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5-Azacytidine Induces Cardiac Differentiation of Human
Umbilical Cord-Derived Mesenchymal Stem Cells
by Activating Extracellular Regulated Kinase

Qian Qian,"”" Hui Qian,"" Xu Zhang,' Wei Zhu,' Yongmin Yan,' Shenggqin Ye? Xiujuan Peng,
Wei Li2 Zhe Xu,' Lingyun Sun? and Wenrong Xu'

5-Azacytidine (5-Aza) induces differentiation of mesenchymal stem cells (MSCs) into cardiomyocytes. However, the
underlying mechanisms are not well understood. Our previous work showed that 5-Aza induces human bone
marrow-derived MSCs to differentiate into cardiomyocytes. Here, we demonstrated that 5-Aza induced cardiac
differentiation of human umbilical cord-derived MSCs (hucMSCs) and explored the potential signaling pathway.
Our results showed that hueMSCs had cardiomyocyte phenotypes after 5-Aza treatment. In addition, myogenic cells
differentiated from hucMSCs were positive for mRNA and protein of desmin, B-myosin heavy chain, cardiac
troponin T, A-type natriuretic peptide, and Nkx2.5. Human diploid lung fibroblasts treated with 5-Aza expressed no
cardiac-specific genes. 5-Aza did not induce hucMSCs to differentiate into osteoblasts. Further study revealed that 5-
Aza treatment activated extracellular signal related kinases (ERK) in hucMSCs, but protein kinase C showed no
response to 5-Aza administration. U0126, a specific inhibitor of ERK, could inhibit 5-Aza-induced expression of
cardiac-specific genes and proteins in hucMSCs. Increased phosphorylation of signal transducers and activators of
transcription 3, and up-regulation of myocyte enhancer-binding factor-2c and myogenic differentiation antigen in 5-
Aza-treated hucMSCs were also suppressed by U0126. Taken together, these results suggested that sustained acti-
vation of ERK by 5-Aza contributed to the induction of the differentiation of hucMSCs into cardiomyocytes in vitro.

Introduction

YOCARDIAL DISORDERS such as acute myocardial

infarction endanger millions of people and cause a
substantial number of deaths each year. Because adult cardi-
omyocytes are unable to regenerate necrotic tissue to com-
pensate for cardiac dysfunction, massive loss of functional
cardiomyocytes leads to myocardial disorder. Mesenchymal
stem cells (MSCs) have enormous potential for clinical ap-
plications of tissue regeneration, including myocardial
regeneration [1]. Several studies have shown that bone mar-
row-derived MSCs (BMSCs) are a promising therapeutic op-
tion for the treatment of heart disease [2,3]. In vitro induction
of the differentiation of murine or porcine BMSCs into car-
diomyocytes by 5-azacytidine (5-Aza) has been reported [4,5].
Our group reported the ability of adult human BMSCs to
differentiate into cardiomyocytes, and to express cardiac-
specific genes after treatment with 5-Aza in vitro [6]. To find a
new and reliable source of MSCs, we successfully isolated and
expanded MSCs from human umbilical cords and confirmed

that human umbilical cord-derived MSCs (hucMSCs) possess
characteristics similar to BMSCs [7]. Because they are easily
isolated and expanded, have the potential for proliferation
and multi-differentiation, and are widely available [7,8],
hucMSCs have become a promising therapeutic candidate for
treating injury to a number of tissues such as heart, liver [9],
and kidney [10,11].

