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Astrocytes induce proliferation of oligodendrocyte progenitor cells via connexin
47-mediated activation of the ERK/Id4 pathway
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ABSTRACT
The proliferative ability of oligodendrocyte progenitor cells (OPCs) varied markedly under different culture
conditions. Astrocytes (ASTs) have been verified to play a major role in regulating the proliferation of OPCs
through direct contact. However, the mechanisms have not been fully clarified. To investigate the effect
and mechanism under AST and OPC co-culture conditions, we analyzed all connexins comprehensively in
OPCs under OPC mono-culture, AST-secreted cell factor co-culture and AST-OPC direct-contact co-culture,
and found that significantly differentially expressed Cx47 was the most significant. To assess whether Cx47
plays a role in proliferation, Cx47 siRNA were conducted. The result indicates that the cell cycle of OPCs was
changed, and the cell proliferation was markedly inhibited. Kyoto Encyclopedia of Genes and Genomes
(KEGG) predictive analysis suggested that Cx47 regulate cell cycle and proliferation by Ca2C activation of
ERK1/2. To verify the prediction, flow cytometry, confocal microscopy, 5-ethynyl-20-deoxyuridine (EdU),
polymerase chain reaction (RT-PCR) and western blot were used. The results show that interference of Cx47
led to decreased Ca2C concentrations, lower p-ERK 1/2 levels, reduced transcription factor inhibitor of DNA
binding 4 (Id4) expression, arrested cell cycle and reduced OPCs proliferative ability. Additionally, blocking
ERK1/2 signaling caused decreased Id4 expression, arrested cell cycle in G1 phase, and reduced OPCs
proliferative ability. In conclusion, ASTs can cause Ca2C signaling activation, ERK1/2 phosphorylation, and Id4
expression stimulation in OPCs, inducing proliferation of these cells, mainly through Cx47.

KEYWORDS
Astrocyte; Cx47; ERK1/2;
oligodendrocyte precursor
cell; proliferation

Introduction

Oligodendrocytes (OLs), the only myelin-forming cells in
the central nervous system, play an extremely important
role in maintaining the structural integrity of myelin and
facilitating the transmission of information. Many degenera-
tive diseases of the central nervous system are associated
with pathological demyelination and poor OLs development.
Demyelination is induced by the death and breakdown of
OLs and is the main feature of neurodegenerative diseases.1

As discovered by Lopez et al., loss of OLs is a significant
symptom of multiple sclerosis.2 Although neural stem cells
can form OLs,3,4 their ability to do so is limited. However,
oligodendrocyte progenitor cells (OPCs) are capable of
directional differentiation into mature OLs; furthermore,
OPCs demonstrate a high proliferative capacity and direc-
tional migration.5 Therefore, the key to repairing myelin is
to ensure massive proliferation of OPCs and their differen-
tiation toward OLs under specific conditions.

Astrocytes (ASTs) are the most abundant and major macro-
glia in the brain and, importantly, are a component of the
OPCs extracellular environment.6 The proliferation and differ-
entiation of OLs can be affected by multiple factors, including
AST-secreted growth factors,7,8 the cellular biologic clock,

exogenous hydrophobic compounds, and OLs density-depen-
dent negative feedback regulation.9 Recently, ASTs have been
shown to play a major role in regulating the proliferation and
differentiation of OPCs through secretion or direct contact.
However, the exact regulatory mechanism and many other
issues remain unclear. Thus, the purpose of the present study
was to investigate the effects and potential mechanisms of
ASTs on the growth and differentiation of OPCs.

Results

Astrocytes change the cell cycle and promote the
proliferation of oligodendrocyte progenitor cells through
direct contact co-culture

Purified OPCs and ASTs were obtained by conditioned culture.
The purity of both the OPCs and ASTs populations was higher
than 95%, as determined by labeling with the specific antigens
PDGFRa and GFAP, respectively (Fig. 1A).

The proliferative ability of OPCs varied markedly under dif-
ferent culture conditions. The AST-OPC group demonstrated a
substantially higher proliferative ability than the CO-OPC and
OPC groups (Fig. 1B). Additionally, a higher percentage of
newly born OPCs was found for the AST-OPC group (41.17 §
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3.30) compared with the CO-OPC (29.59 § 3.88) and OPC
(16.07 § 4.10) groups, as revealed by EdU assay in 10 fields
selected at random (p < 0.001, Fig. 1C). Cells in the AST-OPC
group were more likely to enter S-phase of the cell cycle; as
revealed by flow cytometry analysis, a higher percentage of S-
phase cells in the AST-OPC group (25 § 3.01) was observed
compared with the CO-OPC (18.94 § 1.56) and OPC (15.74 §
0.73) groups (p < 0.05, Fig. 1D).

