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Abstract P53 is shown recently to play an important
role in the proliferation and differentiation of mes-
enchymal stem cells. In this study, human umbilical
cord derived mesenchymal stem cells (hUCMSCs)
were isolated and purified from the umbilical cords of
normal or cesarean term deliveries, after treatment
with 20 pmol/L. PFT-a for 24 h, hUCMSCs were
continued to be cultured for 4 weeks, cardiac-specific
protein expression of cTnl, Desmin and Nkx2.5 was
determined using immunofluorescence assay and RT-
PCR. The expression of p53 and p21 was detected by
western blot. Results showed that no expression of
c¢Tnl, Desmin or Nkx2.5 was observed in the control
and the PFT-o group at 1 week after induction.
However, after 4 weeks, while control group still
had little expression of cTnl, Desmin and Nkx2.5, the
PFT-a group demonstrated strong expression of cTnl,
Desmin and Nkx2.5 (P < 0.001). At 4 weeks after
induction, differentiation rate of cardiomyogenic cells
in the PFT-a group (36.98 %) was significantly higher
than that in the control group (4.41 %) (P < 0.01).
Western blot analysis show that downregulation of
p53 and p21 was seen in the PFT-o group at 4 weeks.
The difference compared with the control group was
statistically significant (P < 0.01). In conclusion,
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Introduction

At present, mesenchymal stem cells (MSCs) transplan-
tation has been suggested as a promising approach for the
treatment of cardiovascular disease (Cao et al. 2009).
MSCs for medical studies are primarily from bone
marrow. But bone marrow-derived MSCs (BMMSCs)
are easily contaminated by virus and this kind of cells
possess markedly decreased capacity for proliferation and
differentiation with donor’s aging and challenge a variety
of ethical and legal problems, so their application is
restrained (Méndez-Ferrer et al. 2010). Human umbilical
cord derived mesenchymal stem cells (hUCMSCs) have
properties of easy availability, abundance of source and
rich content. Accumulating evidence has demonstrated
that they can be differentiated into induced cells under
appropriate culture conditions (Delalat et al. 2009). Latest
research showed that p53 plays an important role in the
proliferation and differentiation of BMMSCs (Armesilla
et al. 2009). Blocking p53—p21 pathway can significantly
increase the differentiation rate of induced pluripotent
stem cells (IPS; Hong et al. 2009). However, few studies
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on the p53-p21 pathway underlying the process of
induction and differentiation of hUCMSCs into car-
diomyogenic cells are reported. This study aimed to
investigate the impacts on the differentiation of
hUCMSCs into cardiomyogenically-induced cells by
inhibiting the p53—p21 pathway with p53 inhibitor (p-
fifty three inhibitor-alpha, PFT-or).

Materials and methods
Materials

DMEM/F12 medium (GIBCO, NVF0274, Carlsbad,
CA, USA), fetal bovine serum (Excell, 10057, Shang-
hai, China), collagenase II (Invitrogen, California,
USA), trypase (Shanghai Seebio Biotech. Inc., Shang-
hai, China), anti-cTnl antibody (Beijing Boaosen
Biological Technology Limited Company, bs-0799R,
Beijing, China), Nkx2.5 antibody (Beijing Boaosen
Biological Technology Limited Company, bs-0799R),
normal goat working serum (SIG-31170, Shanghai,
China), Desmin antibody (Beijing Boaosen Biological
Technology Limited Company, bs-0799R), P53/P21
antibody (Thermo Fisher Scientific, Waltham, MA,
USA), mouse anti-human CD44, CD90, CD10, CD34,
CD45, HLA-DR antibody (BD Biosciences Company,
Franklin Lakes, NJ, USA), flow cytometer (BD
Biosciences Company), inverted optical microscope
(Olympus, Tokyo, Japan), TRIZol reagent, ReverTra
Ace qPCR RT Kit box; general PCR box, SYBR Green
Realtime PCR Master Mix box (all from Beijing
Boaosen Biological Technology Limited Company),
protease inhibitor Cocktail (Sigma-Aldrich P8340,
USA), biotinylated goat anti-mouse IgG (Vector labs
BA-9200, USA), ECL kit (K820-500, Biovision,
USA).

