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Abstract: Previous studies have demonstrated extracorporeal cardiac shock waves (ECSW) could induce angio-
genesis and improves myocardial function in patients with coronary heart diseases as a safe, effective, and non-
invasive angiogenic approach. The endothelial progenitor cells (EPCs) can migrate to the ischemic myocardium
and differentiate into vascular endothelial cells, thus promoting the angiogenesis. Whether ECSW can improve the
angiogenic ability of EPCs is unclear. This topic studied the effects of ECSW Therapy on EPCs functions and related
signal transduction pathways. The bone marrow-derived EPCs of SD rats were isolated by the density centrifugation
method. After treatment with ECSW (500 shots at 0.09 mJ/mm?), the cell viability, anti-apoptosis, migration, and
tube formation of EPCs were significantly improved. In addition, the expressions of phosphorylated AKT and ERK
were increased after ECSW treatment, the expressions of downstream signaling molecules eNOS and Bcl-2 were
also increased, but the expressions of Bax and Caspase3 were decreased. However, these beneficial effects can
be inhibited by PI3K/AKT inhibitor LY294002 and MEK/ERK inhibitor PD98059. Together, ECSW can promote the
cell viability, migration, and angiogenic ability of EPCs and inhibit the apoptosis of EPCs through the PI3K/AKT and
MEK/ERK signaling pathways. The mechanism may be related to promoting the expressions of downstream p-eNOS
and anti-apoptotic protein Bcl-2 and inhibiting the expressions of pro-apoptotic protein Bax and Caspase3 through
the PIBK/AKT and MEK/ERK signaling pathways.
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Introduction

Current drug therapies, percutaneous translu-
minal coronary angioplasty (PTCA), and coro-
nary artery bypass grafting (CABG) are three
major therapeutic options for coronary heart
diseases. However, due to the existence of in-
complete revascularization, complexity of surgi-
cal procedures, risk of surgery, and high cost of
surgery, the prognosis for patients with severe
coronary heart diseases without indications for
PCl or CABG still remains poor. Even some
patients having undergone conventional stan-
dard treatment may still occur myocardial isch-
emia [1-3]. Therefore, it is crucial to develop
alternative therapeutic strategies for severe
coronary heart diseases.

ECSW system (MODULITH SLC, STORZ ME-
DICAL, Switzerland) was developed and applied

in coronary heart diseases based on multi-year
experience of urinary lithotripsy treatment.
ECSW has shown to induce angiogenesis and
improve myocardial function in the cellular, ani-
mal and clinical studies, suggesting that ECSW
is an effective and noninvasive therapeutic
strategy for myocardial ischemia [4-11]. Despite
this, further studies are needed to determine
the precise molecular mechanism for ECSW-
induced angiogenesis and recovery of myocar-
dial function.

Bone marrow-derived stem cells have been
used in recent trials for myocardial regenera-
tion and neoangiogenesis [12]. However, bone
marrow-derived stem cells are composed of a
heterogeneous group of cells, and many contro-
versies regarding the ideal subtype for cell ther-
apy still remain [13]. Studies have indicated
extracorporeal shock waves can enhance pro-
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liferation of bone marrow mesenchymal stem
cells (MSCs), inducing conversion of MSCs into
osteoblasts, which may be one of the effective
mechanisms for treating avascular necrosis of
the femoral head [14]. EPCs, also known as
hemangioblasts, are the precursor cells of vas-
cular endothelial cells. They are a group of cells
with migratory characteristics that can self-
renew, proliferate, and differentiate into vascu-
lar endothelial cells. The number and function
of EPCs could be affected in patients with coro-
nary heart diseases or cardiovascular risk fac-
tors, indicating that these risk factors not only
directly alter the function of vascular endothe-
lium but also impair EPCs-mediated endothelial
repair [15-17]. Studies have suggested that
improving the angiogenic ability of EPCs by
drugs and other interventions is an effective
new method for the prevention and treatment
of ischemic heart diseases [18]. Therefore,
whether non-invasive ECSW treatment can
improve the function of EPCs, thus promoting
the endothelial repair and angiogenesis in
patients with coronary heart diseases, is wor-
thy of further studies. The PISBK/AKT and MEK/
ERK signaling pathways play important roles in
promoting the mitotic transformation and regu-
lating the expressions of various growth factors
and downstream cytokines [19-21]. Studies
targeting the effects of ECSW on EPCs function
and related molecular mechanisms have not
been reported. In the present study we have
investigated the effects of ECSW on EPCs func-
tion in vitro and the related molecular mecha-
nism and assessed whether these effects
might be mediated by PIBK/AKT and MEK/ERK
signaling pathways, aiming to provide theoreti-
cal basis for ECSW in promoting the angi-
ogenesis.