Cx47 expression increases in OPCs co-cultured with ASTs
and mediates proliferation of OPCs

The development of coupling among mammalian glial cells,
especially oligodendrocytes, has not been carefully studied and
is of interest because cell-cell coupling may influence the prolif-
eration and differentiation of these cells.12-14 Increasing evi-
dence indicates that Cx-mediated communication among
ASTs, among OLs or between ASTs and OLs may be important

Figure 1. A: Phenotypic properties of cells in isolated culture. OPCs and ASTs were selected using PDGFRa (a) and GFAP (b) antibodies, respectively. B: Proliferation of
OPCs under different culture conditions were observed by inverted microscope (200£). OPCs in the AST-OPC demonstrated a higher proliferative ability than those in the
CO-OPC and OPC groups. C: The AST-OPC group showed a higher number of newly born OPCs, as detected by the EdU assay, than did the CO-OPC and OPC groups. D:
The AST-OPC group was more likely to enter into S-phase compared with the CO-OPC and OPC groups.
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for the development of OLs, including proliferation, differentia-
tion and myelination.15 After transcriptome sequencing (RNA-
Seq), significantly differentially expressed genes were defined as
Log2Ratio > 1, false discovery rate (FDR) < 0.001, and p <

0.01. The results showed 9 unique connexin proteins expressed
in OPCs. Significantly differentially expressed genes have 3.
Cx47 was the most significant difference gene in direct contact
with ASTs (Fig. 2A). Cx47 expression was upregulated accord-
ing to a hierarchically clustered heatmap (Fig. 2B).

The accuracy of sequencing was verified by RT-PCR using
10 genes differentially expressed between the OPC and AST-
OPC groups selected at random (Fig. 2C). We compared
changes between the results of RT-PCR and expression and
sequencing analyses. The 2 sets of data were consistent, proving
that the sequencing results were accurate and reliable.

Western blot analysis revealed that Cx47 was significantly
elevated in the AST-OPC group (2.54 § 0.06) compared with
the OPC (1 § 0.06) and CO-OPC (1.97 § 0.07) groups (p <

0.001, Fig. 3A). Therefore, we performed a screen to identify
siRNA effective at silencing Cx47 by RT-PCR and Western blot
(Fig. 3B, C, D).

Increased Cx47 expression mediates Ca2C elevation and
promotes ERK1/2 phosphorylation in OPCs

In our transcriptome sequencing database (date not show),
KEGG predictive analysis suggested that Cx47 regulate cell
cycle and proliferation by Ca2C activation of ERK1/2(http://
www.kegg.jp/kegg-bin/show_pathway?ko04540). An intracellu-
lar Ca2C assay using flow cytometry revealed the highest cal-
cium signal in the AST-OPC group, and the intracellular
calcium signal was significantly attenuated after Cx47 silencing
(617 § 54.24) compared with the AST-OPC (1044 § 282.20)
and NC siRNA (1008 § 174.35) groups (p < 0.05, Fig. 4A).
Laser confocal microscopy analysis also showed significantly
reduced fluorescence intensity of the calcium signal after Cx47
siRNA treatment (p < 0.001 Fig. 4B).

Western blot analysis showed that ERK1/2 expression did not
significantly change after Cx47 silencing. However, the p-ERK1/
2 level was significantly decreased in Cx47 siRNA group (0.41 §

0.06), and this difference reached statistical significance com-
pared with the AST-OPC (1 § 0.07) and NC siRNA (0.91 §
0.09) groups (p < 0.001, Fig. 4C).

Together, these results suggest that AST-OPC contact co-
culture can increase intracellular Ca2C concentrations and facil-
itate ERK1/2 phosphorylation in OPCs via Cx47. Silencing of
Cx47 reduces Ca2C influx, resulting in a lower intracellular
Ca2C concentration and decreased ERK1/2 phosphorylation.