Methods
Isolation and culture of hUCMSCs

Umbilical cords were obtained after normal or
cesarean term deliveries from three healthy infants at
Taizhou People’s Hospital in September 2013 with
informed written consent from the mothers and their
family members. The umbilical cords were cannulated
and washed three times with PBS to remove blood
clots. Then the umbilical cords were cut into 2-3 cm
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pieces and opened with a scalpel. The Wharton’s Jelly
was scratched out and the vessels were removed.
Thereafter, the Wharton’s Jelly was incubated in
collagenase II/DMEM solution for 24 h. After cen-
trifugation for 10 min, the cell pellet was resuspended
and incubated in trypsin at 37 °C for 30 min. Finally,
the cell pellet was resuspended with the DMEM/F12
medium containing 10 % FBS and cells were seeded
in a T75 culture flask.

Surface markers of hUCMSCs detected by flow
cytometry

Following the third passage, the cells were washed
twice with PBS, digested with 1:1 mixture of trypsine
(2.5 g/L) and EDTA (0.2 g/L), suspension of
1 x 10" L™ single cells was obtained by washing
with PBS containing bovine serum albumin (20 g/L).
Each Eppendorf tube was supplemented with 100 pL.
cell suspension. Twenty pL of anti-human fluorescent-
marked-antibodies of CD44, CD90, CD105, CD34,
CD45 and HLA-DR were added, the control group
was also treated with the same type of IgG. The cells
were incubated for 30 min at 4 °C in dark, washed
twice with PBS, then each Eppendof tube was added
with 200 pL paraformaldehyde (10 g/L), and flow
cytometry was used to detect the surface markers of
hUCMSCs.

Cell induction

Following the third passage, the cells were washed
twice with PBS, adjusted to a density of 2 x 10%mL,
and then seeded in a 24-well plate. After 24 h,
20 umol/L PFT-a was added (for the control group,
only vehicle was added containing no PFT-a), and
further incubated for 24 h. Then the culture medium
containing PFT-a was removed and it means the
DMEM/F12 medium containing 10 % FBS was
added. The cells were maintained in culture for
4 weeks after the treatment.

Immunofluorescence staining

After induction for 4 weeks, the third passage of
hUCMSCs at a density of 1 x 10*%mL in different
treatment groups were seeded on glass slides and
allowed to adhere overnight. On the following day the
cells were washed in PBS and fixed for 15 min with
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4 9% paraformaldehyde. None-specific binding was
avoided by normal goat working serum (SIG-31170,
Shanghai, China). Then the cells were incubated for
2-3 hat 37 °C with cTnl, Desmin or Nkx2.5 antibody.
After washing with PBS, cells were incubated with
biotinylated goat anti-mouse IgG as secondary anti-
body at 37 °C for 1 h, and washed three times with
PBS. Finally, Hoechest 33342 (0.5 1 g/mL) was added
to 140 pL/well and incubated for 30 min at room
temperature in the dark. The cells were examined by
fluorescence microscope.

Detection of cTnl, Desmin and Nkx2.5 expression
by RT-PCR

Total RNA was extracted using TriZol (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s
instructions. 5 uL. RNA was used for reverse tran-
scription. Detection of the amplified cDNA was
performed using Cycler IQ with GAPDH as the
reference gene. The fold-change between the induced
group and the control group for target genes was
calculated with the 272" method as described
previously (Wu et al. 2008). Primers used for RT-
PCR are listed in Table 1.

Calculation of cardiomyogenic cells differentiation
rate

Following immunocytochemical staining, six fields of
view were randomly selected from each well, number
of cTnl-positive cells in each field of view was
quantified using fluorescence microscope (200x).
Cardiomyogenic cells differentiation rate of
hUCMSCs was calculated.

