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A B S T R A C T

Human amniotic fluid mesenchymal stem cells (hAF-MSCs) have been shown to be effective in the treatment of
many diseases. Platelet lysate (PL) contains multiple growth and differentiation factors; therefore, it can be used
as a differentiation inducer. In this study, we attempted to evaluate the efficiency of human platelet lysate (hPL)
on cell viability and the effects on cardiomyogenic differentiation of hAF-MSCs. When treating the cells with hPL,
the result showed an increase in cell viability. Expressions of cardiomyogenic specific genes, including GATA4,
cTnT, Cx43 and Nkx2.5, were higher in the combined treatment groups of 5-azacytidine (5-aza) and hPL than the
expressions of cardiomyogenic specific genes in the control group and in the 5-aza treatment group. In terms of
the results of immunofluorescence and immunoenzymatic staining, the highest expressions of cardiomyogenic
specific proteins were revealed in combined treatment groups. It can be summarized that hPL may be an effective
supporting cardiomyogenic supplementary factor for cardiomyogenic differentiation in hAF-MSCs.
1. Introduction

Coronary artery disease (CAD) is not only a significant health problem
that has led to a high mortality rate in Thailand, but it is also known to be
a leading cause of death world-wide [1]. Increases in occurrences of CAD
across the globe are largely due to poor lifestyle choices [2]. Myocardial
infarction (MI) is one of the most common presentations of CAD. Since
adult cardiomyocytes are unable to regenerate necrotic tissue to
compensate for cardiac dysfunction, massive loss of functional car-
diomyocytes can lead to myocardial disorders [3, 4]. For many centuries,
a number of therapeutic methods have been developed that are intended
to improve the quality of life of patients. Stem cell therapy, also known as
regenerative medicine, promotes the repair response of diseased,
dysfunctional or injured tissue and immune disorders. There can be
enormous potential for embryonic stem cells (ESCs); however, there are
also a number of ethical and political issues associated with ESCs [5]. At
present, several cell types are being studied for their potential in the
treatment of heart disease [6]. Using stem cells such as MSCs for
regenerative medicine has also become an interesting therapeutic
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mission in the treatment of various incurable diseases [7] including MI
[8]. MSCs are multipotent stem cells that have the capability of being
differentiated into cardiomyocytes when they have been induced by
certain factors such as 5-azacytidine (5-aza) [9, 10]. MSCs can be isolated
from adipose tissue, amniotic fluid, bone marrow, placenta, peripheral
blood and umbilical cord [11, 12, 13]. They have displayed plastic
adherent properties when maintained in standard culture conditions.
They have also been found to express MSCs surface markers and can be
differentiated into multiple mesenchymal linages [12, 14]. However,
adult stem cells (ASCs), such as bonemarrowMSCs, have been associated
with a range of challenges and obstacles including pain, morbidity, low
cell numbers upon harvesting [15] and high levels of immunoreactivity
[16]. For these reasons, high yields of cells and favorable growth kinetics
of in vitro cultures are practical requirements for a clinically useful cell
source that can be used for tissue engineering [17]. Thus, different fetal
tissues have been studied for their potential as an alternative source of
stem cells.

Human amniotic fluid represents a rich source of MSCs and contains a
heterogeneous cell population derived from placental membranes and
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fetal origins [14]. The hAF-MSCs obtained from the second-trimester of a
pregnancy possess a self-renewal capacity and multilineage differentia-
tion potential [18, 19, 20]. They can differentiate into chondrocytes [21,
22], endothelial cells [23], osteocytes [24] and cardiomyocytes [25].
Furthermore, they have been shown to be effective in the treatment of
many diseases such as MI [26].

Specifically, 5-aza is a DNA demethylating chemical compound that
can induce MSCs into cardiomyocytes. Previous studies have proven
that 10 μM of 5-aza can induce cardiomyogenic differentiation in vitro
[27, 28, 29]. Notably, hPL is classified as a cell-free, low level protein. It
is produced from highly concentrated human platelets in the plasma.
The preparation is highly enriched in thrombocytic growth factors, but
exhibits a low content of plasma proteins [30, 31]. It is known to
contain multiple growth factors such as platelet-derived growth factor
(PDGF), basic fibroblast growth factor (b-FGF), insulin-like growth
factor (IGF) and transforming growth factor beta (TGF-β) [32, 33].
Interestingly, hPL possesses most of the characteristics that are involved
with cardiomyocyte differentiation. Thus, hPL was selected for this
study from an extensive review of literature. Based on relevant data, this
present study is focused on how hPL could improve the efficiency of
hAF-MSCs to be differentiated into cardiomyocyte-like cells. Impor-
tantly, hPL was used as an inducing factor when combined with 5-aza
for hAF-MSCs without retroviral transduction and reprogramming.
The aim of this study was to evaluate the optimal dose of hPL that ef-
fects on cell viability and the differentiation potential of hAF-MSCs to-
ward cardiomyocyte-like cells.