Although 5-Aza-induced differentiation of MSCs into
cardiomyocytes has been widely studied, the details of the
signaling mechanisms remain unclear. GSK-3o and GSK-38
play distinct roles in mediating cardiomyocyte differentia-
tion in murine BMSCs. GSK-3B promotes cardiomyo-
cyte differentiation of MSCs by downregulating p-catenin,
whereas GSK-3a  inhibits cardiomyocyte differentiation
of MSCs through downregulation of c-Jun [12]. Mitogen-
activated protein kinases (MAPKSs) play important roles in
the cellular response to growth factors, cytokines and che-
micals, or environmental stress. There are at least 3 distinctly
regulated families of MAPKSs: extracellular signal related
kinases (ERK), Jun amino-terminal kinas, and p38 MAPKs
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(p38). The activation of ERK is an essential signal in meso-
derm differentiation during embryonic development [13].
The ERK pathway is reported to regulate the proliferation
and osteogenic differentiation of MSCs [14]. In addition, ac-
tivated ERK is involved in the differentiation of MSCs into
mature adipocytes [14,15]. The ERK signaling pathway is
also reported to promote the development of cardiomyocytes
derived from embryonic stem cells [16]. Fukuda found that
ERK phosphorylation increased in a cardiomyogenic cell line
from murine BMSCs after 5-Aza exposure and stimulation
with phenylephrine [17].

Studies have explored the ability of hucMSCs to differ-
entiate into cardiomyocytes in vitro, and have evaluated
their therapeutic effects on damaged cardiac tissues in vivo
[18]. In this study, we investigated the cardiomyocyte dif-
ferentiation of hucMSCs in response to 5-Aza treatment and
the role of the ERK pathway in mediating this process.

Materials and Methods
HucMSC isolation and culture

Fresh umbilical cords were collected from informed, con-
senting mothers and processed within the optimal period of
6h as described [7]. Umbilical cords were rinsed twice in
phosphate-buffered saline (PBS) containing penicillin and
streptomycin until the cord blood was cleared, and cord
vessels were removed. Cords were cut into pieces of 1-3mm?>
and adhered to flasks for 30 min, then floated in low glucose—-
Dulbecco’s modified Eagle’s medium (LG-DMEM) containing
10% fetal bovine serum (FBS; Gibco), 1% penicillin and strep-
tomycin. Cord pieces were subsequently incubated at 37°C in
humid air with 5% CO,. The medium was changed every 3 days
after initial plating. When well-developed colonies of fibroblast-
like cells reached 80% confluency, cultures were trypsinized
with 0.25% trypsin—ethylenediamine tetraacetic acid (Invitro-
gen) and passaged into new flasks for further expansion.

Myogenic differentiation of hucMSCs in vitro

Second-passage cells were seeded in 6-well plates at 10,000
cells per well. After 24h, medium was changed to condi-
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tioned medium (LG-DMEM supplemented with 10% FBS
and 10 pM 5-Aza). To prevent cell death from prolonged 5-
Aza exposure, after induction for 24h, cells were washed
twice with PBS to remove 5-Aza and medium replaced with
fresh LG-DMEM containing 10% FBS. Medium was changed
every 3 days until the experiment was terminated after 2
weeks. As a negative control cell line, human diploid lung
fibroblasts (HFL1s, Shanghai Institutes for Biological Science,
CAS) were cultured and treated under the same conditions
as hucMSCs, with MEM-a supplemented with 15% FBS. For
analysis of the mechanisms involved in the differentiation,
U0126 (Promega) was added to the medium until the cells
were collected.

Osteogenic differentiation of hucMSCs

The hucMSCs of second passage were cultured in osteogenic
medium (0.1 mM dexamethasone, 10 mM b-glycerophosphate,
and 50mM ascorbate-phosphate). All reagents were from
Sigma-Aldrich. After 2 weeks, specific histochemical staining
for neutrophil alkaline phosphatase (NAP) with NAP stain-
ing kit (Sun Bio) was examined in hucMSCs, hucMSCs
treated with 5-Aza, and hucMSCs cultured in osteogenic
medium.

Transmission electron microscopy

The cells cultured in the presence or absence of 5-Aza were
washed twice with PBS, fixed with PBS containing 2.5%
glutaraldehyde for 1h, and embedded in epoxy resin. Ultra-
thin sections were cut horizontally to the growing surface.
Sections were double-stained in uranylacetate and lead
citrate, and were viewed under a transmission electron
microscope.

