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Differentiation of cardiomyocytes from amniotic fluid-derived
mesenchymal stem cells by combined induction with
transforming growth factor 1 and 5-azacytidine
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Abstract. As a novel type of seed cell, amniotic fluid-derived
mesenchymal stem cells (AFMSCs) are promising for the
regeneration of myocardial cells. A focus of cardiovas-
cular regenerative medicine is to improve the efficiency of
AFMSC differentiation. The present study replaced the tradi-
tional method of AFMSC differentiation with a combined
induction method, in order to improve the efficiency of
directional differentiation. AFMSCs were obtained from
rabbit amniotic fluid samples, and western blot analysis was
performed to analyze the expression of octamer-binding
transcription factor 4 (OCT4), and tumorigenicity experi-
ments were conducted. AFMSCs were divided into the
following 4 groups: Induction with transforming growth
factor B1 (TGFp1); induction with 5-azacytidine (5Aza);
induction with TGFf1 and 5Aza combined; and untreated
controls. Reverse transcription-quantitative polymerase
chain reaction was performed to analyze the expression of
cardiac-specific GATA binding protein 4 (GATA4), and
immunofluorescence was employed to analyze the expression
of cardiac troponin T (cTnT). In addition, western blotting
was performed to analyze the expression of connexin 43, and
transmission electron microscopy was used to observe the
ultrastructure of the differentiated cells. AFMSCs exhibited
positive OCT4 expression and were not observed to induce
tumor development in nude mice. The expression levels
of GATA4, cTnT, and connexin 43 in the combined induc-
tion group were markedly higher when compared with the
remaining groups. Transmission electron microscopy anal-
ysis revealed that differentiated cells exhibited myocardial
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cell characteristics. In conclusion, AFMSCs are multipotent,
non-tumorigenic cells that are capable of differentiating into
cardiomyocyte-like cells. This combined induction method
may improve the efficiency of directed differentiation.

Introduction

Specific differentiation protocols induce mesenchymal stem
cells (MSCs) to differentiate into various types of mature
target cells, and MSCs are a suitable option for adult stem
cell transplantation (1). MSCs have been used in numerous
studies that involve the regeneration of cardiac cells
post-myocardial infarction, and are capable of enhancing
myocardial perfusion and cardiac function in the ischemic
hearts of patients with acute or chronic heart diseases (2-4).
However, the culture of MSCs from the bone marrow of
humans or animals, or embryonic and adult tissues has a
number of limitations, including the possibility of carcinoma,
short survival time and difficulties in isolation. Therefore,
the identification of additional types of suitable stem cells is
required. Amniotic fluid-derived MSCs (AFMSCs) exhibit a
higher proliferation rate, are easier to isolate and extraction
process does not injure the mother or the embryo. Therefore,
AFMSCs may be a favorable source of cardiomyocytes due
to their differentiation potential and characteristics (5). A
focus of cardiovascular regenerative medicine is to improve
the efficiency of directed differentiation of AFMSCs. In a
previous preliminary study, high-quality AFMSCs were
successfully isolated (6). To the best of our knowledge, the
present study provides novel results demonstrating that
combined transforming growth factor fl1 (TGFf1) and
5-azacytidine (5Aza) treatment may be used to improve the
efficiency of AFMSC differentiation.

Materials and methods

Isolation and culture of AFMSCs. Female New Zealand
white rabbits (weight: 4.5-5.5 kg, age: 1-1.5y; Song Lian
Laboratory Animal Farms, Shanghai, China; production
license no. SCXK2007-0011) at 16-18 days gestation were
narcotized via the ear vein with pentobarbitone (concen-
tration: 30 mg/ml, dosage: 2 ml/kg), the uterus excised,
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the muscle removed and amniotic fluid obtained with
an injector. This was then centrifuged at 152.9 x g) for
15 min at 37°C, resuspended in amniocyte-specific medium
(AmnioMAX-C100; Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and plated in 6-cm dishes at 37°C
and 5% CO, in a fully humidified atmosphere. Following
7-10 days of culture, the specific medium was replaced with
normal medium DMEM (cat. no. 31600034; Invitrogen;
Thermo Fisher Scientific, Inc.) + 10% fetal bovine serum
to remove non-adherent cells and this was refreshed every
3 days thereafter. When cells reached 80% confluence, they
were treated with 0.25% trypsin (Invitrogen; Thermo Fisher
Scientific, Inc.) for 1 min. Trypsin digestion was then inhib-
ited and cells were subcultured at a ratio of 1:2, and cultured
under the same aforementioned conditions. Animal experi-
ments performed in the present study were approved by the
Ethics Committee of Xinhua Hospital (Affiliated Hospital of
Shanghai Jiaotong University, Shanghai, China).