2. Materials and methods

2.1. Cell samples

Back-up flask of human amniotic fluid cell (hAF cell) samples with
normal karyotype (46, XX/46, XY) (17 samples) were obtained from the
16th-22 nd weeks of gestation by amniocentesis after prenatal diagnosis
from the Human Genetics Laboratory, Department of Anatomy, Faculty
of Medicine, Chiang Mai University. This study was approved and
allowed by the Ethics Committee from the Faculty of Medicine, Chiang
Mai University, 13th March 2018, No. ANA-2561-05344.
2.2. Cell preparation and cultivation

The direct adherent method was used to separate hAF-MSCs [34]. In
brief, hAF cells that were cultured in 25 cm2

flasks (Corning Incorporated,
NY, USA) with expansion medium (BIOAMF-3TM Complete Medium)
(Biological Industries, Kibbutz Beit Haemek, Israel) at 37 �C, 5% CO2 and
95% humidity were changed to culture with the basal growth medium
comprised of Dulbecco's Modified Eagle Medium (DMEM)–high glucose
(Gibco, USA) with a supplement of 10% fetal bovine serum (FBS) (Gibco,
South America), gentamycin 40 mg/ml and Pen Strep (penicillin and
streptomycin) 10,000 U/ml (Gibco, USA). Themediumwas changed every
3 days. After the cells reached 80% confluence, they were sub-cultured
using 0.25% trypsin-EDTA (Gibco, USA). The cell samples that were
collected from the 2nd passage were used in all of our experiments.

The hAF cell samples were observed under a DMi1 inverted phase
contrast microscope (Leica Microsystems, USA). The cell samples that
were collected from the 2nd passage were washed twice with sterile
phosphate-buffered saline (PBS) (Amresco, Ohio, USA) and were tryp-
sinized with 0.25% trypsin-EDTA. Subsequently, hAF cells were sus-
pended in basal growth medium and centrifuged (C2 Series, Centurion
Scientific Ltd, UK) at 2,035 g for 6 min at room temperature. After that,
the supernatant was removed and the hAF cells were used in the
experiments.
2

2.3. Flow cytometry analysis

The MSCs population in the hAF cell samples was examined by
observing the expression of MSC specific cell surface proteins, 3 hAF
cell samples with duplicate were incubated with monoclonal anti-
bodies; phycoerythrin (PE)-conjugated mouse anti-human CD31,
CD117, HLA-DR (Immuno Tools GmbH, Friesoythe, Germany), mouse
anti-human CD44 (Pierce Biotechnology, Rockford, USA), mouse anti-
CD45 (Biolegend, San Diego, USA) and mouse anti-human CD73 (Life
Technologies, California, USA), as well as fluorescein isothiocyanate
(FITC)-conjugated mouse anti-human CD34, CD90 (Biolegend, San
Diego, USA) and mouse anti-human HLA-ABC (Immuno Tools GmbH,
Friesoythe, Germany). PE mouse isotype control and FITC mouse
isotype control (Biolegend, San Diego, USA) were used as negative
controls. Cell fluorescence was evaluated using FACscan (Becton
Dickinson, Lincon Park, NJ) and analyzed using CellQuest Pro 9.0
software (Becton Dickinson).
2.4. Alamar blue cell proliferation assay

Alamar blue cell proliferation assay was used to measure living
cell proliferation from the oxidation–reduction of the living cell
metabolism. In order to confirm one of the properties of MSCs that
can involve cell proliferation, 3 hAF cell samples with duplicate were
cultured in a 24-well culture plate with basal growth medium at a
concentration of 2 � 103 cells/well for 24 h. Thereafter, the basal
growth medium was removed and 100 μl of 10% alamar blue in
DMEM was added. The samples were then incubated at 37 �C, 5%
CO2 with 95% humidity for 4 h. After that, the supernatant was
evaluated using the colorimetric change from each well, while hAF
cells were continuously cultivated under the same conditions. Absor-
bance measurements were taken every other day until day 21 of the
cell-culturing procedure using a spectrophotometer plate reader
(Original Multiskan EK, Thermoscientific, UK) at 540 and 630 nm.
The control solution was performed by 10% alamar blue in pure
DMEM aspirated from wells that were without the cells. The %
reduction of each case was calculated using the formula