Total RNA isolation and reverse transcription—
polymerase chain reaction

Total RNA was extracted with Trizol reagent (Invitrogen)
from untreated, 5-Aza-treated, and 5-Aza plus U0126-treated
hucMSCs as well as untreated and 5-Aza-treated HFLIs.
The cDNAs were synthesized by a reverse transcription kit

TABLE 1. PRIMER SEQUENCES OF TARGET GENES

Genes Primer sequence (5'-3) Amplicon size (bp) Annealing temp (°C)

desmin For: CCAACAAGAACAACGACG 408 60
Rev: TGGTATGGACCTCAGAACC

p-MHC For: GATCACCAACAACCCCTACG 528 60
Rev: ATGCAGAGCTGCTCAAAGC

cTnT For: AGGCGCTGATTGAGGCTCAC 416 58
Rev: ATAGATGCTCTGCCACAGC

Nkx2.5 For: GGAGAAGACAGAGGCGGACA 525 61
Rev: ACGCCGAAGTTCACGAAGTT

ANP For: ACGCAGACCTGATGGATTT 450 60
Rev: AGATGACACGAATGCAGCAG

o-SMA For: CTGACTGAGCGTGGCTATTC 452 58
Rev: CCACCGATCCAGACAGAGTA

FAP For: ATAGCAGTGGCTCCAGTCTC 278 59
Rev: GATAAGCCGTGGTTCTGGTC

GAPDH For: CGGATTTGGTCGTATTGG 445 60

Rev: TCAAAGGTGGAGGAGTGG
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according to the manufacturer’s instruction (Invitrogen).
GAPDH served as an internal control. The thermal profile for
polymerase chain reaction (PCR) was 94°C for 2min, fol-
lowed by 35 cycles of 30s at 94°C, with 30s annealing fol-
lowed by Imin extension at 72°C. Additional 10-min
incubation at 72°C was included after the last cycle. PCR
products were size-fractioned by electrophoresis on 1.5%
agarose gels. The 8 specific primers were designed as shown
in Table 1.

Immunohistochemistry

Untreated, 5-Aza-treated, and 5-Aza plus U0126-treated
hucMSCs were adhered to chamber slides and fixed with
methanol for 10 min at —20°C. After washing 3 times with
PBS, cells were incubated at 4°C. Diluted mouse polyclonal
primary antibodies against desmin (1:100) and cardiac tro-
ponin T (cTnT) (1:100) (Boster Bioengineering Company
Limited) were incubated with the cells for 1.5h at 37°C, and

incubated with a secondary antibody for 30 min. Slides were
visualized using diaminobenzidine (Boster Bioengineering
Company Limited) substrate and counterstaining with he-
matoxylin for microscopic examination.

Western blotting

Cells were harvested and lysed in RIPA buffer (10mM
Tris, pH 7.4, 150mM NaCl, 1mM EGTA, 0.1% SDS, 1mM
NaF, 1mM NazVO,, 1mM PMSF, 1ug/mL aprotinin, and
1pg/mL leupeptin). Protein concentration was determined
using the BCA assay kit (Pierce). Equal amounts of cell
lysates were loaded and separated on a 12% SDS-PAGE gel.
Proteins were transferred to polyvinylidene fluoride mem-
branes that were blocked with 5% milk for 1h. After incuba-
tion with the primary antibodies overnight at 4°C, membranes
were washed 3 times with tris-buffered saline with 0.05%
Tween-20 and challenged with HRP-conjugated goat anti-
rabbit, or goat anti-mouse antibodies (dilution 1:2,000),

