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Stem cell-based therapeutic strategies have obtained a significant breakthrough in the treatment of cardiovascular diseases,
particularly in myocardial infarction (MI). Nevertheless, limited retention and poor migration of stem cells are still problems
for stem cell therapeutic development. Hence, there is an urgent need to develop new strategies that can mobilize stem cells to
infarcted myocardial tissues effectively. Electroacupuncture (EA) intervention can improve cardiac function and alleviate
myocardial injury after MI, but its molecular mechanism is still unclear. This study is aimed at observing the effects of EA
treatment on the stem cell mobilization and revealing possible mechanisms in the MI model of mice. EA treatment at Neiguan
(PC6) and Xinshu (BL15) acupoints was conducted on the second day after the ligation surgery. Then, the number of stem
cells in peripheral blood after EA in MI mice and their cardiac function, infarct size, and collagen deposition was observed. We
found that the number of CD34-, CD117-, Sca-1-, and CD90-positive cells increased at 6 h and declined at 24 h after EA
intervention in the blood of MI mice. The expression of CXC chemokine receptor-4 (CXCR4) protein was upregulated at 6 h
after EA treatment, while the ratio of LC3B II/I or p-ERK/ERK showed a reverse trend. In addition, there was obvious
difference in EF and FS between wild-type mice and CXCR4+/− mice. The infarct size, collagen deposition, and apoptosis of the
injured myocardium in CXCR4+/− mice increased but could be ameliorated by EA. In a word, our study demonstrates that EA
alleviates myocardial injury via stem cell mobilization which may be regulated by the SDF-1/CXCR4 axis.

1. Introduction

Myocardial infarction (MI), as a noninfectious cardiovascular
disease, is triggered by acute or persistent ischemia and hyp-
oxia of the coronary artery [1], which brings heavy economic
burden to society and families [2]. Subsequent cardiomyocyte
necrosis, myocardial fibrosis, and ventricular remodeling
aggravate MI. Thrombolysis, angioplasty, electronic implants,
and coronary artery bypass surgery have been considered to be
timely and effective in the treatment of MI clinically. These
approaches can only rescue the viable cardiomyocytes in the
marginal zone of the infarction instead of addressing the loss

of cardiomyocytes [3]. Currently, stem cell-based therapy
has been declared as a promising approach for cardiac regen-
eration [4]. Stem cells can mediate immune regulation, induce
proliferation, and facilitate renovation of injury due to their
unique properties of paracrine, homing, and multidirectional
differentiation, which offers a tremendous hope to numerous
patients [5]. According to their different evolution stages, stem
cells are classified into embryonic stem cells and adult stem
cells [1]. Among them, most researchers focus on bone
marrow-derived stem cells (bMSCs), which are one of the
adult stem cells. BMSCs reside in bone marrow normally.
They will be mobilized into the bloodstream and homed to
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the sites of myocardial injury and take part in tissue repair
during ischemia or hypoxia. Granulocyte colony-stimulating
factor (G-CSF) is used as a mobilization agent for mobili-
zing endogenous stem cells and is now undergoing phase
III trials. However, it has disadvantages such as high cost
and apparently long-term side effects [6]. Moreover, the
curative effect of stem cell-based therapy is limited and can-
not achieve the anticipated goals owing to different cell
delivery routes, low engraftment, and low retention rate. It
has been proven that 11% adult stem/progenitor cells retain
in the myocardium of intramyocardial injection while only
2% retain after intravenous injection [7, 8]. Given those
inevitable limitations, mobilizing more endogenous stem
cells to the damaged sites plays a critical role in enhancing
the therapeutic efficacy following MI.

