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Effects of Foxcl and Oct4 genes regulating BMSCs transplantation on cardiomyocyte
apoptosis after acute myocardial infarction in rats
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Abstract

To investigate the effect of Foxcl and Oct4 genes regulated by bone marrow mesenchymal stem cells (BMSCs) transplantation
on cardiomyocyte apoptosis after acute myocardial infarction in rats. 180 healthy SD male rats were divided into 3 groups by
random number table method, namely control group, acute myocardial infarction (AMI) group and BMSCs group. The rats
were sacrificed 4 weeks after transplantation. The TUNEL method was used to detect the cardiomyocyte apoptosis index. The
control group basically had no cardiomyocyte apoptosis, while the apoptosis indexes of AMI group (0.67 + 0.14) was higher
than that (0.31 + 0.12) of BMSCs group (P < 0.05). The OD value of Foxcl and Oct4 protein in BMSCs group was higher than
those in AMI group (all P < 0.05). BMSCs transplantation can reduce cardiomyocyte apoptosis after AMI in rats. The mechanism

may be related to the up-regulation of Oct4 and Foxcl protein expression.
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Practical application: Thereby inhibiting cardiomyocyte apoptosis and improving the function of the heart, while improving

the prognosis of AMI.

1 Introduction

Bone marrow mesenchymal stem cells (BMSCs) are derived
from bone marrow stromal stem cells and are a subset of cells
found in mammalian bone marrow stromal cells with multiple
differentiation potentials that differentiate into bone, cartilage,
fat, nerve and myoblast (Xiong et al., 2020; Yamada et al., 2019).
They not only have mechanical support for hematopoietic
stem cells (HSC) in bone marrow, but also secrete various
growth factors (such as IL-6, IL-11, LIE, M-CSF and SCE, etc.)
to support hematopoiesis (Mahmoudian-Sani et al., 2019).
The content of BMSCs in bone marrow is very low, accounting
for only 0.001-0.01% of the content of bone marrow monocytes
(Kamm et al., 2019; Mazdeh et al., 2018). It is a stem cell with
strong self-renewal and multi-directional differentiation potential
(Dudhia et al., 2015).

BMSCs are located in different microenvironments and can
differentiate into the tissues and cells under the action of various
transcription factors and cytoplasmic factors (Fujimori et al.,
2019). For example, bone tissue can differentiate into osteoblasts
and chondrocytes, blood can differentiate into red blood cells, and
adipose tissue can differentiate into fat cells (Mahmoud et al., 2020;
Dey etal,, 2020). A large number of experiments have shown that
the myocardial tissue microenvironment can induce differentiation
of BMSCs (Chen et al., 2020; Omar et al., 2019; Wu et al., 2017;
Zhang et al., 2015). Whether it is to inject BMSCs into the site
of myocardial infarction (subepithelial injection, subendocardial
injection, intravenous injection, etc.), or to culture BMSCs with
myocardial cells, it can promote the differentiation of BMSCs
into cardiomyocytes, and the electromechanical coupling of the
two is well fused (Eldin et al., 2019; Lu et al., 2019). The number

of BMSC:s is not large, and it decreases with age (Majid et al.,
2020; Sultan et al., 2021; Vidal et al., 2020). Therefore, we can
expand in vitro to obtain more cells for research and treatment.

After acute myocardial infarction (AMI), myocardial cell
apoptosis increases and can cause heart failure (Omar et al,,
2019; Xie etal., 2019). How to inhibit myocardial cell apoptosis
has become the key to the treatment of ischemic heart disease.
In recent years, studies have suggested that bone marrow stem
cell transplantation can treat certain cardiovascular diseases
(Zhangetal.,2015; Xu et al., 2019; Su etal., 2017). The purpose of
bone marrow stem cells in the treatment of myocardial infarction
is to reverse the apoptosis of myocardial cells, but the specific
mechanism of anti-apoptosis of BMSCs transplanted myocardial
infarction disease is still unknown and needs further study.
Therefore, this experiment aims to study the effect of rat bone
marrow mesenchymal stem cell transplantation on Foxcl and
Oct4 expression and their correlation, by exploring the effect
mechanism of bone marrow mesenchymal stem cell transplantation
on myocardial cell apoptosis after acute myocardial infarction
in rats, it provides a theoretical basis for clinical application of
bone marrow mesenchymal stem cell transplantation.