Western blot analysis of octamer-binding transcription
factor 4 (OCT4) expression. Stem cells at passage 3 were
washed with phosphate-buffered saline (PBS) and protein
extracts were obtained following treatment of cells with
radioimmunoprecipitation assay (RIPA) lysis buffer (cat.
no. POO13B; Beyotime Institute of Biotechnology, Shanghai,
China), then centrifuged at 4°C, 152.9 x g for 15 min. A BCA
kit (cat. no. PO010S; Beyotime Institute of Biotechnology)
was used to quantify the protein samples. Samples (20 ul)
were loaded onto a precast gel (15% SDS-PAGE kit; cat.
no. POO12A, Beyotime Institute of Biotechnology) and run
at 80 V, followed by an increase to 120 V on ice. Proteins
were subsequently transferred to polyvinylidene difluo-
ride membranes for 45 min at 280 mA in transfer buffer.
Membranes were blocked for 2 h with 5% skimmed milk
powder in PBS at room temperature and subsequently
incubated overnight at 4°C with mouse anti-rabbit OCT4
antibodies (cat. no. ab52110; 1:500; Abcam, Cambridge, UK).
Following washing by PBS, the membranes were treated with
goat anti-mouse horseradish peroxidase (HRP)-conjugated
secondary antibodies (cat. no. ab6789; 1:1,000; Abcam)
for 2 h at 37°C. GAPDH (cat. no. ab9483; 1:1,000; Abcam)
was used as the loading control. Membranes were subse-
quently washed and enhanced by BeyoECL Plus reagent
(cat. no. POO18A; Beyotime Institute of Biotechnology) and
used for protein identification by GelDocXR* system (model
1708195; Bio-Rad Laboratories, Inc., Hercules, CA, USA).

AFMSC tumorigenicity experiment. A total of 20 female
BALB/C nude mice (age: 3-4 weeks, 9.8-14.2 g weight, 12-h
light/dark cycle, humidity: 45-55%, in rat cages, 32-34°C) were
divided into 2 groups at random, with 10 mice in the control
group and 10 in the experimental group. OCT4-positive stem
cells at passage 3 were treated with 0.25% trypsin, before
digestion was inhibited and the cells were resuspended
in PBS at a density of 5x10%cm?®. A 0.2 ml cell suspension
was injected subcutaneously into the necks of the mice in
the experimental group, while 0.2 ml PBS was injected in
the same manner in the control group. The 2 groups were
observed for 8 weeks, then all mice were dissected and the
neck, axillary cavity and groin examined for signs of tumor
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growth or hyperplasia in the injection site or lymphatic
distribution area.