The stromal cell-derived factor (SDF)-1/CXCR4 is essen-
tial in the migration and homing of stem cells [9]. SDF-1,
also known as CXCL12, is the principal specific ligand of
CXCR4. It is upregulated significantly in the organism suf-
fering from inflammation, ischemia, hypoxia, and angiogen-
esis, which indicates that SDF-1 might be necessary for
tissue repair and regeneration [10, 11]. A great deal of stud-
ies have been done to support that SDF-1 can recruit various
stem cells and chemokines to the injured myocardium,
thereby participating in myocardial injury repair following
MI [12]. Furthermore, the downstream cellular signals of
CXCR4 will also be activated, affecting recruitment, prolifer-
ation, migration, and apoptosis in injured sites [13]. Electro-
acupuncture (EA), with a low-voltage electrical current
stimulation in specific acupoints, has been demonstrated to
play a unique role in the prevention and treatment of cardio-
vascular diseases [14]. EA has been widely used to treat MI
due to their simplicity, efficiency, cheapness, and practicality
[15]. It has been reported that EA at PC6 acupoint may
improve cardiac function in isoproterenol-induced hyper-
trophy mice [16, 17]. Zeng et al. reported that EA at bilateral
PC6 acupoint could alleviate myocardial damage and
improve prognosis via the AMPK-mTOR signaling pathway
[18]. Furthermore, EA can also promote the survival of
exogenous bMSCs after transplantation and then improve
the cardiac function after MI [19]. Another research reveals
that EA can even facilitate endogenous MSC mobilization
into the peripheral blood under normal physiological condi-
tions [20]. However, there are still no reports about whether
EA promotes endogenous bMSC migration and homing to
the injured myocardium.

Thus, PC6 and BL15 acupoints have been selected in line
with meridian theory. The effect of EA on stem cell mobili-
zation and SDF-1/CXCR4 signaling pathway after MI has
been observed. These results may provide a theoretical foun-
dation for further exploring the underlying mechanisms of
EA treatment.

2. Materials and Methods

2.1. Experimental Animals. Adult male C57BL/6 (B.W., 20-
25 g) and CXCR4 heterozygous (CXCR4+/−) mice were
raised in the animal experiment center of Shanghai Univer-
sity of Traditional Chinese Medicine. They were maintained

at 26 ± 2°C with free water and food. All experimental pro-
cedures involved in this study were authorized by the
animal ethics committee of Shanghai University of TCM
and the Animal Research Committee of Shanghai (no.
PZSHUTCM190628003). Efforts were made to reduce the
number of mice and improve the utilization rate of mice
as far as possible during the whole procedure.

2.2. Myocardial Infarction Model. MI mice were established
by ligature of the left anterior descending branch under
isoflurane anesthetization [21]. Briefly, each mouse was fixed
in a supine position, and then, endotracheal intubation was
used, followed by ventilation using a rodent respirator (Har-
vard Apparatus, USA). After cardiac exposure, the left ante-
rior descending coronary artery was ligated with surgical
sutures followed by thoracic incision suture. Then, penicillin
was administrated intramuscularly in MI mice on the second
day after modeling.

2.3. Groups and EA Treatments. EA treatment was con-
ducted on the second day after operation. Acupoints on
PC6 and BL15 was defined based on previous studies [16,
22, 23]. The needles, 15mm in length, were inserted verti-
cally into 3mm depth of corresponding acupoints with twir-
ling, lifting, and thrusting and then were connected to an
electroacupuncture therapeutic instrument (KWD-808I,
Yingdi, Changzhou, China) for 30min once a day.

Firstly, to observe the effects of EA on stem cell mobili-
zation after MI, 16 mice were randomly classified into 2
groups (n = 8 in each group): (i) MI group and (ii) EA
group. Mice in the EA group were given EA intervention
once after MI. Half of the animals in each group were sacri-
ficed at 6 h and the other half at 24 h after MI.

Secondly, to analyze the phenotype of CXCR4+/− mice,
1-month-old heterozygous mice, the wild-type mice in the
same cage were applied for experiments. There were 4 mice
in the WT group and CXCR4+/− group. All animals were
directly sacrificed without treatment.

Thirdly, to further investigate the heterozygote and wild-
type mice’ response to MI, 32 mice were randomly divided
into 8 groups (n = 4 in each group): (i) 1M group, (ii) 2M
group, (iii) 3M group, and (iv) 5M group. Each group was
further divided into WT and CXCR4+/− groups. All mice
were subjected to echocardiography at 1 day and 7 days after
MI.

Finally, to explore the role of the SDF-1/CXCR4 axis in
stem cell mobilization induced by EA after MI, 3-month-
old mice were divided into 3 groups (n = 6 for each group):
(i) MI+CXCR4+/− group, (ii) EA+CXCR4+/− group, and
(iii) EA+WT group. All mice were subjected to MI modeling
while the mice in the EA+CXCR4+/− group and EA+WT
group were given EA treatment for 5 days after MI.