FIG.1. Morphological changes in 5-Aza-treated hucMSCs. A: (a) Morphology of control hucMSCs. (b—d) Morphology of 5-
Aza-treated hucMSCs. (b) 24 h; (c) 6 days; and (d) 2 weeks after induction. Arrow bars show ball-like or stick-like cells; scale
bars: 100 pm. B: Transmission electron micrographs of (a) control hucMSCs (magnification: x 18,500); (b, ¢) hucMSCs after 2
weeks of 5-Aza induction (magnification: x 18,500, x46,000). 5-Aza, 5-azacytidine; hucMSC, human umbilical cord-derived

mesenchymal stem cell.
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followed by detection with an enhanced chemiluminescent
substrate (Millipore) and quantitated using a Molecular
Dynamics Densitometer (Sage Creation Science Company
Limited) with MD ImageQuant Software. Sources and dilu-
tion factors of primary antibodies were: mouse polyclonal
anti-pERK (1:1,000; Kang Cheng), anti-cTnT (1:100; Boster
Bioengineering Company Limited), rabbit polyclonal anti-
tERK (1:1,000; Kang Cheng), anti-myocyte enhancer-binding
factor (MEF)-2¢ (1:200; Sant Cruz), anti-protein kinase C
(PKC) and anti-signal transducers and activators of tran-
scription 3 (STAT3) (1:500, Bioworld), anti-myogenic differ-
entiation antigen (MyoD), anti-Nanog and anti-Sox2 (1:500,
SAB), and mouse monoclonal anti-GAPDH (1:1,000; Kang
Cheng).

Statistical analysis

Data were expressed as means+standard deviation (SD).
Statistical analysis was performed to analyze the density of
western blotting bands by Student’s ¢-test or analysis of var-
iance using Prism software (Graph Pad). Analysis of variance
was used to analyze variance among all groups, and Stu-
dent’s t-test was performed to compare experimental
and relative control groups. Statistical P values <0.05 were
considered significant.
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Results

5-Aza induces morphological changes and primitive
myofilaments formation in hucMSCs

After 5-7 days in primary culture, hucMSCs adhered to a
plastic surface, generating a small population of single cells
that were spindle-shaped. At 10 to 15 days after initial plating,
the cells resembled long, spindle-shaped fibroblasts and began
to form colonies. After replating, cells were polygonal or
spindly, with long processes. During exposure to 5-Aza, some
adherent cells died, and the surviving cells began to prolifer-
ate and differentiate. The morphology of the hucMSCs chan-
ged, with the remaining adherent cells enlarging and forming
a ball-like appearance, or lengthening in one direction and
forming a stick-like morphology (Fig. 1A). Transmission
electron microscopy photographs are shown in Fig. 1B. Two
weeks after induction, numerous primitive myofilaments
were evident in the cytoplasm of 5-Aza-treated cells.

5-Aza promotes cardiac-specific gene and protein
expression and inhibits stem cell-associated
protein expression

Total RNA from induced and noninduced cells was isolated
and analyzed by RT-PCR. No expression of cardiac-specific
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FIG. 2. 5-Aza-induced cardiac-specific genes and proteins in hucMSCs. A: Expression of desmin, f-MHC, Nkx2.5, cTnT, and
ANP genes were detected by RT-PCR in control and induced hucMSCs. (Lane 1, blank; Lane 2, human cardiomyocytes; Lane
3, control hucMSCs; Lane 4, hucMSCs treated with 5-Aza for 24 h, then cultured for 2 weeks) B: Immunohistochemical
staining for desmin and ¢TnT. (a) Control hucMSCs; (b) hucMSCs treated with 5-Aza for 24 h and cultured for 2 weeks after
removal of 5-Aza; scale bars: 100 pm. C: Expression of Sox2 and Nanog proteins in control versus induced hucMSCs by
western blotting. D: Density analysis of Western blotting bands. *P<0.05 and **P <0.01, compared to the relative control
group (n=3). p-MHC, B-myosin heavy chain; ANP, A-type natriuretic peptide; PCR, polymerase chain reaction.
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genes was detected in untreated hucMSCs, but 5-Aza treat-
ment strongly induced expression of Nkx2.5, one of the earliest
cardiac markers, and pf-myosin heavy chain (f-MHC), a con-
tractile protein, as well as the cardiomyocyte-related genes
cTnT and A-type natriuretic peptide (ANP). Desmin, an early
marker of myogenic differentiation, was barely detectable in
the control group but highly expressed in induced hucMSCs
(Fig. 2A). We confirmed the expression of cardiomyocyte-
related proteins by immunohistochemical staining. As shown
in Fig. 2B, hucMSCs consistently stained positively for desmin
and cTnT after 2 weeks of 5-Aza induction. We also found that
the expression of stem cell-associated proteins Sox2 and Nanog
time-dependently decreased with 5-Aza induction (Fig. 2C, D).
Collectively, these results indicated that hucMSCs underwent
cardiomyocyte differentiation in response to 5-Aza treatment.