2 Materials and methods
2.1 Research objects and groups

180 healthy 4-week-old male SD rats (weight about 200 g)
were divided into 3 groups by random number table method,
namely control group, AMI group and BMSCs group, 60 rats
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per group. For the AMI group and the BMSCs group, a model
of myocardial infarction was established by ligating the anterior
descending coronary artery, while the control group only opened
the thoracic cavity without ligating the anterior descending
coronary artery. 30 minutes after coronary artery ligation, BrdU-
labeled BMSCs 100 puL were injected into 4 different sites under
the epicardium in the BMSCs group ischemia area. The AMI
group and the control group were injected with the same dose
of normal saline. The detection index was rats sacrificed at
4 weeks after transplantation of bone marrow mesenchymal
stem cells. The terminal deoxynucleotide transferase-mediated
TUNEL method was used to detect the cardiomyocyte apoptosis
index. Immunohistochemical method was used to detect the
expression of BrdU positive stem cells and myocardial Foxcl and
Oct4 proteins. The expression of Foxcl mRNA and Oct4 mRNA
was detected by PCR technology. Experimental animals were
purchased from the Experimental Animal Center of out hospital.
This study has been reviewed by the Medical Ethics Society of
our hospital.

2.2 Establish a model of myocardial infarction

Rats in the AMI and BMSCs groups were anesthetized with
10% chloral hydrate. Prepare the skin on the left front chest and
fix the rat supine position on the operating table. Tracing the
standard limb lead electrocardiogram according to the literature
description. Under the action of the tracheal intubation guide
lamp, the tracheal intubation is externally connected to a small
animal ventilator, and the frequency is set at 90 times/min. Ensure
that the effective ventilation per minute is 1.0 ml/g. Sterilize
the skin twice with 1% vitality iodine and lay a towel. Select
the 3rd and 4th intercostal space on the left chest for surgical
incision, the incision is about 25 cm long, cut under the skin,
and separate the muscles. At the same time, retract the lung
lobe to the posterolateral side. After seeing the pericardium and
cutting it, the heart can be exposed.

The left anterior descending branch of the left coronary artery
at 1-2 mm below the right margin of the left atrial appendage
and the left myocardium superficial layer of the pulmonary
artery cone was ligated with 6.0 non-invasive silk thread. It was
observed that the anterior wall of the left ventricle turned pale and
contractility decreased. Electrocardiogram lead I showed ST-T
immediately arched upward, and myocardial infarction model
was established. Suture with No. 0 silk thread to close the chest
cavity. After the spontaneous breathing of the rats recovered,
the trachea cannula was removed and moved to a clean animal
room for resuscitation. Postoperative intramuscular injection
of penicillin 100,000 p/kg to prevent infection.

2.3 BMSCs transplantation

One day before the transplantation of BMSCs, Brdu solution
was added to the medium to make a mark. Under direct
vision, the BMSCs group was divided into 4 points around the
non-infarcted myocardium, and the BMSCs suspension was
injected into the epicardium with a micro syringe at 100 uL
per point. The injection showed local cumulus-like edema as a
success. The control group and AMI group were injected with
equal volume of normal saline in the same way. Close the chest

after the circulation has stabilized. After the rats recovered from
spontaneous breathing, they gradually got rid of the ventilator,
pulled out the tracheal intubation, and returned to the clean animal
room to continue breeding. Penicillin is injected subcutaneously
to prevent infection.

2.4 Processing and pathological analysis of cardiac
specimens

At 4 weeks of the experiment, the rats were weighed and
anesthetized with 10% chloral hydrate and fixed in a supine
position. Through the midline incision of the neck, the right
jugular vein was separated, and the jugular vein was punctured
under direct vision, and 2-3 ml of 10% potassium chloride was
injected to stop the heart from beating at the end of diastole.
Quickly open the rib cage, remove the heart, cut off the left and
right atrial appendages and the remaining large blood vessels
and rinse with ice saline repeatedly. Wash off the blood and
blot it dry with filter paper. Transect the heart into two parts
at approximately the level of the papillary muscle of the heart.
The non-infarcted area near the apex of the heart was fixed with
10% formaldehyde solution for 12 hours for immunohistochemical
staining and TUNEL detection. By overexpressing and silencing
the target gene implanted into BMSC, and then grouping the
cells to detect the apoptosis of rat cardiomyocytes.