2.4. Tissue Processing for Histology. Blood was collected
through abdominal aorta and then conserved into a centrif-
ugal tube containing anticoagulant. Subsequently, heart tis-
sues were isolated rapidly and sliced into two parts
through the infarct core. One part of those tissues was frozen
quickly by using liquid nitrogen and then stored at -80°C for
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Figure 1: Continued.
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Figure 1: Effect of EA on bone marrow stem cell mobilization in peripheral blood of mice at 6 h and 24 h following MI. (a) Timeline for the
treatment and detection. (b) The number of CD34-positive stem cells. (c) The number of CD117-positive stem cells. (d) The number of
CD90-positive stem cells. (e) The number of Sca-1-positive stem cells. (f) The number of CXCR4-positive stem cells (n = 4).
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Figure 2: Effect of EA on the expression of p-ERK/ERK and LC3B II/I in myocardial tissue at 6 h and 24 h following MI. (a) The protein
expression levels of LC3B, p-ERK, and ERK at 6 h and 24 h following MI were detected by western blot. (b, c) The semiquantitative data of
western blots for LC3BII/I and p-ERK/ERK (n = 4).
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the following western blot analysis. The other part was fixed
with 4% paraformaldehyde, dehydrated with sucrose, and
embedded in Tissue-Tek OCT (Sakura, USA) in turn.
Finally, 10μm slices were prepared under freezing micro-
tome (Thermo, USA) and stored at -20°C for Masson stain-
ing and HE staining.

2.5. Flow Cytometry Analysis. The peripheral blood was ini-
tially dissociated by Red Blood Cell Lysis Buffer to remove
erythrocytes. The cell suspension was washed twice with
cold 0.01M PBS and then incubated with an FITC-labeled
CD34 monoclonal antibody (Thermo, USA)and CD117
monoclonal antibody (Thermo, USA) for 90 minutes and
CD90 monoclonal antibody (Thermo, USA), Sca-1 mono-
clonal antibody (Thermo, USA), and CXCR4 monoclonal
antibody (Thermo, USA) for 30 minutes at 4°C, respectively.
The samples were detected with a Cytoflex flow cytometer,
and the data were analyzed with TreeStar Flowjo software.

2.6. Western Blot Analysis. In brief, heart tissues were
homogenized in a RIPA lysis buffer containing protease
and phosphatase inhibitors (Beyotime Biotechnology,
Shanghai, China). The protein samples were extracted by
ultracentrifugation at 4°C. And the protein concentrations
were detected by using a BCA Protein Assay Kit. Equal
amounts (40μg) of denatured protein samples were sepa-
rated by appropriate sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to the poly-
vinylidene fluoride (PVDF) membranes (Millipore, United
States). To prevent nonspecific protein binding sites from
binding to antibodies, the membranes were cultured in 5%
nonfat milk. The membranes were then incubated with Rab-
bit anti-p-ERK1/2 (1 : 1000, Cell Signaling Technology), rab-
bit anti-ERK1/2 (1 : 1000, Cell Signaling Technology), rabbit
anti-Beclin 1 (1 : 1000, Cell Signaling Technology), rabbit
anti-GAPDH (1 : 1000, Cell Signaling Technology), rabbit

anti-LC3B (1 : 1000, Abcam), anti-collagen III (1 : 1000,
Abcam), and anti-Col1A1 (1 : 1000, Cell Signaling Technol-
ogy), respectively, overnight at 4°C. Subsequently, the mem-
branes were incubated with the corresponding secondary
antibody at room temperature for 2 h. The membranes of
protein samples were observed with an enhanced chemilu-
minescence (Pierce Biotechnology, Waltham, MA, USA)
and visualized by a gel image analysis system (Bio-Rad).

2.7. Echocardiography. M-mode echocardiography was
detested by using a high-resolution in vivo ultrasound
microimaging system (Vevo Visualsonics 2100; Visualso-
nics, Toronto, ON, Canada) on the 1st and 7th days after
the ligation surgery. Briefly, all mice were anesthetized by
inhaling isoflurane and fixed in supine position to provide
the left parasternal short-axis view. Left ventricular end-
systolic volume (LVESV), left ventricular end-diastolic vol-
ume (LVEDV), left ventricular end-diastolic diameters
(LVDd), and left ventricular end-systolic diameters (LVDs)
were obtained. Ejection fraction (EF) and fractional shorten-
ing (FS) were calculated by using the following formulas:
EF ð%Þ = ðLVEDV − LVESVÞ/LVEDV × 100 and FS ð%Þ =
ðLVDd − LVDsÞ/LVDd × 100.