Western blot assay

hUCMSCs in different groups were collected and
lysed in RIPA buffer (50 mM Tris HCI pH 6.8, 1 %
Triton x 100, 0.5 % Sodium deoxycholate, 150 mM
NaCl, and 5 mM EDTA and protease inhibitor
(Sigma-Aldrich P8340)). Total RNA was extracted
from the lysate using TriZol (Invitrogen) following the
manufacturer’s instructions. 5 pL. RNA was loaded to
a 12 % SDS-PAGE and transferred to PVDF mem-
brane. Next, the membrane was incubated with p53, or
p21 antibody for 2 h at room temperature. The
membrane was washed with TBS/T for three times
(8 min each time), then incubated with biotinylated
goat anti-mouse IgG (Vector laboratories, BA-9200,
Burlingame, CA, USA) as secondary antibody for 1 h
at room temperature. The membrane was developed
using ECL kit (K820-500, BioVision, Milpitas, CA,
USA) and exposed to X-ray film.

Statistical analysis

Data were expressed as mean + standard deviation of
the mean and analyzed using paired Student 7 test,
P < 0.05 was considered statistically significant.
Results

The results of flow cytometry analysis

Flow cytometry analysis revealed that CD44, CD90
and CD105 were highly expressed on the surface of

the third passage of hUCMSCs, but they were negative
for CD34, CD45 and HLA-DR (Fig. 1).

Table 1 Primer sequences

; i PCR Gene Primer sequences Fragment (bp)
or real-time
GAPDH-F 5-GAAGGTGAAGGTCGGAGTC-3’ 135
GAPDH-R 5'-GAAGATGGTGATGGGATTTC-3’
c¢Tnl-F 5'-ACAGAGCGGAAAAGTGGGAAG-3’ 230
c¢Tnl-R 5-TCGTTGATCCTG TTTCGG AGA-3'
Desmin-F 5-ACCGCTTCGCCAACTACATC-3' 727
Desmin-R 5-TCACTGGCAAATCGGTCCTC-3'
Nkx-2.5-F 5-CCCCTGGATTTTGCATTCAC-3' 75
Nkx-2.5-R 5-CGTGCGCAAGAACAAACG-3’
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Fig. 1 Assessment of the expression of cell surface markers in hUCMSCs at P3 using flow cytometric analysing

Immunofluorescence assay for cardiac-specific
protein expression

hUCMSCs of passage three were induced for 24 h,
followed by normal culture condition for 4 weeks.
Cardiac-specific protein expression, cTnl, Desmin and
Nkx2.5 was determined using an immunofluorescence
assay to identify the induced cells. Results showed
that, at 1 week after induction, no expression of cTnl,
Desmin or Nkx2.5 was observed in the control and the
PFT-o group. However, after 4 weeks, while the
control group still had little expression of cTnl,
Desmin and Nkx2.5, the PFT-a group demonstrated
strong expression of cTnl, Desmin and Nkx2.5
(Figs. 2, 3). RT-PCR analysis showed that the level
of cTnl, Desmin and Nkx2.5 expression was higher in
the PFT-o group compared with the control group
(P < 0.001; Table 2).
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Cardiomyogenic cells differentiation rate
of hUCMSC:s in different groups

Flow cytometry was employed to determine the
differentiation rate of cardiomyogenic cells in the
different groups. At 4 weeks after induction, differ-
entiation rate of cardiomyogenic cells in the PFT-o
group (36.98 %) was significant higher than in the
control group (4.41 %; P < 0.01; Fig. 4).