Material and methods
Culture and identification of EPCs

Murine bone marrow-derived EPCs were isolat-
ed from 4-week-old SD rats by the density cen-
trifugation method. The harvested cells were
resuspended in complete medium (EGM-2)
(lonza) and cultured at 37°C under an atmo-
sphere of 5% CO,. Four hours later, non-adher-
ent cells were removed, and the adherent cells
were cultured continuously. Only adherent cells
were used in further experiments. The medium
was changed every three day. Third to fourth

3896

passage cells were then harvested for subse-
quent tests.

Cell identification: For characterization, after 7
days of culture, the cells were incubated with
10 mg/ml Dil-AcLDL for 4 hours, fixed with 4%
paraformaldehyde and then incubated with 10
mg/ml FITC-UEA-1 for 1 h. Dual staining for Dil-
AcLDL uptake and lectin from FITC-UEA-1 bind-
ing was used for EPC confirmation. Flow cytom-
etry was further performed to identify cell
markers of EPCs using the following mouse
monoclonal antibodies: FITC-CD31, FITC-CD34,
FITC-CD133, APC-VEGFR-2.

Experimental grouping and ECSW processing

The EPCs in logarithmic growth phase were har-
vested from the cultures and placed in a 5 ml
cryotubes, and divided into 6 groups: the vehi-
cle group (added with the same volume of
DMSO); group ECSW (treated with ECSW);
group LY294002 (pretreated with PISK/AKT
inhibitor [5 pM] LY294002 for 30 min, without
ECSW treatment); group PD98059 (pretreated
with MEK/ERK inhibitor [10 yM] PD98059 for
30 min, without ECSW treatment); group
ECSW+LY294002 (pretreated with PISK/AKT
inhibitor [5 uM] LY294002 for 30 min, then
treated with ECSW); group ECSW+PD98059
(pretreated with MEK/ERK inhibitor [10 uM]
PD98059 for 30 min, then treated with ECSW).
During the experiments, DMSO was used as
the solvent of LY294002 and PD98059. We
treated EPCs with a low-energy shock wave
(0.09 mJ/mm?2, approximately 10% of the ener-
gy for the lithotripsy treatment, total of 500
shots) generated by ECSW system (MODULITH
SLC, STORZ MEDICAL, Switzerland). The cells
were cultured for 24 hours at 37°C under an
atmosphere of 5% CO, before subsequent
testing.

Cell viability assay

The cell viability was measured by MTT assay.
100 pL of cell suspension (about 5 x 10* cells/
well) was seeded in a 96-well plate and incu-
bated 24 hours after treated with different
methods as described above. 10 ul of MTT
solution (5 mg/ml) was added into each well
and cultured for 4 hours. Then the cells were
added with 150 pl of DMSO and incubated for
another 20 min in one incubator. Finally, the
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absorbance (OD) at 490 nm was measured by
ELISA.

Flow cytometry

The apoptosis was detected using the Annexin
V-FITC/PI staining kit. After being collected, the
cells were washed twice with PBS and resus-
pended in Annexin V-binding buffer. 100 pl of
such cell suspension was added to new tubes,
stained with 5 ul of Annexin V-FITC and PI for 15
min incubation at room temperature in dark-
ness, then analyzed by flow cytometry (flow
instrument model: Partec flow).

Cell migration assay

Transwell chamber was used to observe the
cell migration. The cells in each group were col-
lected, and resuspended in 2% FBS EGM-2
medium. 1 x 10° cells in 500 yL medium (2%
FBS in EGM-2 medium+2 ng of VEGF) was
added to the lower chamber, and 100 L of the
cell suspension was added to the upper cham-
ber. The chamber was collected 24 hours later.
The cells on the bottom of the Transwell mem-
brane were fixed with 4% paraformaldehyde for
30 min and stained with 1% crystal violet for 15
min. Three randomly microscopic fields were
selected to enumerate the cells under an in-
verted microscope.