2.8. HE Staining and Masson’s Staining. According to a pre-
viously published literature, HE staining and Masson’s stain-
ing were performed [24]. The slices were kept at room
temperature for 10 minutes and then washed with 0.01M
PBS. According to the manufacturers’ recommended proto-
col, those slices were stained with relevant reagents. For the
calculation of the infarction size, the sum of the infarcted
epicardial perimeter plus the infarcted endocardial perime-
ter was divided by the sum of the left ventricular epicardial
perimeter and the left ventricular endocardial perimeter,
and the data were expressed in percentage.

2.9. Statistical Analysis. The data were expressed with the
mean ± standard error of themean (SEM). ANOVA and t-
test were conducted to analyze the difference in this study
via Prism 7.0. The p value was less than 0.05, which meant
that the data of two groups showed statistical difference.

3. Results

3.1. Effect of EA on the Mobilization of Bone Marrow Stem
Cells after MI. EA intervention could improve cardiac func-
tion impaired by MI though regulating inflammatory fac-
tors and chemokines. To further observe the effects of
EA on the mobilization of bMSCs after MI, the numbers
of CD34-, CD117-, CD90-, Sca-1-, and CXCR4-positive
cells in peripheral blood were detected via flow cytometric
analysis (Figure 1(a)). The survival rate of mice was 80%
at 6 h and 70% at 24 h. The number of peripheral CD34-
positive cells increased at 6 h in the MI group (p =
0:0024, Figure 1(b)). The number of CD117- or CD90-
positive cells displayed similar changes but without statis-
tical difference (p > 0:05, Figures 1(c) and 1(d)). Moreover,
the number of peripheral Sca-1-positive cells increased in the
MI group at 24h compared with those at 6 h after MI
(p = 0:0036, Figure 1(e)). The number of peripheral Sca-1-
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Figure 3: Effect of EA on the expression of CXCR4 in myocardial
tissue at 6 h following MI. The CXCR4 protein bands of the
myocardium at 6 h following MI were detected by western blot,
and the semiquantitative data of western blots for CXCR4 was
utilized (n = 4).
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positive cells decreased in the EA group in comparison with
those in the MI group (p = 0:037, Figure 1(e)). There was
no significant difference of CXCR4-positive cell number
between the EA and MI groups (p > 0:05, Figure 1(f)).

3.2. Effects of EA on the Expression of LC3B, p-ERK and
CXCR4 Protein Levels in Myocardial Tissue after MI. Next,
myocardium LC3B and p-ERK protein levels were detected
among groups. We found that the myocardium p-ERK/
ERK ratio was lower in the EA group at 6 h (p = 0:0233)

and 24h (p = 0:01) in comparison with that in the MI group
after MI (Figures 2(a) and 2(b)). There was no difference of
LC3B II/I between MI and EA groups (p > 0:05, Figures 2(a)
and 2(c)).

Myocardium CXCR4 protein levels were higher in the
EA group compared with those in the MI group at 6 h after
MI (p = 0:0128, Figure 3). These results indicated that
CXCR4 and downstream ERK signal might play a critical
role in the mobilization of bone marrow stem cells mediated
by EA after MI.
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Figure 4: The characterization of CXCR4+/− mice. (a) The cardiac function of mice was detected by echocardiography. (b) The parameters
of EF and FS were compared between the two groups. (c) HE staining was performed to evaluate the cardiac structure. (d) The expression of
CXCR4 protein was detected by western blot, and the semiquantitative data of western blot for CXCR4 were shown (n = 4).
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3.3. Cardiac Functions, and the Expression of CXCR4 and
Apoptosis and Autophagy Related Proteins in C57BL/6
CXCR4+/− Mice. SDF-1 and CXCR4 deletions impaired the
cardiovascular system and hematopoietic function [11]. In
our study, CXCR4 heterozygous (CXCR4+/−) mouse was
established for determining whether CXCR4 could affect
cardiac function in MI. Hence, 1-month-old heterozygous
mice and the corresponding wild-type mice from the same
cage were raised for echocardiography and HE staining.
No difference was found in EF and FS between WT and
CXCR4+/− mice (p > 0:05, Figures 4(a) and 4(b)). Histologi-
cal analysis also showed that the myocardial cells in
CXCR4+/− mice remained well arranged, and there was no
difference in cardiac structure between these two groups
(p > 0:05, Figure 4(c)). The above results suggested that the
cardiac function of CXCR4 +/− mice was similar to that of
wild-type mice without MI.