Cx47 promotes OPCs proliferation by increasing ERK1/2
phosphorylation

ASTs might mediate OPCs proliferation through Cx47. Our
EdU assay results showed that cell proliferation was markedly
inhibited after Cx47 siRNA treatment. The number of newly
born OPCs in the Cx47 siRNA group declined to (14.11 §
2.67), and the difference was significant compared with the
AST-OPC (53.37 § 3.27) and NC siRNA (51.15 § 5.07) groups
(p < 0.001, Fig. 5). These results suggest that ASTs can mediate
the proliferative activity and markedly increase the number of
OPCs through Cx47.

Blocking ERK1/2 phosphorylation with the inhibitor U0126
may prevent Cx47-mediated cell proliferation. Following a 48h
treatment with U0126 and inhibition of ERK1/2 phosphoryla-
tion, EdU assay results showed a significant decrease in Cx47-
mediated cell proliferation from (53.37 § 3.27) to (13.74 §
2.15) (p < 0.001, Fig. 5). These results suggest that the ability of
ASTs to promote the proliferation of OPCs is closely associated
with Cx47-mediated ERK1/2 phosphorylation.

Cx47 upregulates expression of transcription factor Id4
and promotes proliferation of OPCs through ERK1/2
phosphorylation

Analysis of the cell cycle by flow cytometry revealed that Cx47
siRNA treatment altered the percentage of OPCs in different
phases. Specifically, the percentage of S-phase cells decreased to
(11.32§ 0.70), and a significant difference was detected compared
with the AST-OPC (28.02 § 2.47) and NC siRNA (29.17 § 3.16)
groups (p< 0.001, Fig. 6A). In contrast, the percentage of G1-phase

Figure 2. OPCs were harvested from each group after 48h, Cx47 may increase by co-culture with AST.A: Expression of 9 different connexin proteins under different culture
conditions. Significantly differentially expressed genes have 3. Cx47 was the most significant. B: Differential expression of the Cx47 gene in a hierarchically clustered heat-
map (red is upregulated; green is downregulated). C: RT-PCR verification of 10 differentially expressed genes selected at random; the results are consistent with RNA-Seq
data.
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cells increased to (72.53§ 1.74), with a significant difference com-
pared with the AST-OPC (61.22§ 1.23) and NC siRNA (61.95 §
4.83) groups (p< 0.01, Fig. 6A).

RT-PCR results showed a decrease in Id4 expression after
Cx47 siRNA treatment. A significant difference was detected
compared with the AST-OPC and NC siRNA groups (p < 0.
001, Fig. 6B).

Blocking ERK1/2 phosphorylation might suppress the abil-
ity of Cx47 to regulate cell cycle and promote cell proliferation.
The results of Western blotting showed that U0126 caused a
marked decrease in ERK1/2 phosphorylation (Fig. 4C). Flow
cytometry analysis of the cell cycle indicated that blocking
ERK1/2 phosphorylation with U0126 suppressed the ability of
Cx47 to increase the percentage of S-phase cells in OPCs, but
an increased percentage of G1-phase cells. Both the decrease in
S-phase cells and the increase in G1-phase cells reached statisti-
cal significance compared with the AST-OPC group (p < 0.05,
Fig. 6A). Indeed, RT-PCR showed that U0126 treatment
resulted in reduced levels of Id4 expression (p < 0.05, Fig. 6B).

The above results show that blocking ERK1/2 phosphoryla-
tion can reverse the ability of Cx47 to regulate cell cycle and
promote cell proliferation. This leads to the hypothesis that
ASTs can promote ERK1/2 phosphorylation and regulate the
cell cycle through Cx47, thereby facilitating the proliferation of
OPCs.

Discussion

Neurodegenerative disease is often progressive and has high
morbidity, high mortality, and poor treatment response.
Many degenerative diseases of the central nervous system
are associated with pathological demyelination and inade-
quate development of OLs. Thus, myelin repair and regen-
eration are essential for treating demyelination. As the only
myelin-forming cells in the central nervous system, OLs
play an extremely important role in maintaining the struc-
tural integrity of myelin and in facilitating the transfer of
information. OPCs, i.e., immature OLs, are pluripotent stem

Figure 3. OPCs were harvested from each group after 48 h. A : Cx47 expression under different culture conditions tested by western blot, ��p < 0.001 vs OPC, ##p <

0.001 vs CO-OPC. B: Cx47 expression under different culture conditions detected by RT-PCR. �p < 0.01, ��p < 0.001 vs AST-OPC. ##p < 0.001 vs NC siRNA. C: Western blot
screening of Cx47 siRNA, ��p < 0.001; D: Western blot assay of Cx47 expression after Cx47 siRNA treatment, ��p < 0.001 vs AST-OPC, ##p < 0.001 vs NC siRNA.
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cells that function in in vivo proliferation, migration, and
terminal differentiation into mature OLs as well as in mye-
lin formation. Therefore, promoting OPCs proliferation has
become a target of experimental research and disease
treatment.