Expression of p53 and p21 in the different groups
of hUCMSCs

Western blot analysis showed that downregulation of
p53 and p21 was seen in the PFT-o group at 4 weeks
after treatment. The difference compared with the
control group was statistically significant (P < 0.01;
Figs. 5, 6).
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Fig. 2 cTnl, Desmin and Nkx2.5 expression in the PFT-o
group 4 weeks after induction assayed by the immunofluores-
cence method (x400). A, C, E, the cell morphology before
immunofluorescence staining of cTnl, Desmin and Nkx2.5,

Discussion

MSCs are stem cells that possess capacity for self-
renewal and multi-directional differentiation. Recent
evidences have suggested that MSCs can differentiate
into cardiomyogenically-induced cells in vivo or
in vitro and MSCs transplantation is a promising
treatment modality to improve heart function in acute
myocardial infarction (Janssens et al. 2006; Wollert
et al. 2004; Turan et al. 2011). MSCs can be isolated

10 um
Fm—

respectively. B, D, F, the immunofluorescence staining of cTnl,
Desmin and Nkx2.5, respectively. Red indicates positive
staining. (Color figure online)

from different tissues. Among them, BMMSCs were
the first described and are the most frequently used.
However, BMMSC:s are easily contaminated by virus
and possess markedly decreased capacity for prolifer-
ation and differentiation with donor’s aging. At the
same time, the requirement of invasive methods to
obtain BMMSC:s and the challenge of ethical and legal
problems also restrained their application. Therefore,
they hold potential to become the donor source of
myocardial cells for cell therapy in clinical treatment
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Fig. 3 cTnl, Desmin and Nkx2.5 expression in the control group
4 weeks after induction assayed by the immunofluorescence method
(x400). A, C, E, the cell morphology before immunofluorescence

Table 2 Expression of c¢Tnl, Desmin and Nkx2.5 in
hUCMSCs at 4 weeks after induction

Group cTnT Desmin Nkx2.5

Control 0.07 £0.01 033 4+0.12 0.19 £ 0.06
group

PFT-o group 823 £ 1.21 1526 £0.93 12.86 +2.49

t value 16.52 23.82 12.47

P value <0.001 <0.001 <0.001

of myocardial infarction, and provide an optimal
replacement of BMMSC:s for clinical use and become
the hotspot in the fields of biology medicine.
Umbilical cord is promising to serve as the first
choice for harvesting MSCs owing to its wide source
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staining of cTnl, Desmin and Nkx2.5, respectively. B, D, F, the
absence of expression of cTnl, Desmin and Nkx2.5, respectively, by
immunofluorescence. (Color figure online)
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Fig. 4 Differentiation rate of myocardial cells at 4 weeks after
induction compared with the control group, **P < 0.01
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Fig. 5 p53, p21 expression in different groups detected with
Western blot assay at 4 weeks after induction
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Fig. 6 Expression of p53, p21 of hUCMSC:s in different groups
detected with Western blot assay at 4 weeks after induction.
*P < 0.01, compared with control group. (Color figure online)

and no ethical concerns. Compared with BMMSCs,
hUCMSCs are easier to isolate and expand, which
makes it become a novel source of adult MSCs. More
and more studies show that hUCMSCs may play an
important role in applications and experimental
research of adult MSCs.

In this study, we used collagenase and harvested a
large number of adherent cells within a short time
period. Results showed that, after thawing, these cells
maintain high cell viability, and can be cultured for
long time to obstain more passages of hUCMSCs.
Flow cytometry results demonstrated that hUCMSCs
harvested in this study could maintain their pheno-
types after long-term in vitro proliferation, and
passage 3 cells were positive for CD44, CD90 and
CD105, but were negative for CD34, CD45 and HLA-
DR, which is consistent with a previous report
(Chabannes et al. 2007).