Analysis of 5-Aza specificity

HFL1s were treated with 5-Aza under the same conditions
as above and the expression of mRNA was analyzed by RT-
PCR. Both untreated and treated HFL1s expressed fibroblast
markers such as o-smooth muscle actin and fibroblast acti-
vation protein (FAP), but negative for desmin, f-MHC, cTnT,
ANP, and Nkx2.5 (Fig. 3A). HucMSCs in osteogenic inductive
medium became NAP-positive, with the appearance of red
deposits in the cytoplasm after 2 weeks. In contrast,
hucMSCs and hucMSCs treated with 5-Aza did not form
osteoblasts (Fig. 3B).

5-Aza activates ERK phosphorylation in hucMSCs

To identify the signaling pathways involved in 5-Aza-
induced myogenesis in hucMSCs, we examined the status
of phosphorylated ERK and PKC after 5-Aza treatment.
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Western blotting revealed that 5-Aza induced time-dependent
ERK phosphorylation in hucMSCs (Fig. 4A). At 6 days after in-
duction, the level of phosphorylated ERK in 5-Aza-treated
hucMSCs was about 4-fold higher than in the control group (Fig.
4B). Further, at 6 days after induction, the level of MEF-2¢ protein
in induced hucMSCs also increased, and was 2-fold higher than
control hucMSCs. However, the level of phosphorylated PKC
showed no obvious change after 5-Aza treatment.

ERK inhibitor blocks 5-Aza-induced myogenic
differentiation of hucMSCs

To further investigate the impact of ERK activation on
5-Aza-induced cardiomyocyte differentiation of hucMSCs,
we blocked 5-Aza-induced phosphorylation of ERK in
hucMSCs with U0126, a specific ERK inhibitor. We found
that the 5-Aza-induced increase in ERK phosphorylation was
reduced in a dose-dependent manner when cells were trea-
ted with U0126 (Fig. 5A, B). Treatment with U0126 (10 pM)
strongly reversed the 5-Aza-induced expression of myogenic
and cardiac-specific genes including desmin, f-MHC, Nkx2.5,
cInT, and ANP (Fig. 5C). Immunohistochemical analysis
further revealed that the positivity of desmin and ¢InT was
substantially reduced after treatment with U0126 for 2 weeks
(Fig. 5D).

U0126 inhibits 5-Aza-induced STAT3 phosphorylation,
MEF-2c, and MyoD up-regulation

A time-course analysis was performed to determine ERK
activation and the expression of other myogenesis-related
proteins during U0126 treatment. The increased expression
of phosphorylated ERK and MEF-2c following 5-Aza treat-
ment was inhibited by U0126. Western blotting showed that