Percentage reduction of alamar blue¼ Sx � Scontrol

S100% � Scontrol

Sx ¼ the alamar blue fluorescence signal of the sample at day x
Scontrol ¼ the signal from the control
S100% ¼ reduced form of alamar blue was produced by autoclaving

control
2.5. Human platelet lysate preparation

Human platelet concentrates (hPCs) were obtained from the labora-
tory of the Blood Bank Section of Maharaj Nakorn Chiang Mai Hospital,
Faculty of Medicine, Chiang Mai University using apheresis methods
after positive red blood cell antibody screening. This study was approved
of by the Ethics Committee from the Faculty of Medicine, Chiang Mai
University on the 13th of March 2018, No. ANA-2561-05344.

The hPCs were used to prepare the hPL as follows [35, 36]. The hPL
analysis was performed by three cycles of freezing (-80 �C) and thawing
(37 �C) of the pooled 15 hPC samples. These samples were then centri-
fuged at 2,200 g for 20 min at room temperature to remove membrane
fragments. After that, the supernatant was filtered using 0.2 μm filters
(Corning Incorporated, NY, USA). Finally, 4U/ml of heparin (Bellerup,
Denmark) was added to prevent clot formation and aliquots of the hPL
were stored at -20 �C for 6 months.
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2.6. Enzyme-linked immunosorbent assay (ELISAs)

For further characterization of the hPL, the concentrations of the
basic fibroblast growth factor (b-FGF), insulin-like growth factor 1 (IGF-
1), transforming growth factor β1 (TGF-β1) and vascular endothelial
growth factor (VEGF) were determined using commercially available
sandwich ELISAs (Sigma-Aldrich, St. Louis, MO, USA). Frozen hPL
products were thawed and ELISAs were performed with triplicate ac-
cording to the manufacturer's instructions. The degree of absorbance was
determined with a spectrophotometer plate reader at 450 nm.
2.7. Cell viability

Methylthiazole tetrazolium (MTT) assay was used to evaluate the
optimal concentrations of hPL and the viability of the hAF cells after hPL
treatment. The 3 hAF cell samples with triplicate were plated in a 96-well
culture plate at a density of 5�103 cells for 24 h. After cell plating, cells
were exposed with hPL (0.3125–40%) [37, 38] for 24, 48 and 72 h. The
basal growth medium was then discarded, replaced with MTT solution
(0.5 mg/ml of Thiazolyl Blue Tetrazolium Bromide in DMEM) (Sig-
ma-Aldrich, St. Louis, MO, USA) and incubated for 4 h. After that, the
MTT solution was removed and 100 μl of dimethyl sulfoxide (DMSO)
(Sigma-Aldrich, St. Louis, MO, USA) was added to dissolve the formazan
crystals. Absorbance measurement of the samples was performed using a
spectrophotometer plate reader at 540 nm. The control solution was
performed by pure DMEM. The percentage of the viable cells was
calculated using the following formula.

% of survival cells¼ðOD of sample =OD of controlÞ � 100

2.8. Cardiomyogenic specific gene expression analysis

The 3 hAF cell samples with triplicate were cultivated in a 24-well
culture plate at a density of 5�104 cells and were incubated with basal
growth medium for 24 h. Afterwards, the cells were exposed to 2.5, 5, 10
and 20% of hPL for 21 days, 10μM of 5-aza and 2.5, 5, 10 and 20% of hPL
combined with 10μM of 5-aza for 24 h. After 24 h of 5-aza treatment, the
medium was changed to basal growth medium until day 21. The con-
centrations of hPL in this method were determined based on the results of
the MTT assay. The concentrations at 2.5–20% were selected as the cells
showed the high viability. Total ribonucleic acid (RNA) was extracted by
utilizing an Illutra RNAspin Mini RNA Isolation Kit (GE Healthcare, UK),
and the complementary DNA (cDNA) was then synthesized from 0.5 μg
RNA using the iScript™ cDNA Synthesis kit (Bioline, USA) according to
themanufacturer's instructions. Reverse transcriptase� quantitative PCR
(RT-qPCR) was carried out using a SensiFAST™ SYBR® No-ROX Kit
(Bioline, USA) on a Chromo4™ Real-Time PCRDetector (Bio-Rad, United
States). Gene specific primer sequences (GATA4, cTnT, Cx43, Nkx2.5 and
GAPDH) are shown (Table 1). GAPDH was used as the internal control
Table 1. The primers for RT–qPCR and products size.