Tube formation assay

Matrigel basement membrane matrix was used
to evaluate the tube formation ability of the
cells. The Matrigel was thawed overnight at 4°C
and diluted with DMEM/F12 medium (ratio
1:1), then added into 96-well plates (50 uL/
well). The Matrigel was then coagulated by plac-
ing in one 37°C incubator for 30 min. The cells
in 100 yL of EGM-2 medium each group were
inoculated into wells (10* cells per well), and
incubated in an incubator for later observation.
After overnight of incubation, three randomly
microscopic fields were selected to observe the
capillary-like structures and calculate the tube
length.

Western blot analysis

After being lysed with the RIPA lysate contain-
ing protease inhibitors, the cell lysates were
collected, and the supernatant was taken for
protein concentration determination and We-
stern blot analysis. The same amount of protein

3897

sample was subjected to SDS-PAGE electro-
phoresis, followed by membrane transferring
and overnight blocking. The rabbit anti-human
AKT antibody, Phospho-AKT antibody, ERK1/2
antibody, Phospho-ERK1/2 antibody, eNOS
antibody, p-eNOS antibody, Bax antibody, Bcl-2
antibody, and Caspase3 antibody with appro-
priate dilution ratios were added onto the pro-
tein transfer membrane for overnight hybridiza-
tion at 4°C; after washing, the horseradish
peroxidase-labeled secondary antibody cross-
linker was added and reacted at room tempera-
ture for 1-2 h. The above detection used B-actin
as the internal reference. The protein transfer
membrane was developed with ECL enhanced
chemiluminescence reagent, and the gray
scale data obtained by electronic computer
gray scale scanning were then used for
analysis.

Statistical analysis

Data analysis was performed using SPSS 17.0
statistical software. The experimental data
were expressed as mean * standard deviation
(x £ s). All quantitative data were analyzed with
one-way ANOVA, followed by Fisher’s least sig-
nificant difference (LSD) method for pair-wise
multiple comparisons. If the variance was not
uniform, the rank sum test can be used. A =
0.05 was set as the test level, and P<0.05 was
considered as statistical significance.

Results
Culture and identification of cells

The isolated mononuclear cells were small
while uniform in size, round and unevenly dis-
tributed at the bottom of culture flask (Figure
1A); on Day 3, adherent, oval or short spindle
cells can be observed (Figure 1B). On Day 7,
most of the cells became spindle and showed
typical colony growth. The cells at the colony
center were partially necrotic, and the sur-
rounding cells arranged radially (Figure 1C). On
Day 14, the cells around the colony center grad-
ually merged and formed line-like arrangement
(Figure 1D); on Day 20, the cells joined and
formed capillary-like structure (Figure 1E).

After 7 days of culture (typical culture period
before further experiments), adherent EPCs
were characterized by immunofluorescence.
They were double positive staining for Dil-AcLDL
and FITC-UEA-1 (Figure 1F-H). Flow cytometry
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Figure 1. Culture and identification of rat bone-derived EPCs. A-E. On Day 1, Day 3, Day 7, Day 14, and Day 20 of
culture, the morphology of EPCs cells is observed under an inverted microscope (magnification x100). F-H. Immu-
nofluorescence staining of EPCs double positive for Dil-AcLDL and FITC-UEA-1. Scale bar =100 pm. I. Cell markers
(CD31, CD34, CD133 and VEGFR-2) of EPCs were identified by flow cytometry.

assay showed that the majority of EPCs were
positive for CD31, CD34, CD133 and VEGFR-2
(Figure 1l), indicating that EPCs were success-
fully isolated from rat bone marrow.

ECSW promotes the cell viability of EPCs and
inhibits the apoptosis of EPCs

The cell viability of EPCs in each group was
detected by MTT assay. The results (Figure 2A)
showed that ECSW promoted the cell viability of
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EPCs while pretreatment with PISK/AKT inhibi-
tor LY294002 or MEK/ERK inhibitor PD98059
inhibited this effect of ECSW.