In addition, the expression of CXCR4 protein in myocar-
dial tissue of these mice was quantified by WB. In compari-
son with WT mice, the expression of CXCR4 protein in the
CXCR4 +/− mouse myocardium was lower significantly
(p = 0:0024, Figure 4(d)).

Besides, there was no difference in the ratio of BAX/Bcl-
2 and LC3B II/I between those two groups (p > 0:05,
Figure 5).

3.4. Cardiac Function in C57BL/6 CXCR4+/− Mice after MI.
Thus, 1-, 2-, 3-, and 5-month CXCR4 +/− mice and corre-
sponding WT mice from the same cage were subjected to
MI, and echocardiography was performed on the 1st day

and the 7th day after MI (Figure 6(a) and 6(b)). The survival
rate of mice was 70% at day 1 and 75% at day 7. There was
no difference in EF and FS between CXCR4 +/− mice and
corresponding WT mice (p > 0:05, Figures 6(c)–6(f)).

3.5. Effect of EA on Infarct Size and Collagen Content
Cardiac Function in C57BL/6 CXCR4+/− Mice after MI. Next,
the infarct size and collagen deposition in the infarct region
were assessed by Masson trichrome staining (Figure 7(a)).
The survival rate of mice was 75%. The myocardium of
CXCR4+/− mice appeared to have the biggest infarct size
when they suffered from MI. The infarct size of the EA
+WT group was lower in comparison with that in the MI
+CXCR4 +/− group (p = 0:0192, Figures 7(b) and 7(c)).
Compared with the MI+CXCR4+/− group, collagen content
was lower in the EA+CXCR4 +/− group and EA+WT group
(p < 0:0001, Figures 7(d) and 7(e)). Moreover, collagen con-
tent in the EA+WT group decreased in comparison with
that in the EA+CXCR4 +/− group (p = 0:0128, Figures 7(d)
and 7(e)). In addition, to further analyze the collagen con-
tent, the expressions of collagen III and Col1A1 were
detected. Compared with the MI+CXCR4+/− group and EA
+CXCR4+/− group, the expressions of collagen III in the
EA+WT group were significantly decreased (p = 0:0045
and p = 0:0323, Figures 7(f) and 7(g)). The level of Col1A1
in the EA+WT group was obviously lower than that in the
MI+CXCR4+/− group (p = 0:0256, Figures 7(h) and 7(i)).

3.6. Effect of EA on Myocardial Apoptosis in C57BL/6
CXCR4+/− Mice after MI. Apoptosis in the marginal zone
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Figure 5: Effect of CXCR4 deficiency on the expression of BAX, Bcl-2, Beclin1, and LC3B proteins under physiological conditions. (a) The
expressions of BAX, Bcl-2, Beclin1, and LC3B were detected by western blot. (b–d) The semiquantitative data of western blots for Beclin1,
LC3B II/I, and BAX/Bcl-2 (n = 4).
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Figure 6: Effect of different ages on cardiac function in WT and CXCR4+/− groups after MI. (a) Timeline for the treatment and detection.
(b) The representative echocardiography images. The parameters of EF (c) and FS (e) on the 1st day after MI were compared between WT
and CXCR4+/− groups. The parameters of EF (d) and FS (f) on the 7th day after MI were compared between WT and CXCR4+/− groups
(n = 4).
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of infarction was assessed by TUNEL staining. As it is
shown in Figure 8, a large amount of positive apoptotic
cells are observed in the MI+CXCR4+/− group and EA+
CXCR4+/− group while the number of positive apoptotic cells
is less in the EA+WT group compared with the MI+
CXCR4+/− group (p = 0:0009) and EA+CXCR4+/− group
(p = 0:0344, Figures 8(a) and 8(b)). These results further
proved that CXCR4 might play an important role in the
repair of cardiac function induced by EA after acute myocar-
dial infarction.