Genes Primer sequences

GATA4 F50-CTGTGCCAACTGCCA

R50-GGCTGACCGAAGATG

cTnT F50-GGCAGCGGAAGAGGA

R50-GAGGCACCAAGTTGG

Cx43 F50-GAATCCTGCTCCTGG

R50-GATGCTGATGATGTA

Nkx2.5 F50-CTGCCGCCGCCAACA

R50-CGCGGGTCCCTTCCC

GAPDH F50-ATGGGGAAG GTGAA

R50-TAAAAGCAGCCCTGG

3

gene for the normalization of the relative gene expression level using the
2�ΔΔct method.

2.9. Differentiation of hAF-MSCs to cardiomyocyte-like cells

The 5 hAF cell samples with duplicate were plated in a 24-well culture
plate at a density of 1�105 cells and incubated with basal growth me-
dium for 24 h. After that cells were divided into three groups under
different culture medium conditions. The control group was cultured
with basal growth medium and the cardiomyogenic induced group was
cultured with cardiomyogenic induced medium (10 μM 5-aza) combined
with and without 20% of hPL. After 24 h, the cardiomyogenic induced
medium was changed to basal growth medium and the culture medium
was changed every 3 days for 21 days. Cardiomyogenic specific gene
expression (GATA4, cTnT, Nkx2.5 and Cx43) was evaluated by RT-qPCR
and the degree of expression of GAPDH was used as the internal control
gene for the normalization of the relative gene expression level using the
2�ΔΔct method. Cardiomyogenic specific protein expression was evalu-
ated using immunofluorescence and immunoenzymatic staining.

2.10. Immunohistochemistry staining

2.10.1. Immunofluorescence staining
The control and cardiomyogenic induced groups were cultured on

coverslips (Thermo scientific, UK) for 21 days. After fixation for 30 min
with 4% paraformaldehyde, the cell membranes were permeabilized
with 0.2% triton X-100 (Amresco, Ohio, USA) in PBS and blocked in 10%
AB-serum in 1% bovine serum albumin in PBS (BSA-PBS) for 30 min at
room temperature. The cells were incubated with mouse monoclonal
primary antibodies against human GATA4, cTnT and Nkx2.5 (Sigma-
Aldrich, St. Louis, MO, USA) for 2 h at 37 �C. After being washed with
PBS, cells were incubated with goat anti-mouse secondary antibody
conjugated with FITC (Thermo Scientific, UK) (495 nm/519 nm) for 1 h
at 37 �C. Subsequently, the nuclei and cover-slips were mounted onto the
microscopic slides using anti-fade reagent with 40-6-diamidino-2-phe-
nylindole (DAPI) (Invitrogen, USA). Cells were visualized using a fluo-
rescence microscope Olympus AX70. Photographs were taken with a DP
manager and DP controller (Olympus Life Science, USA). The degree of
expression of the fluorescent signal was assessed using imageJ 1.50i
software and calculated by the corrected total cell fluorescence (CTCF).

CTCF¼ Integrated Density

� ðArea of selected cell *Mean signal of background readingsÞ

2.10.2. Immunoenzymatic staining
The control and cardiomyogenic induced groups were cultured on

coverslips (Thermo scientific, UK) for 21 days. After fixation, the cells
were blocked in 10% AB-serum in 1% BSA-PBS for 30 min at room
temperature, and then incubated with mouse anti-human Cx43 primary
antibodies (Sigma-aldrich, USA) for 2 h at 37 �C. After being washed with
Sizes (bp)

CACCA-30 437

CGTAG-30

TGCTGAA-30 150

GCATGAACGA-30

-30 380

G-30

AC-30 136

TACCA-30

GGTCG-30 70

TGACC-30
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PBS, the cells were incubated with goat anti-mouse horseradish peroxi-
dase secondary antibody (Immuno Tools GmbH, Germany) for 1 h at 37
�C. Finally, the immunoreaction was detected by using 3, 3 -dia-
minobenzidine (DAB) substrate (Sigma-aldrich, USA). The cells were
visualized under Axiostar plus light microscope (Carl Zeiss, Germany).
Photographs were taken with Canon pc 1049 PowershotG5 (Canon,
USA). The signal expression was analyzed using imageJ 1.50i software
and calculated by CTCF.