Induction of AFMSC differentiation. OCT4-positive cells
were divided into 4 groups, including the control group (group
A), TGFB1-induced group (group B), SAza-induced group
(group C), and the combined TGFf1 and 5Aza-induced group
(group D). When the cells reached 70% confluence, TGFf1
(cat. no. 100-21, PeproTech, Suzhou, China) and/or 5Aza
(cat. no. A3656, Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) were added to the media of the appropriate groups
as follows: PBS in group A for 24 h; 5 ng/ml TGFp1 for 24 h
in group B; 10 gmol/l 5Aza for 24 h in group C; and 5 ng/ml
TGFB1 + 10 umol/l 5Aza for 24 h in group D. All groups
were cultured at 37°C and 5% CO, in a fully humidified
atmosphere. Cells were harvested when they reached 80%
confluence.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR analysis of GATA binding protein 4
(GATA4) expression. Following AFMSC differentiation,
total RNA was extracted from cultured cells each week for
4 weeks using TRIzol reagent (Takara Bio, Inc., Otsu, Japan),
according to the manufacturer's protocol. The sequences
of the GATA4 primers (GeneBank Reference Sequence:
XM_002717998.1; Sangon Biotech Co., Ltd., Shanghai,
China) were as follows: Forward, cagtgagagccttcctectac
(5'-3"),and reverse, catagccttgtggggacag (5'-3'). The sequences
of the GAPDH primers (GeneBank Reference Sequence:
NM_001082253.1; Sangon Biotech Co., Ltd.) were as
follows: Forward, atggtgaaggtcggagtgaa (5'-3'), and reverse,
tgggtggaatcatactggaac (5'-3'). A cDNA synthesis kit (cat.
no. 6110A, Takara Bio, Inc., Otsu, Japan) was used to reverse
transcribe total RNA in accordance with the manufacturer's
protocols. PCR was performed at 85°C for 30 sec and 37°C
for 15 min to reverse transcribe to cDNA, then qPCR was
subsequently performed with a SYBR Premix Ex Taq GC
kit (cat. no. DRR041A; Takara Bio, Inc.) and 7500 Real-Time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) used to analyze the expression of
GATAA4 (7). Briefly, the reaction volume of 20 xl comprised
SYBR Premix Ex Taq (10 ul), PCR Forward Primer (10 uM;
0.4 pul), PCR Reverse Primer (10 uM; 0.4 ul), ROX Reference
Dye II (0.4 ul), cDNA (2 pl) and dH,O (6.8 ul) mixed on
ice, and was then used on the 7500 with the following steps:
1 cycle at 95°C for 30 sec, 40 cycles at 95°C for 5 sec and
60°C for 34 sec, then 1 cycle at 95°C for 15 sec, 60°C for 1 h,
and finally 95°C for 15 sec.

Immunofluorescence analysis of cardiac troponin T (cInT)
expression. Cells in the 4 experimental groups were cultured
in 6-well culture plates (5x10%cm?), and the cytomembranes
were permeabilized for 30 min with 0.3% Triton X-100 at
37°C. Following fixation with 4% paraformaldehyde for 12 h
at 4°C, cells were blocked with 5% bovine serum albumin
(FBS+PBS) for 2 h at room temperature, and incubated over-
night at 4°C with mouse anti-rabbit ¢TnT antibodies (1:200;
cat. no. abl0214; Abcam, Cambridge, UK). Subsequent to
washing with PBS, cells were incubated with goat anti-mouse
antibodies (cat. no. ab6789; 1:1,000; Abcam) for 2 h in the
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dark at room temperature. They were then washed with
PBS and stained with DAPI for 5 min in the dark at room
temperature, and subsequently observed under a fluorescence
microscope.

Western blot analysis of connexin 43 expression. Cells
(5x10%/cm?) in each experimental group were washed with
PBS and protein extracts were obtained following treatment
with RIPA lysis buffer. Samples, prepared as for OCT4,
above, were loaded onto a 15% precast gel and run at 80 V
followed by an increase to 120 V. Proteins were then trans-
ferred to polyvinylidene fluoride membranes for 45 min at
280 mA in transfer buffer. Membranes were subsequently
blocked with 5% skimmed milk powder in PBS for 2 h at
room temperature and incubated overnight at 4°C with mouse
anti-rabbit connexin 43 primary antibodies (cat. no. ab79010;
1:500; Abcam). GAPDH (cat. no. ab9483; 1:1,000; Abcam)
was used as the loading control. Following washing with
PBS, membranes were treated with HRP-conjugated goat
anti-mouse secondary antibodies (dilution, 1:1,000; cat.
no. ab6789; Abcam). The membranes were washed and ECL
reagent (cat. no. POO18A; Institute of Biotechnology) was
used for protein imaging with the GelDocXR* system (model
1708195; Bio-Rad Laboratories, Inc.) was used for analysis
and the number of replicates per group was 28.

Transmission electron microscopy. Following AFMSC
differentiation, cells were treated with 0.25% trypsin, washed
with PBS, fixed with 4% glutaraldehyde and 1% osmic acid
at 4°C for 12 h and embedded in Epon 812 epoxy resin
following graded ethanol dehydration at room temperature.
Samples were cut at 60-70 nm with an ultramicrotome and
double-stained with uranyl acetate for 5-10 min and lead
citrate for 5 min all on ice. A transmission electron micro-
scope was used to observe the ultrastructure of differentiated
cells in each group.