3.7. Effect of EA on the level of p-ERK, CXCR4 and SDF-1 in
C57BL/6 CXCR4+/− Mice after MI. To further investigate the
potential molecular mechanisms underlying mobilization
induced by EA after MI, the expressions of p-ERK, ERK,
CXCR4, and SDF-1 proteins were assessed. Compared with
the MI+CXCR4+/− group, the p-ERK/ERK ratio was lower
in the EA+WT group (p = 0:0429, Figures 9(a) and 9(b)).
In comparison with the MI+CXCR4+/− (p = 0:0069) and
EA+CXCR4+/− groups (p = 0:0451), CXCR4 protein expres-
sion was higher in the EA+WT group (Figures 9(a) and
9(c)). Compared with the MI+CXCR4+/− group, SDF-1 pro-
tein expression was higher in the EA+WT group (p = 0:0484,
Figures 9(a) and 9(d)). These results suggested that SDF-1,
bound to CXCR4, might inhibit its downstream ERK signal
pathway and improve mobilization of bone marrow stem
cells after MI mediated by EA.

4. Discussion

EA, modified by an ancient acupuncture therapy, has
emerged as a critical alternative strategy in the treatment
of various diseases. Notably, many experimental studies
have demonstrated that EA treatment ameliorates cardiac
function following MI as it can mediate autophagy [25],

oxidative stress [26], and inflammatory reaction [27] and
improve cardiomyocyte apoptosis post-MI [28]. In addition,
Salazar et al. reported that MSCs were promoted to leave
their niche and enter the blood circulation following EA
intervention at specific points [29]. EA can also facilitate
the transplanted neural stem cells migration to the injured
site [30]. In this study, the number of blood CD34-,
CD117-, Sca-1-, and CD90-positive cells is observed after
EA treatment in MI mice, for evaluating EA effects in the
mobilization of stem cells after MI. CD34-positive cells have
already been confirmed to be beneficial for the repair in var-
ious animal models of MI [31, 32]. Although c-kit-positive
cells are incapable of differentiating into cardiomyocytes,
direct intramyocardial administration of them can effectively
improve cardiac function after MI [33]. It has been found
that homed Sca-1-positive cells exert cardioprotection in
lethally irradiated old mice who have received young Sca-1
cells and then suffer from MI [34]. The mobilization of stem
cells contributes to alleviating myocardial injury, and EA
treatment may contribute to the mobilization.

The SDF-1/CXCR4 axis plays a key role in mobilizing
stem cells to the sites of myocardial injury [35]. Under
steady-state conditions, stem cells are anchored to the end-
osteal osteoblasts by the combination of SDF-1 and CXCR4
[36]. Only when the interaction between SDF-1 and CXCR4
is cleaved or SDF-1 is degraded or CXCR4 expression is
inhibited by its antagonist (e.g., AMD3100) in the microen-
vironment of bone marrow can stem cells be delivered to
peripheral blood [37, 38]. It has been reported that higher
level of SDF-1 is detected and persists for 7 days in the myo-
cardial tissues after MI [36]. Abundant evidences have
proven that high levels of SDF-1 and CXCR4 located in
the injured site may participate in regulating mobilization,
homing, angiogenesis, embryonic development, immune
response, and so on [12, 39]. Despite the fact that our flow
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Figure 7: Effect of EA on infarct size and collagen content in the infarcted area after MI. (a) Timeline for the treatment and detection. (b, d)
Masson’s trichrome staining was performed to detect the infarction size and collagen content in each group. Scale bar = 100 μm. (c) The
infarct size was expressed as the ratio of ðinfarct area/thewhole cross‐sectional areaÞ × 100%. (e) The collagen content was expressed as
the ratio of ðfibrotic tissue area/the wholemyocardial surface areaÞ × 100% (n = 6). (f, h) The expressions of collagen III and Col1A1 were
detected by western blot. (g, i) The semiquantitative data of western blots for collagen III and Col1A1 (n = 6).
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cytometry analysis showed that the counts of CXCR4-
positive cells in peripheral blood displayed no substantial
difference between two groups both at 6 h and at 24 h post-
EA treatment, the level of CXCR4 protein in the EA group
was higher than that in the MI group at 6 h in this study.
In addition, we previously identified that the expression of
SDF-1 protein in myocardial tissue was upregulated signifi-
cantly at the 7th day following EA treatment. These results
imply that EA treatment may protect the heart from ische-
mia via prolonging the expression of SDF-1 and CXCR4
and ensuring the temporal alignment of peaks. Considering
its significance of mobilization, we propose a hypothesis that
SDF-1/CXCR4 may be implicated in the mobilization of
stem cells induced by EA treatment after MI. To verify our
hypothesis, CXCR4 heterozygous mice, appearing to have
normal cardiac structure and function, were applied to the
experimental study. We found that infarct size, collagen

deposition, and apoptosis of CXCR4+/− mice were much
worse than those of normal mice but could be ameliorated
by EA treatment. The data show that CXCR4 has a notable
influence on the cardioprotective action mediated by EA
and may be involved in the mobilization of stem cells
induced by EA after MI.