CTCF¼ Integrated Density

� ðArea of selected cell *Mean signal of background readingsÞ

2.11. Statistical analysis

The data were analyzed with descriptive analysis and presented as the
mean � standard error (S.E.) of the mean. Statistical comparisons were
performed three times using the Kruskal Wallis test with a post hoc
Dunn's test using SPSS version 22.0 software (IBM Corp). A p-value of less
than 0.05 was considered statistically significant.

3. Results

3.1. Cell preparation and cultivation

A microscopic examination revealed that the hAF cells in the 2nd
passage densely adhered to the flask in a monolayer. The homogenous
fibroblast-like morphology was then identified (Figure 1).
3.2. Flow cytometry analysis

The results revealed that hAF cells positively expressed typical MSCs
surface markers including CD44 (75.9� 2.3%), CD73 (77.8� 2%), CD90
(66.5 � 2.9%) and HLA-ABC (72.1 � 7.7%). Additionally, they were
negatively stained for CD31 (0.29 � 0.1%), CD34 (0.25 � 0.1%), CD45
(0.23 � 0.2%), CD117 (0.3 � 0.2%) and HLA-DR (0.32 � 0.2%)
(Figure 2).
3.3. Alamar blue cell proliferation analysis

The growth curve continuously increased from the early stage of
cultivation (day 1 - day 11). The highest degree of cell proliferation was
observed on day 11 by an increase of 8-fold from first day. The contin-
ually cultured cells seemed to decrease in cell number and cell-
replicating ability as the cell culture process came to an end (Figure 3).
Figure 1. Morphology of hAF cells in the 2nd passage displaying homogenous
fibroblast-like morphology with 100% confluence.
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3.4. Growth factor quantification

The hPL presented an overview of relevant growth factors including
b-FGF, IGF-1, TGF-β1 and VEGF (Table 2).
3.5. Cell viability

The hAF-MSCs were exposed to different concentrations of hPL
(0.3125–40%). The results indicated an increase in cell viability higher
than the control at all-time points. At 72 h, the hPL treated cells at
concentrations of 2.5, 5, 10, 20 and 40% displayed higher statistically
significance compared to the control and at concentrations of 20 and 40%
displayed higher statistically significance compared to 0.625 and 1.25%.
Moreover, at concentration of 5 and 40% displayed higher statistically
significance on hAF-MSCs viability compared to 24 h. Interestingly, at a
concentration of 20% hPL displayed the highest degree of cell viability at
all-time points (24, 48 and 72 h) (Figure 4).
3.6. Human platelet lysate-regulating effect on cardiomyogenic specific
gene expression

The results revealed that the expression levels of GATA4, cTnT, Cx43
and Nkx2.5 were increased in hPL treatment group when compared to
control and 10 μM 5-aza treatment group. GATA4 level was up-regulated
through the highest expressions with 47-fold relative to the control group
and 17-fold relative to 5-aza treatment group at a concentration of 5%
hPL as well as the expression of Nkx2.5 showed 5.5-fold and 2-fold
relative to the control group and 10 μM 5-aza treatment group, respec-
tively. cTnT level was up-regulated through the highest expressions with
60-fold relative to the control group and 19.5-fold relative to 10 μM5-aza
treatment group at a concentration of 10% hPL. Cx43 level was up-
regulated through the highest expressions with 6.7-fold relative to the
control group and 2.6-fold relative to 10 μM 5-aza treatment group at a
concentration of 20% hPL (Figure 5A).

Furthermore, the results of combined treatment group showed the
increased of genes expression levels in combined treatment group when
compared to control and 10 μM 5-aza treatment group. Strikingly, at a
concentration of 10μM 5-aza with 20% hPL revealed the highest ex-
pressions of GATA4 (52-fold), cTnT (44-fold), Cx43 (23-fold) and Nkx2.5
(8-fold) compared to control group. Similarly, the levels of these genes
were higher than 10 μM 5-aza treatment group (19-fold, 34-fold, 10-fold
and 3-fold, respectively) (Figure 5B).
3.7. Effect of hPL on cardiomyogenic differentiation

A suitable dose (10 μM 5-aza with 20% hPL) was used in this
experiment. The results revealed that the expression levels of GATA4,
cTnT, Cx43 and Nkx2.5 were increased in combined treatment group
when compared to control and 10 μM 5-aza treatment group. Gene levels
could be up-regulated through the highest expressions of GATA4 (21.08-
fold), cTnT (11.2-fold), Cx43 (11.12-fold) and Nkx2.5 (22.68-fold) rela-
tive to the control. Similarly, the levels of these genes were higher than
10 μM 5-aza treatment group (7-fold, 5-fold, 8-fold and 4.5-fold,
respectively) (Figure 6).