Statistical analysis. Data were presented as mean + stan-
dard deviation and differences between any 2 groups were
compared using one-way analysis of variance by SPSS
version 19.0 (IBM Corp., Armonk, NY, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Isolation and culture of AFMSCs. Amniotic fluid samples
were first obtained from rabbits. Following AFMSC isola-
tion for 7-10 days, the proliferative capacity of cells increased
(data not shown) and the cells were elongated and formed
numerous discontiguous colonies that displayed a circinate
alignment pattern and began to proliferate more rapidly
(Fig. 1A). Red blood cells disappeared from the culture
medium following several media changes.

Western blot analysis of OCT4 expression. Western blot
analysis demonstrated positive OCT4 expression in AFMSCs
(Fig. 1B). AFMSCs exhibited characteristics similar to
embryonic stem cells; the cell colonies displayed a circinate
alignment pattern and began to proliferate more rapidly
(Fig. 1A).
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Figure 1. Morphology of AFMSCs and western blot analysis of OCT4 expres-
sion at 7-10 days post-isolation. (A) AFMSCs displayed a circinate alignment
pattern without spaces between the cells (magnification, x5). (B) Cells in the
4 groups (a, untreated control; b, TGFf1-treated group; ¢, 5SAza-treated group;
and d, TGFP1 + 5Aza-treated group) were OCT4-positive as determined by
western blot analysis. AFMSCs, amniotic fluid-derived mesenchymal stem
cells; OCT4, octamer-binding transcription factor 4.

AFMSC tumorigenicity experiment. The tumorigenicity
experiment demonstrated that nude mice in the control and
OCT4-positive AFMSC-injected groups (Fig. 2A and B)
remained alive and did not develop tumors (Fig. 2C).

Induction of AFMSC differentiation. Following induction
of AFMSC differentiation, no marked alterations in cell
morphology were observed in group A cells, which maintained
their morphology following passage 6 (Fig. 3A). However,
cells in group B proliferated rapidly and were more elongated
following TGFf1 treatment when compared with group A cells
(Fig. 3B). Cytomixis was observed in group C cells, which
were elongated following 5Aza treatment when compared
with group A cells (Fig. 3C). Following combined TGFf1 and
5Aza treatment (group D), cytomixis was observed and cells
were elongated and larger when compared with group A cells
(Fig. 3D).

RT-qPCR analysis of GATA4 expression. RT-qPCR was
performed to analyze GATA4 expression in AFMSCs among
the 4 experimental groups and all groups were treated for
4 weeks. No increase in GATA4 expression was observed
in group A at 4 weeks following treatment when compared
with 1 week following treatment (Fig. 4). However, GATA4
expression was increased in group B cells at 4 weeks
following treatment, in group C cells at 3 weeks following
treatment, and in group D cells at 2 weeks following treatment
when compared with 1 week following treatment. GATA4
expression was highest in group D and this difference was
statistically significant when compared with the other groups
(Fig. 4). These results indicated that GATA4 was expressed
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Figure 3. Morphology of AFMSCs in differentially-treated groups following induction of differentiation (magnification, x5). (A) Group A cells maintained
their morphology, and kept their distribution characteristics. (B) Cells in group B proliferated rapidly and became elongated. (C) Cytomixis and elongation
was observed in group C cells. (D) Cytomixis was observed in group D cells, which were elongated and larger in size compared with other groups. AFMSCs,
amniotic fluid-derived mesenchymal stem cells; group A, untreated control; group B, TGFf1-treated; group C, 5Aza-treated; group D, TGFf1 + 5Aza-treated;

TGFpI, transforming growth factor 1; SAza, 5-azacytidine.

earlier and at a higher level in group D cells, which were
treated with a combination of TGF1f and 5Aza (Fig. 4).

Immunofluorescence analysis of c¢cTnT expression.
Immunofluorescence was performed to analyze the expres-
sion of cTnT. At 2 weeks following treatment, low cInT
expression was observed in group A cells, while marginally
higher levels were observed in groups B and C (Fig. 5A-C).
However, cTnT expression in group D was increased when
compared with groups A, B and C (Fig. 5D), with more red
fluorescing cells in group D (P<0.05) when compared with
groups A, B and C. After 2 weeks, the expression of ¢InT in
all groups was stable.

