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MAPK and autocrine of CXCL12 by the CXCR4 receptor
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Abstract: Schwann cells (SCs) play a crucially supportive role in repair of injured peripheral nerve system (PNS).
CXCL12 plays a significant role in migration of stem cells and embryonic developmental cells and CXCL12 is strongly
chemotactic for a variety of cells. Our study was designed to determine the role of CXCL12 in Schwann cell prolifera-
tion and migration. Our study demonstrated that CXCL12 had no effect on Schwann cell proliferation while signifi-
cantly promoting Schwann cell migration. CXCL12-induced Schwann cell migration was significantly attenuated by
inhibition of its receptor CXCR4 and p38 MAPK through co-treatment with AMD3100 and SB203580, separately.
Besides, Western blot, QRT-PCR, and ELISA indicated that treatment with CXCL12 enhanced expression of CXCL12
by Schwann cells. In conclusion, CXCL12-enhanced SCs migration is mediated by secreting CXCL12 and p38 MAPK
via receptor CXCR4, suggesting that CXCL12 has potential application value for PNS regeneration and could serve

as a new therapeutic strategy in peripheral nerve diseases.
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Introduction

Peripheral nerves are surrounded by Schwann
cells which form myelinated nerve fibers [1].
Peripheral nerves easily become dysfunctional
in trauma [2], autoimmune attacks [3], or neu-
rotoxins [4]. There is a close relationship be-
tween these deficits and Schwann cells. It has
been reported that CXCL12 is a powerful che-
mokine that can promote directional migration
of various stem cells through interaction with
its receptor CXCR4 and CXCR7 [5-7]. Furth-
ermore, CXCL12 can promote regeneration of
injured motor axon terminals [8]. CXCL12-
CXCR4-CXCR7 chemokine axis are therapeutic
targets for remyelination in demyelinating dis-
eases [9]. It is still unclear, however, whether
CXCL12 can promote migration of Schwann
cells. In this study, we investigated the effect
of CXCL12 on Schwann cells and its possible
molecular mechanism. Our results show that
CXCL12 promoted Schwann cell migration by
acting on the receptor CXCR4 and p38MAPK
and enhancing CXCL12 secretion of Schwann
cells. Our research provides a new direction

for the study of migration and repair of Schwann
cells after peripheral nerve injuries.

Material and methods
Culturing SCs

Newborn 1-3 day SD rats used in this study
were in accordance with protocol approved
by the Institutional Animal Care and Use Com-
mittee of Shanghai Jiao Tong University, China.
Newborn rats were killed under anesthesia with
chloral hydrate and the bilateral sciatic nerves
were taken under microscope and placed in
DPBS containing 1% of penicillin-streptomy-
cin. Then, ophthalmic forceps were used to
remove epineurium and endoneurium, as soon
as possible. After cleaning 3 times, scissors
were used to cut nerve blocks into pieces. They
were placed into clean 6-well plates and
allowedtoadhereforabout4 hours. DMEM/F-12
[containing 10% fetal bovine serum (FCS), 1%
penicillin-streptomycin solution] was then add-
ed carefully to 6-well plates. The tissues were
observed every day and culture media were
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Figure 1. Fluorescent immunocytochemistry of cultured Schwann cells
stained by S-100 (A) and GFAP (B), with nuclei counterstained with DAPI.
(C) Effects of different CXCL12 concentration on Schwann cell proliferation
performed by CCK-8 assay. Data are presented as mean = SD, n = 3. One-

way ANOVA.

changed every 3 days. Tissues were incubat-
ed for 1 week and passaged for 3 genera-
tions. This step was done to remove over-
grown fibroblast cells and ensure pure and
viable Schwann cells.