Previous studies have shown that polypeptide factors,
including platelet-derived growth factor (PDGF-a), basic
fibroblast growth factor (bFGF), and the nerve growth fac-
tor neurotrophin-3 (NT-3), are closely associated with OPC

proliferation.16-18 In the current study, we found that both
CO-OPC and AST-OPC groups markedly promoted the
proliferation of OPCs. With increasing culture time, a sig-
nificant increase in the number of OPCs was observed com-
pared with the OPC group, and this effect was most
significant for the AST-OPC group. Cell cycle analysis of
exponential-phase OPCs by flow cytometry showed the
highest percentage of S-phase cells for the AST-OPC group,
and significant differences were detected compared with the

Figure 4. Proliferation of OPCs by AST induced calcium signaling and phosphorylated ERK1/2. A: OPCs were treated with Cx47 siRNA for 48 h. Decreased calcium signaling
was detected by flow cytometry. B: OPCs were treated with Cx47 siRNA for 48 h. Attenuated calcium signaling was revealed by confocal microscopy. C: p-ERK levels
decreased after Cx47 siRNA treatment and U0126-mediated ERK1/2 inhibition (�p < 0.01, ��p < 0.001 vs AST-OPC, ##p< 0.001 vs NC siRNA).
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2 other groups (OPC and CO-OPC groups). Moreover, the
number of newly born OPCs detected by the EdU assay
was higher for the AST-OPC group than for the OPC and
CO-OPC groups. These results suggest that ASTs regulate
the proliferation of OPCs through connexin.

Connexin is the basic functional protein constituting GJ
channels. Six connexin proteins are connected by non-cova-
lent bonds to form a hemichannel, and hemichannels on
the membrane surface of 2 adjacent cells form a complete
GJ intercellular channel.19 GJs allow small molecules with a
molecular weight of less than 1.2 kD and a diameter of less
than 1.5 nm to pass through, including ions, metabolic mol-
ecules, and second messengers (e.g., Ca2C, IP3, cAMP, and
ATP).20 In the central nervous system, ASTs (the most
abundant glial cells) and OLs form heterotypic GJs through
connexin, thereby establishing gap-junctional intercellular
communication. Connexin and intercellular communication
play essential roles in regulating embryonic development,
maintaining tissue/organ homeostasis, cell metabolism, and
cell morphology and controlling growth.21-23 Moreover, GJs
have an important function in the generation and

maintenance of myelin.24 In this study, we analyzed changes
in expression of all 9 connexin proteins found in OPCs
under different culture conditions using next-generation
transcriptome sequencing. Our results showed that OPCs
mainly expressed Cx32, Cx47, and Cx45, unlike mature
OLs, which mainly expressed Cx47, Cx32, and Cx29. Cx47
demonstrated the most significant change: its expression
increased 7.2-fold under OPC and AST-OPC co-culture
conditions. Following Cx47 siRNA interference, the ratio of
OPCs was reduced in S-phase and arrested in G1-phase,
and the proliferative ability of OPCs was markedly
decreased. The results suggest that proliferation and metab-
olism-related material and information exchanges between
ASTs and OPCs are primarily mediated by cell-surface
Cx47.25 Cx47 is mainly expressed by OLs.24,26 Cx47 expres-
sion relies on Cx43 in ASTs, and heterotypic GJs formed by
ASTs and OLs are the major form of (O/A) GJs.27

GJs allow ASTs in different regions to form 3-dimen-
sional channel structures with other glial cells and to propa-
gate intracellular calcium signaling,28 among other
important functions. Herrero-Gonz�alez et al. noted that

Figure 5. EdU assay of the percentage of newly born OPCs following Cx47 siRNA treatment and U0126-mediated inhibition of ERK1/2. The percentage was significantly
decreased compared with the AST-OPC direct-contact and NC siRNA groups.
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calcium signaling through GJs can cause an increase in free
calcium in neighboring cells,29 and a study by Parys et al.
showed that calcium signaling can be transmitted from
ASTs to OLs.30 This is consistent with our confocal micros-
copy findings regarding Ca2C content, whereby Cx47 siRNA
treatment resulted in a marked reduction in Ca2C influx.
Stains et al. noted that a relationship exists between GJs
and intracellular ERK1/2 activation.31 Although we found
no significant change in the relative expression of ERK1/2
after Cx47 siRNA treatment, p-ERK1/2 was substantially
decreased. These results suggest that Cx47-mediated activa-
tion of p-ERK1/2 depends on increased Ca2C in OPCs.