FIG. 3. Analysis of 5-Aza
specificity. A: Expression of
desmin, f-MHC, Nkx2.5, cTnT,
ANP, -SMA, and FAP genes
by RT-PCR in control versus
induced HFL1s (Lane 1,
blank; Lane 2, human cardi-
omyocytes; Lane 3, control
HFL1s; Lane 4, HFL1s treated
with 5-Aza). B: neutrophil
alkaline phosphatase expres-
sion at 2 weeks in untreated
hucMSCs, hucMSCs treated
with 5-Aza, and hucMSCs
cultured in osteogenic medi-
um; scale bars: 100pum.
HFL1s, human diploid lung
fibroblasts; cTnT, cardiac tro-
ponin T, a-SMA, o-smooth
muscle actin.
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FIG. 4. 5-Aza induced pro-
longed ERK phosphorylation
in hucMSCs. A: HucMSCs
were treated with 5-Aza for
24h and cultured for indi-
cated times (24 h, 3 days, and
6 days) and analyzed by
Western blotting for T-ERK,
P-ERK, MEF-2¢, T-PKC, and
P-PKC. B: Density analysis of
Western  blotting  bands.
"P<0.05 and “P<0.01, com-
pared to the relative control
group (n=3). PKC, protein
kinase C; ERK, extracellular
signal related kinases; MEF,
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FIG. 5. Blockade of ERK activation led to inhibition of 5-Aza-induced hucMSCs myogenesis. A: HucMSCs were treated
with 5-Aza in the presence or absence of indicated U0126 concentrations for 6 days. ERK phosphorylation was examined by
Western blotting. B: Density analysis of Western blotting bands (1 =2). C: HucMSCs were treated with U0126 (10 pM) for 2
weeks. The mRNA levels of desmin, f-MHC, ANP, Nkx2.5, and c¢TnT were determined by RT-PCR (Lane 1, blank; Lane 2,
human cardiomyocytes; Lane 3, control hucMSCs; Lane 4, hucMSCs treated with 5-Aza; Lane 5, huceMSCs treated with 5-Aza
and U0126). D: Immunohistochemical staining for desmin and c¢TnT. (a) Control hucMSCs; (b) hucMSCs treated with 5-Aza;

(c) hucMSCs treated with 5-Aza and U0126; scale bars: 100 pm.
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the level of phosphorylated STAT3 greatly increased at 6
days after 5-Aza treatment, and this increase was almost
completely abrogated by U0126 treatment. Similarly, the up-
regulation of MyoD and cInT following 5-Aza induction
were reversed by U0126 (Fig. 6A).

Discussion

MSCs are considered a promising therapeutic tool for
diseases that include heart failure, kidney injury, and my-
asthenia gravis. In recent years, human umbilical cord has
become an attractive source of MSCs for tissue regeneration
because they do not have ethical considerations [19,20]. Pa-
nepucci et al. compared the gene expression patterns of
hucMSCs and BMSCs, and found that a group of genes as-
sociated with osteogenesis was more expressed in BMSCs,
while hucMSCs had a higher expression of genes related to
matrix remodeling by promoting angiogenesis and metallo-
proteinases [21]. Work by Kadivar and colleagues suggests
that hucMSCs may be a better source of seed cells for car-
diomyocytes and more applicable in cellular cardiomyo-
plasty [22]. As a result, MSCs from different sources may
tend to differentiate into particular types of tissues that are
beneficial for specifically targeted therapies.

Reports on the effect of 5-Aza on stem cells have been
contradictory. First, Makino et al. reported that MSCs could
differentiate into cardiomyocytes [4]. Following this report,
several studies showed that after exposure to 5-Aza, BMSCs
could differentiate into cardiomyocytes [6,17]. However,