Cell apoptosis assay with Annexin V-FITC and PI
double staining (Figure 2B, 2C) revealed that
ECSW protected EPCs from apoptosis while
pretreatment with PI3K/AKT inhibitor LY29-
4002 or MEK/ERK inhibitor PD98059 inhibited
this effect of ECSW.
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Figure 2. ECSW promotes the cell viability of EPCs and inhibits the apoptosis through the PI3K/AKT and MEK/ERK
signaling pathways. A. Quantitative analysis of the cell viability of EPCs in each group. ECSW promoted the cell viabil-
ity of EPCs while pretreatment with PI3K/AKT inhibitor LY294002 or MEK/ERK inhibitor PD98059 inhibited this ef-
fect. Data are presented as mean + SD, N=5. "P<0.05 vs group vehicle, P<0.05 vs group ECSW. B. The percentage
of apoptotic cells with Annexin V-FITC positive expression was used to assess EPC apoptosis. ECSW protected EPCs
from apoptosis while pretreatment with PI3K/AKT inhibitor LY294002 or MEK/ERK inhibitor PD98059 inhibited this
effect of ECSW. Data are presented as mean + SD, N=3. “P<0.05 vs group vehicle, #*P<0.05 vs group ECSW. C. Cell
apoptosis was detected by Annexin V-FITC and Pl double staining and analyzed with flow cytometry.

ECSW promotes the migration and tube forma-
tion of EPCs

The Transwell chamber assay was used to
detect the migration ability of EPCs in different
groups. As shown in Figure 3, ECSW improved
the migration of EPCs while pretreatment with
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PI3BK/AKT inhibitor LY294002 or MEK/ERK
inhibitor PD98059 inhibited this effect of
ECSW.

We examined the tube formation of EPCs by
using Matrigel assay, and the tube length was
used to express the ability of angiogenesis. As
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Figure 3. ECSW promotes the migration of EPCs through the PI3K/AKT and MEK/ERK signaling pathways. The tran-
swell chamber assay was used to measure the migration capacity of EPCs in different groups, and the number of
migrated cells was counted using an inverted microscope. ECSW improved the migration of EPCs while pretreatment
with PI3BK/AKT inhibitor LY294002 or MEK/ERK inhibitor PD98059 inhibited this effect of ECSW. Scale bar =100
um. Data are presented as mean + SD, N=3. "P<0.05 vs group vehicle, #P<0.05 vs group ECSW.
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Figure 4. ECSW promotes the tube formation of EPCs through the PI3K/AKT and MEK/ERK signaling pathways.
The Matrigel assay in vitro was used to investigate the effect of ECSW on angiogenesis in EPCs, three randomly
microscopic fields were selected to observe the capillary-like structures and calculate the tube length. ECSW im-
proved the tube forming ability of EPCs while pretreatment with PI3BK/AKT inhibitor LY294002 or MEK/ERK inhibitor
PD98059 inhibited this effect of ECSW. Scale bar =50 ym. Data are presented as mean + SD, N=3. *P<0.05 vs

group vehicle, #P<0.05 vs group ECSW.

shown in Figure 4, ECSW improved the tube for-
mation of EPCs while pretreatment with PISK/
AKT inhibitor LY294002 or MEK/ERK inhibitor
PD98059 inhibited this effect of ECSW.

ECSW activates the EPCs PI3K/AKT and MEK/
ERK signaling pathways, promotes the expres-
sions of p-eNOS and Bcl-2, and inhibits the
expressions of Bax and Caspase3

Western blot assay was used to assessed the
effects of ECSW on EPCs’ function might be
mediated by PI3K/AKT and MEK/ERK signaling
pathways. The results (Figure 5A-C) showed
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that the phosphorylation levels of AKT and ERK
in group ECSW were significantly higher than
those in group vehicle, but the phosphorylation
levels of AKT and ERK were decreased after
LY294002 and PD98059 were added res-
pectively.

The expressions of downstream signaling mol-
ecules p-eNOS, eNOS, Bcl-2, Bax and Caspase3
in different groups were further examined by
Western blot. These factors play important
roles in regulating the function of EPCs. The
results (Figure 5A, 5D-G) showed that the
phosphorylation of eNOS and the expression of
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Figure 5. ECSW promotes the expressions of p-eNOS and Bcl-2 and inhibits the expressions of apoptotic factor Bax

and Caspase3 through the PI3BK/AKT and MEK/ERK signaling

pathways. A. Western blotting analysis of AKT, p-AKT,

ERK, p-ERK, P-eNOS, eNOS, Bcl-2, Bax, and caspase3 protein in EPCs. B-G. Quantification analysis of the expres-
sion levels of p-AKT, p-ERK, P-eNOS, Bcl-2, Bax, and caspase3 based on the Western blotting analysis results. the
expressions of p-AKT and p-ERK were increased after ECSW treatment, the expressions of downstream signaling
molecules eNOS and Bcl-2 were also increased, but the expressions of Bax and Caspase3 were decreased. How-
ever, these beneficial effects can be inhibited by PI3K/AKT inhibitor LY294002 and MEK/ERK inhibitor PD98059.
Data are presented as mean + SD. “P<0.05 vs group vehicle, #*P<0.05 vs group ECSW.