Id proteins comprise a family of helix-loop-helix (HLH)
transcription factors, including Id1–Id4. Id proteins lack the
basic amino acids essential for DNA binding and play a nega-
tive regulatory role in bHLH transcriptional activity, thereby
inhibiting cell differentiation and promoting cell prolifera-
tion.32 Expression of Id protein is upregulated in normal cells,
which promotes DNA synthesis and cell cycle progression
from G1 to S phase, thus contributing to normal cell prolifera-
tion. Moreover, Id can increase proliferation and suppress dif-
ferentiation in OLs.33,34 In the present study, Id4 gene
expression was downregulated after Cx47 siRNA treatment and
ERK1/2 inhibition compared with AST-OPC and NC siRNA
groups. Furthermore, the percentage of G1-phase OPCs was
significantly increased, and their proliferative ability was sub-
stantially reduced. Based on the above findings, we propose
that Cx47 causes the proliferation of OPCs through ERK-
induced Id4.

In summary, Cx47 is the leading factor that mediates AST-
induced proliferation of OPCs after in vitro co-culture of ASTs
and OPCs. ASTs can significantly increase intracellular Ca2C

concentrations, activate ERK/Id4, and regulate the cell cycle
and proliferative ability of OPCs through Cx47, which is a key
finding for future studies of remyelination.

Materials and methods

Animals

Neonatal Sprague-Dawley rats (P0–P3) were provided by the
Experimental Animal Center of Chongqing Medical University.
Animal use in this study was in the accordance with
the internationally accepted principles for laboratory animal
use and care. The neuroblastoma cell line B104 was kindly pro-
vided by the Third Military Medical University.

Collection of B104 supernatant

B104 cells were cultured using DMEM/F12 medium (Gibco)
supplemented with 12% fetal bovine serum (FBS, 10099–141,
Gibco) until they reached 80–90% confluence. After washing
with phosphate-buffered saline (PBS), the cells were transferred
to DMEM/F12 medium with 1% N-2 supplementation
(A1370701, Gibco) and cultured for another 4 d. The superna-
tant was then collected, centrifuged, filtered and stored at
¡80�C.

Primary culture of OPCs

Neonatal Sprague-Dawley rats (P0–P3) were anesthetized by
being buried in ice for 5 min. Then, the rats were sprayed with
alcohol and decapitated. After washing with pre-cooled PBS,
the telencephalon was separated, and the meninges, cerebrum,
cerebellum, hippocampus and surrounding white matter,
brainstem, and olfactory bulb were removed. The remaining
brain gray matter and part of the white matter were used in the
experiment. The tissues were chopped and pipetted to form a
cell suspension. The cell suspension was plated into a poly-D-
lysine (PDL)-pre-coated Petri dish, and the medium containing
12% FBS was changed every other day. When the cells reached
70–80% confluence after 3–5 days, the medium was changed to

Figure 6. A: After Cx47 siRNA treatment, the percentage of S-phase cells decreased, and a significant difference was detected compared with the AST-OPC and NC siRNA
groups. After blocking ERK1/2 phosphorylation, the percentage of S-phase cells decreased compared with the AST-OPC. B: Cx47 siRNA treatment and U0126-mediated
inhibition of ERK1/2 resulted in decreased expression of the downstream transcription factor Id4 (& p < 0.05, ��p < 0.001 vs AST-OPC, ##p < 0.001 vs NC siRNA).
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proliferation medium containing 15% B104 supernatant and
1% N-2 supplementation. The cells were cultured to 7–9 d and
then digested using Ethylenediaminetetraacetic Acid (EDTA;
Beyotime Biotechnology) for 10 min with appropriate pipet-
ting. Sufficient cell number was gotten, culturing with prolifera-
tion medium for another 2–4 d. The same digestion and
separation method were treated as described above. Finally, the
cells were passaged and purified to obtain.