Apart from its direct potency of mobilization and migra-
tion, SDF-1 is also involved in cardiac repair via multiple
signaling pathways [36]. SDF-1 binds to its G protein-
coupled receptor CXCR4, which activates Gαi protein and
further initiates its downstream signaling cascades, including
mitogen-activated protein kinase (MAPK) and phosphoino-
sitide 3 kinase (PI3K) [12, 36]. ERK is a member of the
MAPK family. The ERK signal transduction pathway, as
one of the MAPK cascaded in eukaryotic cells, is extensively
reported to regulate cell growth, development, and differen-
tiation [40, 41]. There is growing evidence that ERK plays a
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substantial role in cardiovascular disease, including cardiac
hypertrophy, myocardial infarction, atherosclerosis, and vas-
cular restenosis [42]. Recently, ERK signaling pathway inhi-
bition is suggested as one of the possible mechanisms
mediating D-limonene’s cardioprotection in the myocardial
injury model [43]. Furthermore, a study reveals that EA at
PC6 acupoint for 14 days can improve cardiac function by
reducing the phosphorylation levels of ERK in the left ven-
tricular myocardial hypertrophy model [44]. In our studies,
the ratio of p-ERK/ERK in the myocardial tissue drops obvi-
ously at 6 h or 24 h after EA treatment, suggesting that cardi-
oprotection of EA is associated with inhibition of the ERK
signal transduction pathway. In order to verify whether the
ERK signaling pathway is regulated by CXCR4 in this condi-
tion, the expressions of p-ERK and ERK proteins were
assessed in CXCR4+/− mice who subjected to MI as well as
EA treatment. The results showed that this ratio was higher
in the EA+CXCR4+/− group than in the EA+WT group, but

without statistical significance. Given few samples and indi-
vidual differences, we will increase the sample size and make
the data more persuasive later.

In addition, we also measured the expression of
autophagy-related protein LC3B in myocardial tissue. We
found that the LC3B II/I ratio was downgraded in the EA
group and had a negative correlation with the expression
of CXCR4 at 6 h after EA treatment. Our results indicated
that autophagy might be another mechanism of cardiopro-
tection mediated by EA following MI and CXCR4 might
be an upstream activator of LC3B. Recently, an increasing
number of studies suggest that EA can preserve cardiac
function by regulating various classical autophagy pathways
[18, 25, 45, 46]. Therefore, the effect of autophagy cannot be
ignored. We also found that the protein expression of LC3B
did not change and remained at normal levels in CXCR4+/−

mice, which means that LC3B is not regulated by CXCR4.
Nevertheless, the reduced CXCR4 could cause higher level
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Figure 9: Effect of EA on the expression of p-ERK, ERK, CXCR4, and SDF-1 proteins in myocardial tissue after MI. (a) The protein
expression levels of p-ERK, ERK, CXCR4, and SDF-1 among groups. (b–d) The semiquantitative data of western blots for p-ERK/ERK
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of Beclin1 that was thought to regulate autophagy by form-
ing complexes with different proteins. Accumulated docu-
ments demonstrate that the interaction between Beclin1
and Bcl-2 plays an essential role in the crosstalk between
autophagy and apoptosis [47, 48]. Thus, the upregulated
Beclin1 does not mean the initiation of Beclin1-mediated
autophagy. We assume that CXCR4 is not involved in the
regulation of autophagy. Further verification still needs to
be done under certain pathological conditions.

In conclusion, our study shows that EA at PC6 and
Xinshu acupoints improves cardiac function and promotes
stem cell mobilization after MI. Upregulated expression of
SDF-1 and CXCR4 as well as decreased expression of p-
ERK and the autophagy protein LC3B after EA treatment
suggest that its underlying molecular mechanism may be
associated with SDF-1/CXCR4/ERK axis-mediated mobili-
zation and autophagy. We also find that reduced CXCR4
can partially reverse EA-induced cardioprotection. How-
ever, the role of the SDF-1/CXCR4 axis in mobilization
mediated by EA treatment still requires further verifica-
tion. This study provides a new perspective for the
research of EA treatment in MI.
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