Bcl-2 were increased after ECSW treatment,
but the protein expressions of Bax and Cas-
pase3 were decreased. After LY294002 and
PD98059 were added, respectively, these ben-
eficial effects were inhibited.
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Discussion

When the myocardium occurs ischemia and
necrosis, the body can compensatively form
new capillaries, but the reconstruction of this
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microcirculation is not enough to meet the
needs of the body to improve the myocardial
blood supply. Finding a new non-invasive meth-
od to induce ischemic myocardial angiogenesis
and improve myocardial perfusion could be
important to improve myocardial function in
patients with coronary heart diseases, and is
also a hotspot in the research of cardiovascular
disease treatment in recent years. In order to
accomplish the revascularization of ischemic
myocardium, it is imperative that an effective
therapy for ischemic cardiomyopathy be devel-
oped. In recent years, animal experiments and
clinical studies have confirmed that the low-
energy extracorporeal cardiac shock wave
which level is approximately 10% of that used
for urinary lithotripsy treatment can effectively
induces angiogenesis and improves myocardial
perfusion and myocardial function without any
major adverse effects, its optimal energy is
0.09 mJ/mm? [4-11]. ECSW exerts a ‘cavitation
effect’ (a mm-sized violent collapse of bubbles
inside and outside the cells) and was shown to
induce localized stress on cell membranes that
resembles shear stress, due to the localized
nature of the physical forces generated by cavi-
tation [10, 11]. It has been found that ECSW
can upregulate the expressions of vascular
endothelial growth factor (VEGF) mRNA and its
receptor fms-like tyrosine-1 (flt-1), nitric oxide
synthase (eNOS) in vitro [10, 22, 23]. Because
the VEGF-fIt-1 system is essential in initiating
vasculogenesis and angiogenesis, the effect of
ECSW may explain in part the underlying mech-
anisms for ECSW-induced angiogenesis. How-
ever, detailed intracellular mechanisms of
ECSW action remain to be elucidated.

The pathological basis of coronary heart dis-
eases is mainly atherosclerotic formation, and
the damage of vascular endothelial cell is the
starting point of atherosclerosis [24, 25].
Repair of endothelium is closely related to the
development and prognosis of cardiovascular
diseases. Mature endothelial cells have lower
proliferative capacity and cannot provide suffi-
cient numbers of cells to repair the vascular
endothelial cell have been damaged. The pre-
cursor cells of endothelial cells, EPCs, can
mobilize, proliferate, migrate, and differentiate
into endothelial cells from the bone marrow,
playing an important role in maintaining the
integrity of vascular endothelium, repairing
endothelial damage, and promoting vasculo-
genesis and angiogenesis. The number and
function of endothelial progenitor cells can indi-
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cate the ability of repairing vascular endothelial
damage [26]. EPCs can differentiate into
mature endothelial cells, which not only partici-
pate in the repair of vascular endothelial dam-
age but also the formation of microvessel.

Previous our research has found that ECSW
can promote the proliferation of EPCs and
improve the cardiac function [27]. However, the
effects of ECSW on the apoptosis, migration,
and angiogenesis of EPCs and related molecu-
lar mechanisms have not been reported so far.
The PIBK/AKT and MEK/ERK signaling path-
ways are two important pathways in the mito-
gen-activated protein kinases (MAPKs) signal-
ing pathways, which exist in most cells, in-
cluding EPCs, and can regulate the cell viability,
proliferation, apoptosis, migration, differentia-
tion, and other functions by activating down-
stream signals [19-21, 28, 29]. In this study,
the effects of ECSW on the cell viability, apopto-
sis, migration, and angiogenesis of EPCs were
first observed. Through culturing the mononu-
clear cells isolated from the bone marrow, we
could obtain the endothelial progenitor cells. In
this study, we preliminarily indicate that ECSW
can promote the cell viability, migration, and
tube formation and inhibit the apoptosis of
EPCs, suggesting that ECSW promote the func-
tion of EPCs. To further investigate whether
these effects of ECSW might be mediated by
PI3BK/AKT and MEK/ERK signaling pathways,
Western blot assay results revealed that ECSW
can promote the phosphorylation of AKT and
ERKin EPCs, and LY294002 and PD98059 can
significantly inhibit the phosphorylation of AKT
and ERK in EPCs. Similarly, the cell viability,
anti-apoptosis, migration, and angiogenic abili-
ty of EPCs were also inhibited, indicating that
ECSW promote the function of EPCs by activat-
ing the PISK/AKT and MEK/ERK signaling
pathways.

