the damaged peripheral nerves was well underway
in early Wallerian degeneration (De et al., 2003; Boivin et al.,
2007; Feltri et al., 2008; Barrette et al., 2010; Girolami et al.,
2010). Nerve injury following the disconnection interferes
with the retrograde flow and may lead to the emergence of a

negative denervation signal. Retrograde transport is reduced
for 24 hours until the onset of regeneration in the injured
sciatic nerve. Peripheral nerve degeneration is not a typical
cell death mechanism, since neurons undergoing the process
remain alive. Peripheral nerve repair is a result of reactivated
regeneration mechanisms in combination with newly acti-
vated injury-dependent reactions (Hanz et al., 2003; Lind-
wall et al., 2005; Lee et al., 2007; Martini et al., 2008; Kim et
al., 2009; Kirsch et al., 2009). Wallerian degeneration occurs
several hours after injury and is followed by a long-lasting
regeneration (4-28 days) in which immunohistochemical,
functional and neurophysiological results all support the
slow extension of nerve fibers in the distal direction. Thus,
early activation is of great importance in nerve degeneration
and regeneration during the Wallerian degeneration process
(Raivich et al., 2004; Navarro et al., 2007; Chattopadhyay et
al., 2009; Hu et al., 2013).

Claudins are a family of small transmembrane proteins
that are the most important components of the tight junc-
tion, where they establish the paracellular barrier that con-
trols the flow of molecules in the intercellular space between
the cells of the epithelium. They share sequence homology
and functional similarity, and are often known as the classic
tight junction. Claudin 14 is observed to interact with clau-
din 16, but not claudin 19. Claudin 14 relays the extracellular
Ca’" signal to claudin 16 and effects Ca™* transport through
direct functional modulation of their permeabilities (Ben et
al., 2003; Hewitt et al., 2006; Elkouby et al., 2008; Lal et al.,
2009; Kuscha et al., 2012). Claudin 14 diminished the cation
permeability of the claudin 16 channel, suggesting that clau-
din 14 might physiologically bind to the claudin complex to
act as a negative regulator of divalent cation reabsorption
(Ben et al., 2003; Huang et al., 2009; Lu et al., 2011; Arthur
et al., 2012). Thus, understanding the function of claudins in
peripheral nerve injury may provide insights into the molec-
ular mechanisms of Wallerian degeneration.

In the peripheral nerve, Schwann cells play a critical role
in degeneration and regeneration by secreting trophic cyto-
kines, migrating into the injury sites and guiding the regen-
erating axons to the target. Here, we found that claudin 14
is up-regulated in early Wallerian degeneration until 4 days
and also expressed in Schwann cells. Claudin 14 induced
expression changes in cytokines and c-Jun, but not Akt and
ERK1/2. Enhanced claudin 14 promotes Schwann cell pro-
liferation and migration. Silencing of claudin 14 resulted in
Schwann cell apoptosis and reduced Schwann cell prolifera-
tion. Claudin 14 is a tight-junction protein, expresses in dif-
ferent types of cells, which have different functions in early
Wallerian degeneration after sciatic nerve injury (Li et al.,
2013). Therefore, we speculate that claudin 14 plays an im-
portant role in Wallerian degeneration. Although we provide
evidence that claudin 14 affects Wallerian degeneration after
nerve injury, the role of other claudins in peripheral nerves
is still poorly understood. Further studies into the functions
of claudin 14 and 15 in vivo may open new possibilities for
providing insight into the mechanism of nerve degeneration
and/or regeneration.
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