Immunofluorescence analysis

Immunofluorescent staining was used for char-
acterization of the Schwann cells after 3 gen-
erations. After cell fixation with 4% paraformal-
dehyde (PFA; Sigma, USA) for 10 minutes at
room temperature and permeabilization with
0.15% Triton-X 100 (Sigma, USA) for 15 min-
utes, the cells were blocked with 0.1% BSA
(Sigma, USA) for 30 minutes and incubated
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at 37°C for 1 hour with rabbit
monoclonal antibody against
S-100 protein (1:1000; Ab-
cam, USA) and rabbit poly-
clonal antibody against GFAP
protein (1:500; Boster, China).
After rinsing in PBS 3 times,
goat anti-rabbit secondary
antibody (1:1000; Jackson,
USA) was applied in a dark
place at room temperature
for 1 hour. Cells were then
stained with 4’,6'-diamidino-
2-phenylindole hydro-chloride
(DAPI; Sigma, USA). Images
were photographed using a
fluorescence microscope (Ol-
ympus BX51, Japan).

Determination of cell viability
with CCK-8 assay

To investigate the viability of
SCs in different concentra-
tions of CXCL12, SCs were re-
suspended and seeded into a
96-well plate at an amount
of 1000 cells per well. CXCL-
12 was directly added to the
culture medium. After 24, 48,
and 72 hours of culturing, ce-
lls were incubated with 10 ul
of CCK-8 reagent (Dojindo, Ku-
mamoto, Japan) for 2 hours
at 37°C and color reaction
was measured at 450 nm
with an enzyme-labeled ins-
trument (BioTek, USA).

Transwell assay

To test the migratory ability of SCs, SCs
were resuspended in serum-free medium and
then seeded in the upper chambers of Trans-
well system to a number of 40,000 cells per
chamber, with or without AMD3100. The low-
er chambers contained medium with 10%
fetal calf serum (FCS), with or without CXCL-
12. After 12 hours of incubation at 37°C, cells
remaining on the upper surface were removed
using cotton swabs whereas cells that migrat-
ed to the lower surface were fixed with 4% PFA
for 15 minutes and stained with 0.1% crystal
violet solution for 10 minutes. Cells were count-
ed in at least 5 random fields under micro-
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The sequences of primers
were as follows: rat CXCL12
upstream, 5-GTGACGGTAAG-
CCAGTCAGC-3; and down-
stream, 3-TGCACACTTGTCTG-
TTGTTGC-5; rat GAPDH up-
stream, 5-CAGTGCCAGCCTC-
GTCTCAT-3’; and downstream,
3’-AGGGGCCATCCACAGTCT-
= TC-5". RT-PCR conditions were
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Figure 2. Migratory SCs stained with crystal violet 12 h after induced by
different concentration of CXCL12 in Transwell migration assay. Quantita-
tive analysis showing the effect of various concentrations of CXCL12 on SCs
migrating. Data are presented as mean + SD, n = 3, ****P < 0.0001. One-

way ANOVA.

scope. Assay was repeated three times for
quantitative analysis. The amount of cells was
quantified by Image J software (USA).

Western blotting

Cell samples were collected 24 hours after
CXCL12 was added to SCs and then lysated in
RIPA (Byetime, China). Protein concentrations
were determined using bicinchoninic acid (B-
CA) protein assay kit (Byetime, China). Equal
amounts of total protein (30 ug) were loaded
onto 12% gradient gels for electrophoresis, fol-
lowed by transfer to polyvinylidene difluoride
(PVDF) membranes. Membranes were blocked
in 5% milk followed by incubation with anti-
CXCL12 and p-p38 primary antibodies (1:1000;
Abclonal).

Real-time reverse transcription-polymerase
chain reaction (RT-PCR) analysis

Total RNA was extracted from SCs using TRI-
zol Reagent (Invitrogen, Carlsbad, CA, USA) and
treated with RNase-free DNase |. Total RNA
(1000 ng) was used as a template for reverse
transcription and g-PCR (Novoprotein, China).
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as follows: 5 min. at 95°C, fol-
lowed by 40 cycles of 30 sec.
at 95°C, 30 sec. at 57°C, and
30 sec. at 72°C. CT values
were normalized to the GAP-
DH gene and RQ values were
viewed as our final results.

