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Background: Previous studies indicated that calreticulin (CRT) regulated various biological processes. This study was aimed
to investigate the function of CRT in Schwann cells (S5Cs).

Material/Methods: SCs were separated from sciatic nerves of mice and were transfected with pcDNA3.1-CRT (pc-CRT), small inter-
fering RNA targets CRT (siCRT), or their corresponding negative controls. The expression of CRT was determined
by quantitative reverse transcription PCR (qRT-PCR) and Western blot analysis. Then, cell proliferation, migra-
tion, and apoptosis were measured by 3-(4, 5-dimethylhiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) as-
say, modified 2-chamber migration assay, and flow cytometry, respectively. Finally, the phosphorylation levels
of key kinases in the phosphatidylinositol-3-kinase (PI3K)/AKT and the extracellular signal-regulated kinase/ri-
bosomal S6 kinase 2 (ERK/S6) pathways were detected by Western blot analysis.

Results: Overexpression of CRT remarkably increased viability (P<0.05, P<0.01 or P<0.001) and migration (P<0.001), but
inhibited apoptosis (P<0.05). The CRT-knockdown showed the inverse impacts on viability (P<0.05 or P<0.001),
migration (P<0.001), and apoptosis (P<0.001). Additionally, the phosphorylation levels of AKT (Thr*®® and Ser*’3),
ERK, and S6 were all up-regulated in CRT-overexpressed cells (P<0.001), and were down-regulated in CRT-
knockdown cells (P<0.05, P<0.01 or P<0.001).

Conclusions: Overexpression of CRT in SCs promoted cell proliferation and migration but suppressed cell apoptosis. The
PI3K/AKT and ERK/S6 pathways might be involved in the functional effects of CRT on SCs.
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Material and Methods

The peripheral nervous system (PNS) acts as the connection be-
tween tissues (organs) and the central nervous system (CNS) [1].
Peripheral nervous injury (PNI), resulting from inflicted nerve
damage of mechanical or pathological mechanisms, disrupts
the normal functions of sensory and motor neurons through
damaging the integrity of axons and Schwann cells (SCs) [2].
When PNI takes place, the associated SCs dedifferentiate to a
progenitor-like state, and then the progenitor-like SCs stretch
out “tubes” helping the axons regrow from upstream of the
damage [3]. Thus, SCs act as the major glia of the PNS and
play a vital role in PN regeneration. In this study, we focused
on SCs to explore the potential therapy for PNI.

Calreticulin (CRT) is a 46-kDa protein that is composed of 3
domains: the N-terminal domain is highly conserved between
species, the P-domain is proline-rich, and the highly acidic
C-terminal domain contains ER retrieval signals [4-6]. It is well
recognized that CRT is located intracellularly, extracellularly,
and on the cell surface [7]. The CRT is a high-capacity Ca%-
binding molecular chaperone and has been reported as the
pivotal regulator in many functions. Previous studies revealed
that CRT participates in cell adhesion, proliferation, migration,
and integrin-dependent Ca?* signaling [8]. Other studies dem-
onstrated that CRT plays essential roles in wound healing, re-
sistance to anoikis [9], immune response [10], cellular phago-
cytic uptake, and expression of steroid-sensitive genes [7,11].

An increasing number of reports show that CRT plays an es-
sential role in neurons, and CRT is necessary for neuronal de-
velopment in mice [12]. A recent study demonstrated that CRT
expression is elevated in nerve growth factor (NGF)-induced
neuronal differentiation, and CRT is a crucial mediator of NGF
signaling [13]. Furthermore, CRT has been reported to recruit
microglia when CNS is damaged in the leech Hirudo medici-
nalis [14]. Therefore, the roles of CRT need to be investigat-
ed in SCs, which are the important components of the ner-
vous system. Nonetheless, there are very few relevant reports.

In this study, SCs were transfected with plasmids or small in-
terfering RNA (siRNA) to obtain CRT-overexpressed or CRT-
knockdown cells. Then, we focused on the cell proliferation,
migration, and apoptosis of CRT dysregulated cells we ob-
tained to preliminarily investigate the regulation of CRT in SCs.
Furthermore, the relevant phosphatidylinositol-3-kinase (PI3K)/
AKT and extracellular signal-regulated kinase/ribosomal S6 ki-
nase 2 (ERK/S6) pathways in the regulation were also studied.
Our experiments uncovered the underlying molecular mech-
anisms of CRT regulation in SCs, which may provide insights
into the clinical design of therapeutic methods.