Western blot analysis of connexin 43 expression. Western
blot analysis of connexin 43 expression revealed low expres-
sion in group A (Fig. 6). By contrast, a marked increase in
connexin 43 expression was observed in groups B and C
when compared with group A (Fig. 6). Notably, connexin
43 expression was significantly (P<0.05) higher in group D
when compared with groups A, B and C (Fig. 6).
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Figure 4. Detection of GATA4 expression levels by reverse transcrip-
tion-quantitative polymerase chain reaction in groups of amniotic
fluid-derived mesenchymal stem cells treated with TGFS1 and/or 5Aza.
GATA4 expression was higher in the TGFB1 + 5Aza-treated group when
compared with the other groups. “P<0.05. GATA4, GATA binding protein 4;
TGFp1, transforming growth factor 1; 5Aza, 5-azacytidine.

Transmission electron microscopy analysis. Following
AFMSC differentiation, cells were observed under a
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Figure 5. Detection of ¢TnT expression by immunofluorescence analysis of amniotic fluid-derived mesenchymal stem cells in the (A) untreated control,
(B) TGFp1-treated group, (C) 5SAza-treated group and (D) TGFf1 + 5Aza-treated group. Blue, cell nucleus fluorescence signals and red, cInT fluorescence signals.
Expression of cTnT was higher in the TGFf1 + 5Aza-treated group when compared with the other groups. ¢InT, cardiac troponin T; TGFf1, transforming growth

factor f1; SAza, 5-azacytidine.

transmission electron microscope. A myofilament-like struc-
ture, which is a characteristic feature of cardiomyocytes,
was observed in group D cells (Fig. 7), however this was not
observed in the other groups.

Discussion

The development of molecular biological techniques and
stem cell research has provided promising progress in the
regeneration of necrotic myocardium. In 2001, Orlic et al (8)
were the first to report that bone marrow cells were capable
of regenerating infarcted myocardium. This previous study
demonstrated that bone marrow cells were able to regenerate
myocardial cells, which may improve the prognosis of coronary
artery disease. These results were the first to demonstrate that
stem cells may be used to regenerate infarcted myocardium, thus
representing a novel approach for the regeneration and therapy
of myocardial infarction. Therefore, the focus of research into
stem cell treatment and regenerative medicine, is to identify an
alternative source of stem cells. Recently, AFMSCs have been
used for several applications, including prenatal diagnostics,
tissue engineering, gene therapy, cell transplantation, as well as
additional cell-based procedures, such as neuro-regeneration,
and myocardial infarction therapy (3,9). Researchers have
recently started to investigate the differentiation of AFMSCs
into myocardial cells. In 2007, Chiavegato et al (4) assayed
the phenotypic conversion of AFMSCs using cardiovas-
cular-specific induction media or co-culture with rat neonatal
cardiomyocytes. AFMSCs exhibited a cardiomyocyte pheno-
type following co-culture with rat neonatal cardiomyocytes. In
2011, Guan et al (10) demonstrated that human MSCs may be a
potential source of cells for cardiac cell therapy. This previous
study induced the differentiation of hAFS along the cardiac
lineage by incubation with 5Aza for 24 h. Evidence for this
differentiation included morphological alterations, upregulation
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Figure 6. Expression of connexin 43 as determined by western blot analysis.
Connexin 43 expression was higher in the TGFB1 + 5Aza-treated group when
compared with the other groups. "P<0.05. TGFf1, transforming growth factor
B1; 5Aza, 5-azacytidine.

of cardiac-specific genes and redistribution of connexin 43.
Thus, hMSC differentiated into a cardiomyocyte-like phenotype
and established functional communication when co-cultured
with neonatal rat cardiomyocytes.

Once suitable cells for seeding are obtained, controlling
the direction of differentiation and improving the efficiency of
differentiation are important. SAza promoted the generation
of myocardial sarcomeres and the production of myosin and
muscle protein (11). Xing et al (12) demonstrated that mouse
bone marrow MSCs transformed into cardiomyocyte-like
cells following induction with 5Aza in vitro. However, the
differentiation cycle induced by 5Aza alone was lengthy (13),
and such a long duration of treatment reduces the rate of
cell proliferation (14). Therefore, an alternative and effec-
tive method for the induction of stem cell differentiation is
required.
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Figure 7. Transmission electron microscopy analysis of differentially-treated groups of amniotic fluid-derived mesenchymal stem cells. (A) myofilament-like
structure, (as indicated by red arrows), was observed in the cells treated with transforming growth factor 1 + 5-azacytidine (D), but not found in the

(A) untreated control, (B) TGFf1-treated group and (C) 5Aza-treated group.