Primary culture of ASTs

Neonatal Sprague-Dawley rats (P0–P3) were treated as
described in section 1.1.2. The brain gray matter and part of
the white matter were chopped and then digested with trypsin.
The digested solution was filtered through a 200-mesh cell
strainer and centrifuged at 1,200 rpm for 5 min. The cells were
resuspended in a glass Petri dish and cultured for adherent
growth in an incubator for 20 min. The single cell suspension
was plated onto a PDL-pre-coated Petri dish, and the medium
containing 12% FBS was changed every other day.

Establishment of AST-OPC co-culture model experimental
groups

Conventional OPC mono-culture group (OPC group): Purified
OPCs (1–2 £ 104/cm2) were evenly seeded into a 6-well plate
and cultured in proliferation medium for 72 h.

Cell factor co-culture group (CO-OPC group): Purified ASTs
were seeded into the upper compartment and cultured until 90%
confluence was reached. Purified OPCs were then evenly seeded
into a 6-well plate and cultured in proliferation medium for 72 h.

AST-OPC direct-contact co-culture group (AST-OPC
group): After ASTs were seeded until 90% confluence, OPCs
were then evenly seeded onto the surface of the ASTs and cul-
tured in proliferation medium for 72 h.

Negative control Cx47 siRNA group (NC siRNA group), Cx47
siRNA group, and ERK1/2 blocker group (U0126 group): Puri-
fied ASTs were seeded into a 6-well plate and cultured until 90%
confluence was reached. Purified OPCs were then evenly seeded
onto the surface of the ASTs. When 50–60% confluence was
reached, the transfection complex (Cx47 siRNA: CCGAGAAGA
CTGTCTTCTT; RiboBio, Guangzhou, China) and U0126
(10mM, HY-12031, MedChem Express) were added for 48 h.

Immunofluorescence

Immunofluorescence was performed as described previously.10

Antibodies and their sources are: GFAP (1:200,556330,BD Bio-
sciences), PDGFaR (1:200,SC-338,Santa Cruz), Alexa Fluor-
conjugated goat anti-mouse and anti-rabbit IgG (Beyotime
Biotechnology).

Cell cycle analysis by flow cytometry

OPCs were harvested from each group, washed twice with PBS,
and fixed in 70% cold ethanol at 4�C overnight. After centrifu-
gation and PBS washes, propidium iodide and RNase working
solutions were added to the cells for staining for 30 min. The
cell cycle was analyzed by flow cytometry.

EdU assay of cell proliferation

OPCs were adjusted to a cell density of 1 £ 106/ml and seeded
into a 24-well plate pre-coated with PDL. Cell staining was per-
formed using an EdU kit (RiboBio), and images were acquired
using confocal microscopy.

RT-PCR validation of differentially expressed connexins

Total RNA was extracted from samples using Trizol and cDNA
generated by cDNA Synthesis Kit (RR047A, Takara). The follow-
ing primer sequences were used: Cx47, 50-GAGGATGAGGACG
AGGAACCA-30 and 50-CACCGTCTTTCCATCACCTCC ¡30;
and Id4, 50-GCCCAACAAGAAAGTCAGCAA-30 and 50-CTGT
CTCAGCAGAGCAGGGTG-30. 2¡DDCt method was used to ana-
lyze real-time PCR data.

Intracellular Ca2C assay

OPCs were treated for 48 h. Following treatment, cells were
loaded with 5 mM Fluo 3-a.m. for 30 min at 37�C (Beyotime
Biotechnology). After loading, the cells were washed with PBS
and suspended in DMEM.

Western blotting for Cx47 and ERK1/2 protein expression

OPCs were processed in ice-cold lysis buffer followed by West-
ern blot analysis as described previously.11 Antibodies and their
sources are: Cx47 (1:500,BS7447,Bioworld Technology), ERK
(1 : 10000,ab76299,Abcam), p-ERK (1:1000,ab214036,Abcam),
or GAPDH (1:10000, ab181602,Abcam).

Statistical analysis

All experiments were repeated at least 3 times. SPSS 17.0 statis-
tical software was used for the statistical analysis. All values are
expressed as the mean § SD. Differences were tested using
analysis of variance (ANOVA). P<0.05 was considered
significant.
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