2.5 Immunohistochemical staining for the expression of
Foxcl and Oct4 in non-infarcted myocardium

The specific steps are as follows. Anti-slipping treatment
After the slides are scrubbed with detergent, rinse with running
water. After immersing in sulfuric acid for 1 day, rinse with
running water and bake dry. Soak in 95% alcohol solution for
12 hours and bake dry. Soak in polylysine, bake dry, keep in the
refrigerator at 4°C for future use. Routine dewaxing and gradient
alcohol dehydration. The citric acid bufter was microwave repaired
for 10 minutes, and after cooling, soaked in PBS for 3 times *
5 minutes. 3% H202 was added dropwise on TMA to remove
endogenous peroxidase. After being left at room temperature
for 20 minutes, PBS solution was soaked 3 times for 5 minutes.
The slides were immersed in the antigen repair solution with Ph =
6.0, heated in a microwave oven (98-100 °C, 2 times * 7 minutes)
for antigen repair. After cooling, the PBS solution was soaked
3 times * 5 minutes. 20% normal goat serum blocking solution
was added dropwise. After incubating at room temperature for
20 minutes, the endogenous biotin was blocked to discard the
serum and do not wash. Diluted (1:100) good primary antibody
(rabbit anti-rat Foxcl or Oct4 polyclonal antibody) working
solution was added dropwise. After 4 °C refrigerator overnight,
the temperature was re-warmed at 37 °C for 45 min. Soak in PBS
for 3 times * 5 minutes. Add the biomarker secondary antibody
dropwise, incubate at room temperature for 30 minutes, and soak
in PBS for 3 times * 5 minutes. Add 1:200 diluted horseradish
enzyme-labeled streptavidin (reagent D), incubate at room
temperature for 30 minutes, and soak in PBS for 3 times *
5 minutes. The color of diaminobenzidine (DAB) was observed
under a microscope. The reaction was terminated in a timely
manner and rinsed with tap water for 10 minutes. Hematoxylin
was counterstained for 1 minute, hydrochloric acid and alcohol
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were differentiated for 5 seconds, and rinsed under running
water. Gradient alcohol dehydration, xylene transparent, neutral
gum sealing, observed under a microscope.

Determination of test results: The cells with positive expression
of Foxcl and Oct4 showed brown, yellow and light yellow in the
cytoplasm or nucleus under light microscope, and the intensity
was strong positive, positive and weak positive respectively. Using
IMAGE. Pro plus5.0 graphic analysis software, randomly selected
5 high power fields (*400) in the stained area, and determined
the average integrated optical density (OD) of positive staining
in each field. The German Lecia photomicrography system was
used for image acquisition.

2.6 Statistical analysis

The data of this experiment are analyzed by the statistical
21.0 software, and the measurement data are expressed by the
mean + standard deviation. The comparison between the means
of each group adopts homogeneity test of variance and one-way
analysis of variance. The correlation between the two indicators
was analyzed using Pearson’s linear correlation analysis, and the
test level was a = 0.05. P < 0.05 considered the difference to be
statistically significant.

3 Results
3.1 Brdu-labeled BMSCs immunohistochemical results

Four weeks after transplanting BMSCs into rats, the
immunohistochemical staining of labeled BMSCs showed that
the nuclei of positive cells in myocardial tissue located in the
non-infarct area were stained brown (see Figure 1). The BMSCs
marked by Brdu are indicated by an arrow in Figure 1.

3.2 Apoptosis of rat cardiomyocytes

By TUNEL method, the results of the study showed that the
normal cardiomyocyte nuclei were blue, while the apoptosis-
positive cardiomyocyte nuclei were tan. The results of the study
showed that the control group basically had no cardiomyocyte
apoptosis, while the number of positive cells in the AMI group was
significantly higher than that in the BMSCs group. The apoptosis
index was calculated as the ratio of the number of positive cells
to the total number of cardiomyocytes. The apoptosis indexes
of AMI group and BMSCs group were 0.67 + 0.14 and 0.31 +
0.12, respectively, and the difference between the two groups
was statistically significant (P < 0.05).

3.3 Expression of Foxcl and Oct4 protein in myocardium of
non-infarct area in rats

At 4 weeks after stem cell transplantation, immunohistochemical
sections showed that the positively stained cells in the non-
infarct area were brown-yellow under high magnification (*400).
The OD value of Foxcl protein in BMSCs group was higher
than that in AMI group (Table 1), the difference was statistically
significant (¢ = 28.828, P < 0.05). The OD value of Oct4 protein
in BMSCs group was higher than that in AMI group (Table 1),
the difference was statistically significant (t = 25.842, P < 0.05).
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Figure 1. Brdu immunohistochemical staining 4 weeks after BMSCs
transplantation (* 400).

Table 1. Expression of Foxcl and Oct4 in non-infarcted myocardium
of each group (M * SD, OD value).

BMSCs group

AMI group

Index (n = 60) (n = 60) t p
Foxcl 0.19 £ 0.07 0.74+0.13 28.828 < 0.001
Oct4 0.18 £ 0.06 0.55+0.09 25.842 < 0.001

4 Discussion

Apoptosis refers to the autonomous and orderly death of
cells controlled by genes in order to maintain the stability of the
internal environment (Xiong et al., 2020; Hoque et al., 2019).
Apoptosis is different from cell necrosis. Apoptosis is an active
process, it involves the activation, expression and regulation of a
series of genes (Sukanya et al., 2018). It is not a phenomenon of
self-injury under pathological conditions, and is a process of death
that we actively strive to better adapt to the living environment
(Hussien et al., 2017). Apoptosis is regulated by intracellular
genes. Under physiological conditions, pro-apoptotic factors
and inhibitors in the body have the same effect to maintain the
body’s balance.