A 5-Aza

5-Aza treatment also failed to induce a cardiomyogenic
phenotype in MSCs in vitro [23]. In this study, we confirmed
that hucMSCs differentiate into cardiomyocytes in vitro in
response to 5-Aza treatment. Morphological results showed
spindle-shaped cells that gradually increased in size during
5-Aza induction. After 2 weeks in culture, primitive myofil-
aments were detected in cytoplasm under a transmission
electron microscope. The changes in morphology may be as-
sociated with expression of cytoskeleton-maintaining proteins
[4]. The myogenic cells that differentiated from hucMSCs in
our study had some morphological and ultrastructural simi-
larities with cardiomyocytes. Notably, the 5-Aza-induced cells
expressed myogenic and cardiac-specific genes including
desmin, i-MHC, Nkx2.5, cTnT, and ANP. Expression of des-
min and ¢InT proteins was also seen in the cytoplasm of
induced hucMSCs by immunohistochemical analysis. The
expression of stem cell-associated proteins Sox2 and Nanog
decreased in 5-Aza-induced cells. Previously, 5-Aza was
reported to cause phenotype changes in some cell types by
activating muscle gene expression [24]. Treatment with 5-
Aza also caused fibroblasts to convert phenotypically to
adipocytes and muscle cells [25]. Our results showed
that HFL1s that were treated with 5-Aza did not express
myogenic or cardiac-specific genes, but assays for markers
of fibroblasts, such as a-smooth muscle actin and FAP, were
positive. Osteogenic differentiation was not induced in
hucMSCs by 5-Aza. These differences in results might be be-
cause of the cell types, induction time, drug doses, or means
of administration.
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Although the activation of the PKC signaling pathway is
reported to be involved in myogenesis [26], we found no
significant change in total PKC or phosphorylated PKC in 5-
Aza-treated hucMSCs. This indicated that PKC activation
was not the major mechanism responsible for 5-Aza-induced
hucMSC differentiation into cardiomyocytes. Several previ-
ous studies found that ERK frequently showed a transient
increase or decrease, or in some cases, a sustained effect that
could last several days. The results depend on the stimuli, its
concentration, and cell type [27]. In our study, ERK phos-
phorylation was unchanged at 24h after 5-Aza induction,
but the level of ERK increased remarkably at 3 days after
induction and was sustained at a high level even 9 days after
induction. These results indicate that ERK phosphorylation
after 5-Aza treatment was not transient and could be in-
volved in the differentiation of hucMSCs to cardiomyocytes
in vitro.

The function of the ERK signaling pathway in myogenesis
is still controversial. Tortorella et al. reported that ERK ac-
tivation repressed transcription and blocked the activity of
muscle-specific genes, leading to enhanced myotube forma-
tion in C2C12 myoblast cells [28]. However, Kim et al.
demonstrated that HRG-b1 promoted the development of
cardiomyocytes by activation of ERK [16]. These differences
may result from the cell types and treatments used. Here, we
used U0126 to determine the specificity of the ERK signaling
pathway in mediating 5-Aza-induced myogenesis of
hucMSCs. We found that U0126 significantly inhibited ERK
phosphorylation and expression of cardiac-specific genes
and proteins induced by 5-Aza. This demonstrated that the
ERK pathway at least partially participates in 5-Aza-induced
myogenesis of hucMSCs. As a transcriptional factor, STAT3
plays a central role in the regulation of growth, differentia-
tion, and survival in many types of cells [29]. STAT3, which
is also regulated by ERK signaling pathway [30,31], was
chosen as another target to examine the effect of the ERK
pathway in 5-Aza-induced myogenesis. Recently, STAT3
was found to directly interact with MyoD to induce myo-
genic differentiation [32]. MyoD is known to regulate
myogenic differentiation and MEF-2¢, a member of the MEF2
family, is crucial for the activation of cardiac-specific em-
bryonic genes [33]. MEF2 directly interacts with members of
the MRFs (myogenic regulatory factor) (i.e., MyoD, Myf5,
and MRF4) to synergistically activate many muscle-specific
genes [34,35]. In our study, we found an increase in STAT3
phosphorylation, as well as up-regulation of MEF-2c and
MyoD induced by 5-Aza treatment, which was notably in-
hibited by U0126. Further studies are needed to understand
how 5-Aza activates ERK and the detailed interactions be-
tween its downstream targets (Fig. 5B).

In conclusion, our findings suggest that 5-Aza can induce
hucMSCs to differentiate into cardiomyocytes in vitro, and
that sustained ERK phosphorylation at least partially con-
tributes to this process. Our work provides a new source of
MSCs for cardiac tissue engineering and a potential mecha-
nism mediated by 5-Aza that induces cardiac differentiation
of MSCs.
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