Primary SCs culture

Mice were purchased from the Experimental Animal Center of
Nantong University. Every animal study was conducted in ac-
cordance with the United States National Institutes of Health
Guide for the Care and Use of Laboratory Animals. The exper-
imental protocols were approved by our local ethics commit-
tee. All efforts were made to minimize the number and suf-
fering of mice involved in our study.

SCs were collected from sciatic nerves of P1 (postnatal day 1)
mice according to the procedure described previously [15]. In
brief, SCs were dissociated with 0.4% (w/v) collagenase (Sigma,
USA) and 0.125% (w/v) trypsin (Sigma, USA) and then seed-
ed onto 24-well plates (Primaria™, BD Bioscience, Stockholm,
Sweden) with Dulbecco’s modified Eagle’s medium (DMEM,
Sigma-Aldrich, Dorset, UK) supplemented with 10% (v/v) fe-
tal bovine serum (FBS) (Invitrogen, CA, USA). After 24 h of in-
cubation, 2 rounds of selection in 24 h using 10 pM cytosine
B-D-arabinofuranoside (AraC) (Sigma-Aldrich, St. Louis, MO)
were performed to remove fibroblast from SCs. Finally, SCs
were passaged and cultured in DMEM containing 10% (v/v)
FBS in a humidified atmosphere of 5% CO, and 95% air at 37°C.

Plasmids construction and siRNA synthesis

The full-length wild-type CRT gene amplified from plasmids
(MG51682-CH, Sino Biological Inc., Beijing, China) was cloned
into plasmids pcDNA3.1 (pcNC) (Invitrogen, CA, USA) to gen-
erate pcDNA3.1-CRT (pc-CRT) and confirmed by sequencing.
The empty plasmid pcNC was transfected as a negative con-
trol. Specific siRNA against CRT (siCRT) targeting 5’-GGA GCA
GUU UCU GGA CGG A-3’ and a non-silencing siRNA (siNC) tar-
geting 5’-TTC TCC GAA CGT GTC ACG T-3’ were synthesized by
GenePharma (Shanghai, China). The siNC was transfected as
a negative control in comparison with siCRT. Cell transfections
were conducted using Lipofectamine 3000 reagent (Invitrogen,
CA, USA) according to the manufacturer’s instructions.

Cell viability assay analysis

The cell viability of SCs was performed using the 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) kit
(Sigma, St. Louis, MO, USA) according to the manufacturer’s
protocol. Briefly, cells were seeded into 96-well plates at a den-
sity of 1x10° cells/well and cultured for 1-4 days. Afterward,
100 pL of MTT solution (0.5 mg/mL) was added and incubat-
ed at 37°C for 4 h. Following removal of the culture medium,
150 pL of dimethyl sulfoxide (DMSO, Sigma, St Louis, MO,
USA) was added to the cells and the MTT color reaction was
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analyzed by use of an absorbance micro-plate reader (Thermo,
Waltham, MA, USA) at 570 nm.

Apoptosis assay

An annexin V-FITC/PI apoptosis detection kit (Beijing Biosea
Biotechnology, Beijing, China) was used to analyze the cell
apoptosis. Briefly, cells were first washed in phosphate-buff-
ered saline (PBS) and fixed in 70% ethanol. Fixed cells were
then rinsed twice with PBS and resuspended in binding buffer
containing annexin V-FITC and PI in the presence of 50 pg/mL
RNase A (Sigma-Aldrich, USA). After incubation at room tem-
perature in the dark for 1 h, the cells were analyzed by flow
cytometry (FACS Cantoll, Beckman Coulter, Fullerton, CA, USA)
using FlowJo software.

Migration assay

The migration assay was examined by modified 2-chamber
assay with a pore size of 8.0 pm. After trypsin treatment and
PBS rinsing, SCs were suspended in 200 pL serum-free DMEM
and were seeded on a polycarbonate membrane insert in a
Transwell apparatus, and 600 pL complete medium was add-
ed to the lower compartment. After incubation at 37°C for 12
h, the insert was washed with PBS and all non-migrated cells
were carefully scraped from the upper surface with a cotton
swab. Migrated cells on the lower side of the insert were fixed
with methanol and stained with crystal violet. SCs migration
was determined by counting the number of stained cells with
an inverted microscope (Olympus, Tokyo, Japan).