Under simulated pathophysiological conditions
(such as 1 mM H,0, and 10 mM L-Arg), ECSW
stimulation can synthesize NO in a relatively
gentle manner without the catalysis of NO syn-
thase [30]. It has been shown that the use of
low-energy shock waves in human umbilical
vein endothelial cells (HUVECs) can rapidly
enhance eNOS activity, accelerate the produc-
tion of NO by affecting tyrosine-phosphoryla-
tion of eNOS and suppressing NF-AB activation
[31]. The study found that ECSW can promote
the expression of eNOS in EPCs. The expres-
sion of eNOS was significantly decreased in
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EPCs after pretreatment of LY294002 and
PD98059, indicating that ECSW can up-regu-
late the expression of eNOS by activating the
PIBK/AKT and MEK/ERK signaling pathways.
The downstream molecular of PISK/AKT and
MEK/ERK signaling pathways, eNOS, is involved
in various biological functions of EPCs and
plays an important role in repairing endothelial
function [32-35]. eNOS can catalyze L-arginine
to produce NO, playing a critical role in a num-
ber of fundamental events such as inflamma-
tion, angiogenesis, platelet aggregation and
vasodilatation, and is of great importance for
the maintenance of normal physiological func-
tions of EPCs [36, 37]. Changes in NO content
and biological activity can reflect the state of
EPCs [38, 39]. Therefore, it is conceivable that
one of the possible molecular mechanisms of
action behind these beneficial effects of ESW
seems to be related to the enhancement of
eNOS activity, keeping NO contents at a physi-
ological level.

The Bcl-2 family proteins are a class of proteins
that play a crucial role in the process of apopto-
sis, including anti-apoptotic proteins and pro-
apoptotic proteins. The Bax protein is present
in the cytoplasm of normal cells. When stimu-
lated by a series of apoptotic signals, it initiates
the Caspase cascade and activates the down-
stream factor Caspase3, leading to apoptosis
[40-42]. In contrast, Bcl-2 has the ability to sup-
press this Bax-induced release of Caspase3,
and expression ratio of Bcl-2 to Bax was report-
ed to determine cell apoptosis following apop-
totic signals. Studies have shown that the PI3K/
AKT and MEK/ERK signaling pathways are
involved in the regulation of downstream apop-
tosis factors such as Bcl-2, Bax, and Caspase3
[28, 43-46]. Therefore, this study also investi-
gated whether ECSW could inhibit the apopto-
sis of EPCs by regulating the PI3SK/AKT and
MEK/ERK signaling pathways. The results of
this study showed that ECSW can promote the
expression of anti-apoptotic proteins Bcl-2 and
inhibit the expressions of pro-apoptotic pro-
teins Bax and Caspase3, while pretreatment
with LY294002 or PD98059 inhibited the ben-
eficial effects of ECSW, indicating that ECSW
can inhibit the apoptosis of EPCs through the
PI3BK/AKT and MEK/ERK signaling pathways.

In summary, our results demonstrated that
ECSW plays an important role in promoting
EPCs function. The mechanism may be related
to promoting the expressions of p-eNOS and
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Bcl-2 and inhibiting the expressions of Bax and
Caspase3 through the PI3K/AKT and MEK/
ERK signaling pathways. ECSW can promote
the angiogenesis of ischemic tissues for the
treatment of coronary heart diseases as it can
promote the angiogenic function of EPCs by
regulating PIBK/AKT and MEK/ERK signaling
pathways. This can provide evidence of the
applications of ECSW in treatment of coronary
heart disease.
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