Moreover, cells were investigated for cardiomyogenic specific pro-
teins. The results of immunohistochemistry staining indicated that the
combined treatment group was strongly positive for cardiomyogenic
specific proteins. Cardiac transcription factors GATA4 and Nkx2.5 pro-
teins are localized in the nucleus. cTnT proteins are localized in the
cytoplasm and Cx43 proteins are localized in the cell membrane
(Figure 7). The expression levels of proteins signal (CTCF) showed
GATA4 (2-fold), cTnT (1.5-fold), Nkx2.5 (1.3-fold) and Cx43 (2-fold)
relative to 10 μM 5-aza treatment (Figure 8).

mailto:Image of Figure 1|tif


Figure 2. Expression of cell surface markers by flow cytometry histrogram of hAF cells in the 2nd passage showing positive results for CD44, CD73, CD90 and HLA-
ABC markers while showing negative results for CD31, CD34 and CD45, CD117 and HLA-DR markers.

Figure 3. Results of alamar blue cell proliferation assay showing the growth
characteristics of hAF-MSCs culture in the basal growth medium for 21 days.
Data are presented as mean � S.E. values.
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4. Discussion

Non-communicable diseases (NCDs) are also known as chronic dis-
eases. A person's lifestyles, along with genetic, physiological and envi-
ronmental factors, increase the possibility of contracting certain NCDs
[39]. CAD is just one NCDs of particular interest. It can weaken the
cardiac muscle, cause the death of cardiac muscle cells and contribute to
heart failure [40]. Unlike organs such as the skin and liver, after birth
most cardiomyocytes stop dividing and become terminally differentiated
[4, 41, 42]. Currently, many cell types are being considered for the
treatment of various incurable diseases including MI [6, 7, 8]. MSCs have
been applied in the treatment or restoration of damaged tissue [26].
Previous studies have reported that MSCs obtained from different sources
are associated with different differentiation tendencies [43,44]; more-
over, proper cells and the efficiency of differentiation are considered
highly important. Previous studies have demonstrated that AF-MSCs
represent the intermediate stage between ESCs and ASCs [18, 45]. The
advantages of obtaining hAF-MSCs are that they are considered easy, safe
Table 2. The concentration of growth factors in hPL.

Growth factors

b-FGF

IGF-1

TGF-β1

VEGF

5

and are known to be associated with a low risk of destroying embryos.
Moreover, AF-MSCs are capable of self-renewal and high expansion rates,
while they possess a high number of isolated cells [46].

In this study, the morphology of hAF cells in the 2nd passage dis-
played fibroblast-like morphology that adhered to the plastic culture
flask. This outcome is in accordance with previous studies which re-
ported that these cells can be classified into three types based on their
morphology and growth characteristics, namely amniotic fluid type,
epitheloid type and fibroblast type cells. Mesenchymal tissue is consid-
ered an origin of fibroblast type cells. At the 1st passage cells has revealed
the presence of heterogeneous populations. After the process of sub-
culturing, the adherent fibroblast type cells remained during the 2nd
passage. The fibroblast cell types are easier to subculture, more selective
and display the highest degree of growth potential [46, 47, 48].
Furthermore, several published studies have reported that hAF-MSCs
positively expressed MSCs surface markers including CD44, CD73 and
CD90 [48, 49, 50, 51]. On the other hand, there were no expressions of
the platelet endothelial cells marker (CD31), the HSCs marker (CD34 and
CD45) and the AFSCs marker (CD117 or c-kit) [46, 52]. CD117 or c-kit
can be used to distinguish between AF-MSCs and amniotic fluid stem
cells [48]. In addition, the hAF-MSCs displayed a high degree of
expression of HLA-ABC (MHC class I) and a low level of expression of
HLA-DR (MHC class II). MHC class I is the antigen that was found on the
cell surface of all nucleated cells, while MHC class II is normally found
only under inflammatory cell conditions and in activated leukocytes
[48]. The data of MSCs surface proteins and the immune-compatibility of
hAF-MSCs indicated the possibility of immunosuppression agent reduc-
tion in hAF-MSCs for use in clinical applications [53]. Consequently, the
findings of this study indicate that the hAF-cells displayed AF-MSCs
characteristics after applying the isolation method and have the poten-
tial for clinical applications. The growth characteristics of MSCs indicate
that these cells had a proliferation capacity that is related to MSCs growth
and proliferation pattern. Previous studies have demonstrated that, the
growth curve of the proliferation assay recorded in the previous study
showed a similar pattern to the MSCs growth pattern, which indicated a
short lag-phase at the early stage of proliferation. The log-phase was
Concentration