Quantitative reverse transcription PCR (qRT-PCR)

The expression of CRT mRNA in transfected SCs was detected
by gRT-PCR. Total RNA was isolated from transfected cells us-
ing TRIzol reagent (Invitrogen, CA, USA) and DNase | (Promega,
Madison, WI, USA) following the manufacture’s protocol.
Reverse transcription was performed using the MultiScribe
RT kit (Applied Biosystems™, Invitrogen, CA, USA) and ran-
dom hexamers or oligo (dT) according to the manufacturer’s
instructions. Primers (GenePharma, Shanghai, China) designed
for CRT and GAPDH were as follows: CRT-forward 5’-CGG GGT
ACC CGC CAC CAT GGC GAT GCT GCT ATC CGT GCC G-3’, re-
verse 5’-CCG GAA TTC CAG CTC GTC CTT GGC CTG-3’; GAPDH-
forward 5’-GCA CCG TCA AGG CTG AGA AC-3’, reverse 5’-TGG
TGA AGA CGC CAG TGG A-3". Results were calculated using
2724 method, and the relative mRNA expression of CRT was
normalized to GAPDH [16].

Western blot

Proteins were extracted from transfected SCs in RIPA lysis buf-
fer (Beyotime Biotechnology, Shanghai, China) supplemented
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with protease inhibitors (Roche, Indianapolis, IN, USA). After
that, the proteins were quantified using the BCA™ Protein
Assay Kit (Pierce, Appleton, WI, USA). Then, equal amounts of
sample protein were separated by sodium dodecy! sulfate-po-
ly-acrylamide gel electrophoresis (SDS-PAGE) and transferred
to polyvinylidene difluoride (PVDF) membranes (Millipore,
Billerica, MA, USA). The membranes were then blocked with
5% nonfat dry milk for 1 h at room temperature and incubat-
ed at 4°C overnight with antibodies against phosphorylated
AKT Thr3 (p-AKT308, sc-16646), phosphorylated AKT Ser*’
(p-AKT473, sc-101629), AKT (sc-8312), phosphorylated ERK
(p-ERK, sc-16981-R), ERK (sc-292838), phosphorylated S6 (p-
S6, sc-12898-R), S6 (sc-28773) (all from Santa Cruz, CA, USA),
CRT (12238, Cell Signaling Technology, Danvers, MA, USA), or
GAPDH (G9545, Sigma, USA), respectively. Primary antibodies
were prepared in 5% blocking buffer at a dilution of 1: 1000.
Then, the PVDF membranes were washed and incubated with
secondary antibody marked by horseradish peroxidase (HRP)
for 1 h at room temperature. After rinsing, the PVDF mem-
brane-carried blots and antibodies were transferred into the
Bio-Rad ChemiDoc™ XRS system, and then 200 pL Immobilon
Western Chemiluminescent HRP Substrate (Millipore, MA, USA)
was added to cover the membrane surface. The signals were
captured and the intensity of the bands was quantified using
Image Lab™ software (Bio-Rad, Shanghai, China).

Statistical analysis

All experiments were repeated 3 times. The results are pre-
sented as mean + standard deviation (SD). Statistical analysis
was performed using GraphPad Prism 5 software (GraphPad,
San Diego, CA, USA). The P-values were calculated using one-
way analysis of variance (ANOVA).

Results

The difference in CRT expression in transfected SCs

To investigate the expression of CRT in transfected SCs, qRT-
PCR and Western blotting were used to detect the mRNA and
protein levels of CRT. Results of gRT-PCR in Figure 1A show
that CRT mRNA expression was significantly increased in pc-
CRT transfected cells (P<0.001), and was decreased in siCRT
transfected cells (P<0.01). In line with the qRT-PCR results,
Western blotting in Figure 1B shows that a higher CRT lev-
el was found in pc-CRT transfected cells in comparison with
control, and a lower CRT level was found in siCRT-transfected
cells in comparison with control. These results indicate that
the CRT-overexpressed cells and CRT-knockdown cells are suc-
cessfully achieved.
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Figure 1. The difference in calreticulin (CRT) expression in
transfected Schwann cells (SCs). SCs were transfected
with pcDNA3.1 (pcNC), pcDNA3.1-CRT (pc-CRT), non-
silencing small interfering RNA (siNC), or specific small
interfering RNA against CRT (siCRT). After transfection,
cells were harvested for quantitative real-time (qRT)-
PCR (A) and Western blot analysis (B). Data presented
are the mean of at least 3 independent experiments.
Error bars indicate SD. ** P<0.01; *** P<0.001.