When the relative amount of pro-apoptotic factors is less
than the relative amount of inhibitory factors, cells appear to
proliferate, such as tumors and autoimmune diseases (Zheng et al.,
20205 Li et al., 2015). Conversely, the cells exhibit apoptosis
and damaged tissue cannot be repaired, such as AMI. In recent
years, cardiomyocyte apoptosis has become a research hotspot
in cardiovascular diseases (Eldin et al., 2019; Xie et al., 2019;
Khanabdali etal., 2015). Apoptosis occurs in AMI, which mainly
exists in non-infarcted myocardial tissue, and there are also a
small part of myocardial apoptotic cells in the infarct (Cao et al.,
2019). After AMI, apoptotic cells and necrotic cells are replaced
by fibroblasts, and ventricular remodeling occurs.

Apoptosis is a kind of programmed death caused by various
genes, and is a form of cell death (Zhou et al., 2019). Apoptosis
participates in the growth and development of tissues and maintains



Original Article

BMSCS and cardiomyocyte apoptosis

a stable internal environment. The process of apoptosis is the
accumulation of chromatin, and the cytoplasm is concentrated to
form apoptotic bodies, which are quickly engulfed by surrounding
cells. Excessive apoptosis is involved in certain diseases, such
as AMI (Wang et al., 2015). In this study, the TUNEL method
was used to detect cardiomyocyte apoptosis. The control group
basically had no cardiomyocyte apoptosis, the AMI group had
a large amount of cardiomyocyte apoptosis in the non-infarct
area, and the BMSCs group had more cardiomyocyte apoptosis.
The apoptosis index of AMI group was greater than that of BMSCs
group, and the difference was statistically significant (P < 0.05).
The results suggest that cardiomyocyte apoptosis is involved
in the occurrence and development of myocardial infarction.
Therefore, cardiomyocyte apoptosis is one of the forms that
cause myocardial infarction cell damage. After transplantation,
BMSCs reach the heart and interact with rat cardiomyocytes
and extracellular matrix. In addition, it exerts its differentiation
potential and differentiates into cardiomyocytes specifically in
non-infarcted areas to replace damaged cells.

The progressive loss of cardiomyocytes caused by increased
cardiomyocyte apoptosis after AMI is one of the main causes
of congestive heart failure after AMI (Cao et al,, 2019). Bone
marrow stem cells are injected into the myocardial infarction area,
and the planted bone marrow stem cells can differentiate into
cardiomyocytes and endothelial cells in the injured area. In turn,
it promotes local neovascularization, inhibits cardiomyocyte
apoptosis, and increases the number of effectively contracted
cardiomyocytes. And restore the myocardial contractility, thereby
improving cardiac function. In addition to direct differentiation
into vascular endothelial cells, stem cells can also secrete
factors such as vascular endothelial growth factor, promote
angiogenesis, and improve ischemic conditions (Al-Qadhi et al.,
2020; Grom et al., 2020; Barros et al., 2021). Thereby reducing
the degree of apoptosis in non-infarct area. Cardiomyocytes
differentiated by BMSCs at the site of myocardial injury can
establish an effective electro-mechanical coupling with normal
cardiomyocytes to make the heart contraction more coordinated.

In this experiment, immunohistochemical examination
and image analysis were used to find that Foxcl and Oct4 were
rarely expressed in normal rat myocardial tissue. Foxcl and
Oct4 are mostly expressed in non-infarcted myocardial tissue,
suggesting that Foxcl and Oct4 are jointly involved in the
process of cardiomyocyte apoptosis after AMI (Zhang et al,,
2019; Zhangetal.,, 2017; Yu et al., 2013). Four weeks after BMSCs
transplantation, the OD values of Foxcl and Oct4 protein
in AMI group were significantly lower than those in BMSCs
group, and the difference was statistically significant (P < 0.05).
The results showed that the transplantation of BMSCs inhibited
the expression of Foxcl and Oct4 proteins, while enhancing
the anti-apoptotic effect. And also found in the cardiomyocyte
apoptosis pictures detected by TUNEL method, the number of
apoptotic cells in the BMSCs group was significantly less than
the AMI group, and the apoptosis index was significantly lower
than the AMI group.

4 weeks after transplantation of BMSCs can reduce
cardiomyocyte apoptosis after acute myocardial infarction
in rats. The mechanism of its action may be related to its up-

regulation of Oct4 protein expression and Foxcl protein and
mRNA expression. Thereby inhibiting cardiomyocyte apoptosis
and improving the function of the heart, while improving the
prognosis of AMI.
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