39.62 � 0.69 pg/ml

4.32 � 0.17 ng/ml

100 � 1.56 pg/ml

44.78 � 1.46 pg/ml

mailto:Image of Figure 2|tif
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Figure 4. Viability of hAF-MSCs exposed to hPL (0.3125–40%) in DMEM for 24, 48, and 72 h. The cells cultured in pure DMEM were used as the control. Data are
presented as mean � S.E. values. * statistically significant versus control. # statistically significant between group.
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initiated until reaching the highest peak and then plateaued for a couple
of days afterward [21, 23, 24, 54, 55].

The hPL is a growth factor-rich supplement. It was obtained from
hPCs via a standardized platelet apheresis technique. This technique is
6

thought to be significantly advantageous owing to the high concentration
of platelets and low level of leukocyte contamination that are associated
with it [56]. Freezing and thawing is known to be the simplest method,
resulting in a mechanical disruption of hPCs. This method presents no
Figure 5. A: hPL ability to up-regulate car-
diomyogenic specific genes expression. Each
graph displays the expression levels of GATA4,
cTnT, Cx43 and Nkx2.5, which were normalized
to GAPDH and were relative to the control group.
Data are presented as mean � S.E. values. * sta-
tistically significant versus control. # statistically
significant between group. B: hPL combined with
5-aza ability to up-regulate cardiomyogenic spe-
cific genes expression. Each graph displays the
expression levels of GATA4, cTnT, Cx43 and
Nkx2.5, which were normalized to GAPDH and
were relative to the control group. Data are pre-
sented as mean � S.E. values. * statistically sig-
nificant versus control. # statistically significant
between group.
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Figure 6. Ability of hPL to promote the differentiation of hAF-MSCs into cardiomyocyte-like cells. Each graph displays the expression levels of GATA4, cTnT, Cx43 and
Nkx2.5 that were normalized to GAPDH and were relative to the control group. Data are presented as mean � S.E. values. * statistically significant versus control. #
statistically significant between group.

Figure 7. Detection of cardiomyogenic spe-
cific proteins; immunofluorescence staining
FITC (495 nm/519 nm), green color for all
cardiomyogenic specific proteins (A–I) and
immunoenzymatic staining (J–L); GATA4
(localized in nucleus) staining (A) control
group, (B) 10 μM 5-aza induced group, (C)
10 μM 5-aza with 20% hPL induced group;
cTnT (localized in cytoplasm) staining (D)
control group, (E) 10 μM 5-aza induced
group, (F) 10 μM 5-aza 20% hPL induced
group; Nkx2.5 (localized in nucleus) staining
(G) control group, (H) 10 μM 5-aza induced
group, (I) 10 μM 5-aza with 20% hPL
induced group; Cx43 (localized in cell
membrane) staining (J) control group, (K) 10
μM 5-aza induced group (black arrow), (L)
10 μM 5-aza with 20% hPL induced group
(black arrow). (A-C and G-I) insets without
nuclear counterstain showing no nuclear
staining of two key core cardiac transcription
factors. Scale bar ¼ 100 μm.