Overexpression of CRT induced SCs proliferation

To assess the effect of CRT on SCs, MTT assay was used to mea-
sure the cell viability. As shown in Figure 2, significant growth
promotion was observed in SCs transfected with pc-CRT in com-
parison with the pcNC group. The cell viability was improved
at 2 days (P<0.01), 3 days (P<0.05) and 4 days (P<0.001), re-
spectively. The cell viability in the siCRT group was the total
opposite; cell viability was suppressed at 2 days (P<0.05), 3
days (P<0.001), and 4 days (P<0.001), respectively. These re-
sults demonstrate that CRT exhibits remarkable promotion of
cell proliferation.

Overexpression of CRT increased SCs migration

The influence of CRT on SCs migration was tested by the mod-
ified 2-chamber assay. Data in Figure 3 reveal that more cells
in CRT-overexpressed SCs migrate to the bottom of the insert
compared with the pcNC group (P<0.001). However, fewer cells
in CRT-knockdown SCs were observed migrating to the bot-
tom of the insert in comparison with the siNC group (P<0.001).
These results suggest that CRT promotes SCs migration.
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Figure 2. Effect of CRT on proliferation in SCs. SCs were
transfected with pcNC, pc-CRT, siNC, or siCRT. Cells
transfected with pcNC and siNC served as negative
control for pc-CRT and siCRT transfected cells,
respectively. Proliferation was measured by MTT
assay. Data presented are the mean of 3 independent
experiments. Error bars indicate SD. * P<0.05;

** P<0.01; *** P<0.001.
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Figure 3. Influence of CRT on migration in SCs. SCs were
transfected with pcNC, pc-CRT, siNC, or siCRT. Cells with
pcNC and siNC served as negative control for pc-CRT
and siCRT transfected cells, respectively. Cell migration
was measured by a modified 2-chamber assay. Data
presented are the mean of 3 independent experiments.
Error bars indicate SD. *** P<0.001.

Overexpression of CRT inhibited SCs apoptosis

Flow cytometry was employed to measure the apoptosis in
transfected SCs. As shown in Figure 4, the apoptotic rate of
CRT-overexpressed SCs was significantly restrained (P<0.05).
In SCs with CRT-knockdown, the apoptotic rate was signifi-
cantly increased (P<0.001). These data illustrate that CRT ef-
fectively suppress the SCs apoptosis.
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Figure 4. Promotion of apoptosis in CRT-knockdown SCs. SCs
were transfected with pcNC, pc-CRT, siNC, or siCRT.
Cells with pcNC and siNC served as negative control
for pc-CRT and siCRT transfected cells, respectively.
Cell apoptosis was measured by flow cytometry. Data
presented are the mean of 3 independent experiments.
Error bars indicate SD. *** P<0.001.

Overexpression of CRT activated the PI3K/AKT and ERK/
S6 pathways

To reveal the underlying mechanisms of CRT-associated reg-
ulations, the phosphorylation of AKT (Thr3% and Ser*’?) was
examined. As shown in Figure 5, the phosphorylation levels
of AKT (Thr3% and Ser*”) were markedly improved in CRT-
overexpressed SCs compared with its control (P<0.001). As
for phosphorylation levels of AKT in CRT-knockdown SCs,
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phosphorylation levels of Thr3® and Ser*® were suppressed
to varying degrees in comparison with the negative con-
trol (P<0.01 or P<0.05). Because the ERK/S6 signaling path-
way is located downstream of the pathway of PI3K/AKT, we
also detected the phosphorylation levels of ERK and S6. The
phosphorylation levels of both ERK and S6 were increased in
CRT-overexpressed SCs compared with the negative control
(P<0.001). As expected, the phosphorylation levels of ERK and
S6 in CRT-knockdown SCs were decreased to varying degrees
(P<0.01 or P<0.001). Moreover, there was no significant dif-
ference in the AKT, ERK, and S6 expression observed in all the
groups. Thus, we demonstrated that CRT could activate PI3K/
AKT and ERK/S6 pathways in SCs.