Enzyme-linked immunosor-
bent assay (ELISA)

SCs were cultured in 6-well
plates, before treatment of
CXCL12, at concentrations of
100 ng/mL for 24 hours. Af-
ter that, culture supernatants
were abandoned and cells
were cleaned with PBS three times. Fresh cul-
ture medium was then added for 12 hours.
Cytokines in the supernatants (CXCL12) were
detected by ELISA (MEIMIAN, Jiangsu, China),
according to manufacturer instructions. Triplica-
tes were included in each sample and experi-
ments were repeated three times.

Statistical analysis

Data are presented as mean + standard devia-
tion (SD), obtained from at least three indepen-
dent experiments. Statistical analysis was con-
ducted by one-way ANOVA and P < 0.05 was
regarded to be statistically significant.

Results

Cellular features and identification of Schwann
cells

Most cultured Schwann cells displayed a spin-
dle-like or multi-angle shape, with a protuber-
ance growing from both sides, and a spherical
nuclei. Almost all of these cultured Schwann
cells expressed S-100 and GFAP, two specific
biomarkers of Schwann cells (Figure 1A and
1B).
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Figure 3. CXCL12 induces migration through receptor CXCR4 (A) and p38MAPK (B) pathway. (C and D) Quantitative
analysis showing the effect of AMD3100 and SB203580 on Schwann cells migrating. Data are presented as mean
+SD,n =3, *P < 0.05, **P < 0.01, ****P < 0.0001. One-way ANOVA.

CXCL12 has no effect on Schwann cell prolif-
eration

The effects of CXCL12 on SCs proliferation
were examined using CCK-8 assay. It can be
seen that the number of cells increased as time
went by. However, there was no significant dif-
ference between CXCL12-treated group and
blank control group. These data show that
CXCL12 has no significant impact on prolifera-
tion of SCs (Figure 1C).

CXCL12 promotes Schwann cell migration

The function of CXCL12 to Schwann cell migra-
tion ability was analyzed by Transwell migration
assay. After 12 hours of cell spreading, migra-
tory cells were stained with crystal violet. As
shown in Figure 2, the number of migratory
cells increased at first and then decreased
with an increase of CXCL12 concentration. The
largest migration concentration was 100 ng/
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mL. These results suggest that CXCL12 dose-
dependent promotes migration of SCs, in a cer-
tain concentration range, and inhibits migra-
tion of SCs at higher concentrations.

Contribution of CXCR4 to CXCL12-induced mi-
gration in SCs

To analyze the contribution of CXCR4 to CXCL-
12-dependent migration in SCs, we employed
CXCR4 antagonist AMD3100 (100 ng/mL),
which selectively inhibits binding of CXCL12 to
CXCR4 without affecting other combinations
in SCs. Blocking CXCR4 with AMD3100 com-
pletely abolished CXCL12-induced migration
(Figure 3A and 3C). Additionally, compared with
control group, the number of cell migration was
significantly reduced by the addition of AMD-
3100 group alone. These data show that CX-
CL12 plays a role in migration relying on its
receptor CXCR4.

Int J Clin Exp Pathol 2018;11(6):3119-3125
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Figure 4. CXCL12 promotes the p38 phosphorylation on SCs (A). Expression of CXCL12 in SCs analyzed by Western
blot (B), g RT-PCR (C), and ELISA (D). Data are presented as mean + SD, n = 3, **P < 0.01, ****P < 0.0001. One-

way ANOVA.

CXCL12 supports and protects activation of
P38 MAPK signaling cascades

As demonstrated in Figure 3B and 3D, treat-
ment with SB203580, a p38 inhibitor, de-
creased the migrated cells in groups co-treat-
ed with CXCL12. Furthermore, levels of p-p38
in groups treated with CXCL12 was higher than
that of incubation with blank groups alone.
Expression of total p38 remained unchange-
able across different groups (Figure 4A). These
data suggest that CXCL12 functions to protect
or restore the activation level of p38 MAPK sig-
naling cascades blocked by SB203580 in SCs.