R. Markmee et al. Heliyon 6 (2020) e04844
impurities of chemical activators; moreover, it is acknowledged as being
fast and effective [31, 36, 57]. Notably, hPL contains the most of multiple
growth factors [32, 33] that are involved in cardiomyocyte differentia-
tion including IGF-1, b-FGF and TGF-β1. Previous studies have reported
7

that IGF-1 and TGF-β1 could affect the proliferation of embryonic car-
diomyocytes; moreover, b-FGF and TGF-β1 could be involved the
development of cardiomyocytes [58, 59]. Additionally, the combination
of multiple growth factors and induction factors can improve

mailto:Image of Figure 6|tif
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Figure 8. Image J analysis showing the results of CTCF (the expression levels of GATA4, cTnT, Nkx2.5 and Cx43 proteins signal). Data are presented as mean � S.E.
values. * statistically significant versus control.
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cardiomyogenic differentiation and enhance the cardiomyogenic specific
gene expression levels of MSCs in vitro [60, 61]. In 2016, hPL was re-
ported to be able to induce the differentiation of rat BMSCs into car-
diomyocytes [37]. In 2017, Jiang and Zhang reported that a combination
of TGF-β1 and 5-aza could improve the efficiency of AF-MSCs differen-
tiation into cardiomyocytes [62]. Interestingly, hPL contains most of
these growth factors. Consequently, it was selected to be used in this
study. TGF-β is an important signaling pathway in the regulation of
cardiomyogenic differentiation. It showed an improvement in the ability
of human cardiomyocyte progenitor cells to differentiate into functional
cardiomyocytes in vitro through the TGF-β signaling pathway [63]. The
FGF signaling axis plays an important role in heart development and is
essential for normal heart development. Previous studies have reported
that cardiac remodeling can be promoted by activating the RAS-MAPK
and PI3K pathways through the activation of FGFR1c [64]. Moreover,
IGF-1 was found to promote cardiac lineage induction in vitro via acti-
vation of PI3K, Akt and mTOR [65].

As has been mentioned previously, 5-aza is also known as a car-
diomyogenic inducing factor for different cell types. It can be used in
traditional methods of cardiomyogenic induction as a well-known
demethylating agent. The expression of the cardiomyogenic specific
markers can then be evaluated [66]. It is a synthetic analog of cytosine
that changes the expression pattern of a group of genes involved in dif-
ferentiation. This is likely achieved by suppressing DNAmethylation [67,
68]. Although 5-aza-induced differentiation of MSCs into car-
diomyocytes has been widely studied, several studies have revealed that
5-aza induced effectively the up-regulation of phosphorylated car-
diomyogenic specific genes such as cTnT andNkx2.5 [69, 70] through the
ERK pathway. These results suggest that the sustained activation of ERK
by 5-aza contributed to the induction of the differentiation of MSCs into
cardiomyocytes in vitro [70].

In the current study, a combination of 10 μM 5-aza with 20% hPL was
able to up-regulate the cardiac specific genes and protein levels that play
an important role in cardiomyogenesis. GATA4 functions as a critical
regulator of cardiac differentiation [71] which expressed in the nucleus.
It is known to be highly expressed in cardiac muscle cells throughout the
stages of development [11]. Furthermore, it controls the expression of
genes involved in the cardiovascular system and cardiac structure [72].
Importantly, cTnT is considered a dependable biomarker that can func-
tion as a critical part of the troponin complex of myofibrils only in cardiac
muscles and express in cell cytoplasm [73, 74]. Cx43 represents just one
variety of gap junction proteins [75]. In 2005, Thimm and colleagues
reported that Cx43 functioned along with calcium [76] which then
maintained electrical activity (open/closed conformations) [77]. More-
over, it is an important component of ventricles and the cardiac muscle
8

[78]. It is found in cell membrane. Nkx2.5 is essential for normal cardiac
development. It is a transcription factor for cardiac development and
plays an important role in early cardiac development [74] which is
localized in the nucleus. These results indicate that the combined in-
duction may improve the differentiation efficiency of hAF-MSCs into
cardiomyocyte-like cells. However, at present, the sample size is limited
due to the source of MSCs. Therefore, further studies are required to
increase sample sizes to improve the confidence intervals and significant
difference in the data. In addition, the proper use of hPL that would be
suitable for cardiomyogenic induction is dependent upon the individual
source of the MSCs.

5. Conclusion

This study demonstrated that hAF-MSCs the characteristics of MSCs;
express the MSCs positive markers, the ability of increased proliferation
and could be potentially differentiated into cardiomyocyte-like cells.
Furthermore, the results of cell viability demonstrated that 20% hPL
displayed the highest degree of cell viability and the combined treatment
revealed some encouraging effects on cardiomyogenic differentiation.
These results indicated that combined induction could improve the car-
diomyogenic differentiation of hAF-MSCs. In conclusion, it has been
suggested that 10 μM5-aza with 20% hPL could be considered an effec-
tive supporting cardiomyogenic supplementary factor for cardiomyo-
genic differentiation in hAF-MSCs.
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