Discussion

Unlike the CNS, the PNS possesses a unique ability to regener-
ate [17]. Hence, we draw a conclusion that SCs play a central
role in orchestrating the repair response. However, the regen-
eration of nerves in PN cannot recover to the initial conditions,
and PNI still troubles 2.8% of trauma patients with severe PNI
insults [18]. Thus, effective therapeutic methods for PNI should
be investigated. In this study, we utilized gene transfection and
silencing technology to first determine the critical function of
CRT in SCs. Cell proliferation and migration were both promoted,
whereas cell apoptosis was suppressed in CRT-overexpressed
SCs. Totally opposite results were found in CRT-knockdown SCs.
Furthermore, the possible relevant mechanism was also studied.
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Figure 5. Overexpression of CRT in SCs activated
the PI3K/AKT and ERK/S6 signaling
pathways. SCs were transfected
with pcNC, pc-CRT, siNC, or siCRT.
Cells with pcNC and siNC served
as negative control for pc-CRT and
siCRT transfected cells, respectively.
(A) expression levels of kinases in
transfected cells. After transfection,
total proteins extracted from
transfected cells underwent Western
blot analysis. (B) phosphorylation
rates of different kinases in
transfected cells. The band intensity
was estimated by Image Lab™
software. The phosphorylation rate is
expressed as the relative intensity of
phosphorylated kinases/kinases and
the final results were normalized by
GAPDH. Data presented are the mean
of 3 independent experiments. Error
bars indicate SD. *** P<0.001.
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During PNI, SCs are reported to play a vital role in the detec-
tion of signals from damaged axons, which initiates injury re-
sponse [19]. After that, SCs dedifferentiate and secrete growth-
promoting trophic molecules that support axonal growth cone
elongation [19]. Thus, we concluded that SCs viability might
aid PN regeneration and the SCs apoptosis might reduce the
regeneration. As the main glial cell, SCs must extensively mi-
grate from nerve roots to the periphery to myelinate axons
along their entire longitudinal axis in nerve development [20].
In remyelination after nerve injury, the migratory activity of
SCs is also a critical aspect [21]. Thus, the SCs migration ap-
pears likely to aid regeneration of PN. On the other hand, pre-
vious studies used clinical translation of autologous SCs trans-
plantation for the treatment of spinal cord injury [22], and cell
therapy with skin-derived SCs was reported to be a potential
treatment for PNI [23]. Therefore, it appears likely that cell
transplantation with SCs, which possess higher proliferative
and migratory abilities and lower apoptotic abilities, can mas-
sively accelerate the regeneration of injured nerves.

Previous studies have shown that the overexpression of CRT
enhance gastric cancer cell proliferation [24]. Other studies
demonstrated that overexpression of CRT enhanced wound
healing by stimulating migration of human keratinocytes and
fibroblasts [25,26], and CRT increased epithelial cell migration in
both murine- and porcine-impaired animal models [27]. These
reports highlight the promotion of CRT in cell proliferation
and migration, which agrees with our findings in SCs. Recent
studies demonstrated that depletion of CRT resulted in resis-
tance to apoptosis [28,29]. However, Oyadomari et al. report-
ed that overexpression of CRT actually protected pancreatic
B-cells from nitric oxide-induced apoptosis [30]. This discrep-
ancy might be due to the different cell types, stress stimuli,
and experimental models used [31]. In our study, the overex-
pression of CRT was proved to inhibit apoptosis in SCs. These
results show that the overexpression of CRT entirely promote
SCs proliferation and migration and suppressed SCs apoptosis.

In various types of carcinomas, cell proliferation and apop-
tosis are regulated by the PI3K/AKT pathway [7]. The cell
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Conclusions

We preliminarily investigated the effect of CRT on SCs. The
CRT induced cell proliferation and migration, but suppressed
apoptosis. These findings establish a foundation for further
investigations on the function of CRT. Further mechanism of
CRT regulation relevant with PI3K/AKT and ERK/S6 pathways
may provide a direction for further studies. Our results shed
light on unreported functions of CRT in SCs, which may pro-
vide an important theoretical basis for clinical treatment of PNI.
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