CXCL12 promotes autocrine of CXCL12 in SCs

To study why the use of AMD3100 alone could
reduce mobility of SCs, we performed Western
blot, RT-PCR, and ELISA to detect the level of
CXCL12. All three methods showed that expres-
sion of CXCL12 was significantly increased
after chemokine treatment (Figure 4B-D).

Discussion

Schwann cells play a crucial role in the regen-
eration of PNS [1]. A full understanding of the
molecular regulation mechanism of Schwann
cells would contribute to treatment of PNI. Our
experiments, for the first time, demonstrated
that CXCL12 promotes migration of Schwann
cells by positively affecting secretion of CXCL-
12 via acting on the CXCR4 receptor and
p38MAPK.

RSC96 SCs are cell lines that evolved from
rat Schwann cells and have been used in sev-
eral experiments to study Schwann cell migra-
tion [10-14]. However, there are many differ-
ences between cell lines and primary cells,
especially in migration direction [15], so we

3123

chose the primary extraction of Schwann cells
for experimental study. Herein, we found that
CXCL12 attracts SCs in a dose-dependent
manner and has the greatest effect at a con-
centration of 100 ng/mL, consistent with
a previous study at 100 ng/mL for optimal
physiological concentrations [16, 17]. When
the concentration reached 250 ng/mL, howev-
er, the number of cell migration decreas-
ed. We speculated that this may be related to
the saturation of CXCR4 receptor on Schwann
cell membranes. In addition, CXCR7, another
receptor of CXCL12, may also play an important
regulatory role. CXCL12 has an increased aff-
inity for CXCR7 when CXCL12 concentrations
are too high whereas CXCR7 operates as a sen-
sor for CXCL12 and adjusts CXCR4 protein lev-
els [18, 19]. The detailed relationship between
these two receptors in SCs requires further
elucidation.

As a chemokine, CXCL12 is generally consid-
ered to promote cell proliferation, particularly
significant in stem cell and tumor research [20,
21]. Our study found that the proliferation activ-
ity of Schwann cells is almost invariably affect-
ed by CXCL12 for up to three days. Tumor cells
and stem cells grow rapidly and cell prolifera-
tion is their main phenotype, but this is easily
changed by external intervention. The main
characteristic of SCs is the formation of myelin.
Proliferation is not the main phenotype and,
thus, is not easily affected.

Ju DT and Lv J reported that the p38MAPK
pathway is closely related to SCs migration
[11, 13]. Our experiments also confirm that
p38 MAPK pathway is involved in migration of
SCs and migrated cells are significantly reduc-
ed after SB203580 treatment. Nevertheless,
whether CXCL12 participates in cell migration
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through other pathways of MAPK, such as
ERK1/2, JNK, and ERK5, remains unknown and
further experimentation is needed.

During our experiment, we found that, com-
pared with the control group, AMD3100 group
significantly reduced the number of SCs mi-
gration. Further experiments found that CX-
CL12 can promote secretion of CXCL12 after
CXCL12 acts on SCs, thus, forming a positive
feedback regulation. In this process, the re-
gulatory signal can be amplified in a short
time, promoting migration of more SCs to
CXCL12. This is of major importance in the
study of repair of peripheral nerve injury. If
CXCL12 is slowly released at the lesion, only a
small amount of CXCL12 can play a pivotal role.

In summary, our findings demonstrate that
CXCL12 recognizes CXCR4 receptors in SCs
and promotes cell migration through the
p38MAPK pathway. This indicates that the
CXCL12/CXCR4 system is likely to become a
new therapeutic target for clinical application,
promoting regeneration and repair of peripher-
al nerve injuries.
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