TGFp is a multifunctional cytokine that regulates cell
growth, differentiation and death, and has emerged as an
important factor in the self-renewal and maintenance of stem
cells (15). There are 3 subtypes of TGFp, and the TGFf1
signaling pathway serves an important role in the regulation
of cell growth, differentiation, tissue repair and carcinogen-
esis. TGFP1 has been previously implicated in a number of
cardiac diseases, such as post-myocardial infarction ventricular
remodeling, and it stimulates the proliferation of mouse and
human myofibroblasts (16). Huntgeburth et al (17) reported that
transgenic mice lacking TGFp1 displayed increased fibrosis and
myocyte hypertrophy. An additional study indicated that TGF{1
affected the regulation of MSCs at transcriptional and post-tran-
scriptional levels, and promoted MSC differentiation (1).

Improving the efficiency of directional differentiation of
AFMSCs is one of the technological challenges for cardio-
vascular stem cell therapy. Therefore, the present study used
5Aza combined with TGFp1 to induce AFMSC differentiation
more effectively. Taking the results of previous studies into
account (18-20), the optimum concentration was determined to
be 10 gmol/l for 5Aza and 5 ng/ml of TGFf1, with each group
treated for 24 h, and the effectiveness of induction was subse-
quently observed.

GATA4 is a cardiac marker that is highly expressed in
cardiac muscle cells throughout embryonic development,
postnatal growth and adulthood. During this process, it func-
tions as a critical regulator of cardiac differentiation (19),
and regulates the expression of genes that are critical for
cardiac contraction. GATA4 controls the expression of
genes involved in cardiac structure and is essential for the
cardiovascular system; the quantity of its expression has a
decisive effect (21). Thus, the present study selected GATA4
as a target to investigate whether AFMSCs transformed into
cardiomyocytes.

Cardiac troponin includes proteins T, I, and C. cTnT
is considered to be a reliable biomarker with sufficient
sensitivity and specificity for cardiac injury in the majority
of laboratory animals (22), and it is the ‘gold-standard’
biomarker of myocardial injury in humans (23).

Connexin 43 controls the migration and proliferation
of smooth muscle cells, and the expression of Connexin 43
is increased according to the synthetic state of these cells,
which develop in early atherosclerotic lesions (24). Delmar
and Makita (25) demonstrated that connexin 43 serves an
important role in cardiac conduction and heart disease, and
Thimm et al (26) reported that connexin 43 was functionally
associated with calcium, which regulated its open/closed
conformations. Antunes et al (27) demonstrated that connexin
43 was an important component of ventricles and cardiac
muscle. Therefore, the present study selected ¢InT, connexin
43 and GATA4 as indicators of AFMSC-to-cardiomyocyte
differentiation.

In the present study, AFMSCs were successfully isolated
and cultured from amniotic fluid using the direct adherence
method. Western blot analysis demonstrated the expression
of OCT4, which confirmed that AFMSCs are capable of
multipotent differentiation. Furthermore, the tumorigenicity
experiment demonstrated that AFMSCs were not tumori-
genic. Following combined treatment with SAza and TGFf1,
AFMSCs exhibited positive expression of GATA4, cInT and
connexin 43, and a myofilament-like structure was observed
under transmission electron microscopy. The results of
the present study demonstrated that AFMSCs exhibited
cardiomyocyte-like characteristics following differentiation,
indicating that transformation into cardiomyocyte-like cells
had occurred. A small number of cardiomyocyte-like cells
were observed following treatment with SAza or TGFf1
alone, however, an increased number of cardiomyocyte-like
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cells were observed following combined treatment with
5Aza and TGFf1. These results indicated that combined
induction may improve the directional differentiation effi-
ciency of AFMSCs. The current study provides an efficient
and practical method for the directional differentiation of
AFMSCs, increases the effectiveness of the transformation
of cardiomyocyte-like cells in vitro, and presents a promising
strategy for the regeneration of myocardial cells.
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