To identify whether hUCMSCs can be induced to
differentiate into cardiomyogenic cells, the present
study detected the expression of c¢Tnl, Desmin and
Nkx2.5 in induced cells. ¢Tnl is highly specific for
the heart, therefore, cTnl is a highly specific protein
for identifying cardiomyocyte (Pereira et al. 2008).
Desmin is expressed in the early stage of cardiogen-
esis and the main muscle intermediate filament
protein. It is highly expressed in cardiomyocyte
(2 %) (Taylor et al. 2007). Nkx2.5 is a key
transcription factor in myocardial development.
Nkx2.5 activation represents triggering of myocardial
differentiation. It is expressed in the early stage of
myocardial differentiation (Gandia et al. 2009). In
this study, the expression of cTnl, Desmin and
Nkx2.5 was determined using immunofluorescence
assay. Results showed that there was no expression
of ¢cTnl, Desmin or Nkx2.5 in the control and the
PFT-o group after 1 week of induction. However,
after 4 weeks, while the control group still had little
expression of cTnl, Desmin and Nkx2.5, the PFT-a
group demonstrated strong expression of cTnl,
Desmin and Nkx2.5. The level of c¢Tnl, Desmin
and Nkx2.5 expression was higher in the PFT-o
group compared with control group. The above
results indicated that PFT-o plays a role in inducing
hUCMSCs differentiation into cardiomyogenic cells.

As the best known tumor suppressor, p53 is a
transcription factor with sequence-specific DNA-
binding activity that plays an important role in
regulating cell cycle progression and cellular growth,
which is involved in cell cycle regulation, DNA
damage repair, apoptosis, and inhibition of tumor
proliferation (Armesilla et al. 2009; Hong et al. 2009).
Much of the function of p53 derives from its role as a
transcription factor capable of turning on the expres-
sion of cell cycle regulatory proteins such as p2l
(Wafl1/Cipl) and apoptosis-promoting proteins such
as bax. Evidence from chromatin immunoprecipita-
tion studies suggests that the transactivating activity of
p53 may control the expression of more than a hundred
different genes (Gary and Jensen 2005). P53 protein
can induce and activate downstream p21 protein and
pS3—p21 pathway has been shown to play a role in the
modulation of the differentiation and proliferation of
stem cells (Hong et al. 2009; Inoue et al. 2013). The
mitogen-activated protein kinase (MAPK)/extracellu-
lar related kinase (ERK) signaling pathway is involved
in activating the early stage of the differentiation of
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bone marrow-derived mesenchymal stem cells into
osteoblasts, signal transduction of p38 is another
important pathway in osteoblast differentiation and
stimulated by the bone morphogenetic protein (BMP)
family (Nishikawa et al. 2014). As a downstream
target, pS3 protein is phosphorylated and activated by
a number of protein kinases in response to stressful
stimuli. As an upstream activator, activated p53 acts as
transcription factor to induce and/or suppress a
number of genes whose expression leads to the
activation of diverse signaling pathways. It has
become clear that p53 protein can functionally interact
with the MAPK pathways, including the stress-
activated protein kinase [SAPK/c-Jun N-terminal
protein kinase (JNK)], the p38 MAPK, and the
extracellular signal related kinase (ERK) (Gen
2004). As a small molecule inhibitor of p53 activity,
PFT-a is a reversible inhibitor of p53-mediated
apoptosis, p53-dependent gene transcription, as well
as down stream responsive gene function, it inhibits
p53 apoptotic signaling by interfering with its nuclear
translocation and transcriptional activation of p53
inducible genes. PFT-a is considered a useful tool to
characterize p53-mediated events in a variety of cell
types with various apoptosis-inducing agents (Walton
et al. 2005; Misra and Pizzo 2010). Begum et al (2002)
reported that PFT-a did not show significant differ-
ence in protecting HepG2 cells against cadmium or
arsenic, in contrast, there was significant difference in
the protection of rat liver cells upon exposure to
arsenic or cadmium, which indicated that PFT-o
exhibits protection to normal cells and can play an
important role in cancer chemotherapy.

In this study, by inhibiting p53—p21 pathway with
the p53 inhibitor PFT-a, the differentiation rate of
cardiomyogenic cells in the PFT-a group was signif-
icantly higher than that in the control group. Western
blot analysis confirmed that PFT-a led to a downreg-
ulation of p53 and p21 expression. However, the
underlying mechanisms by which p53—-p21 pathway
inhibition promotes hUCMSCs differentiation need
further studies in the future.

In summary, our study was the first to show that
PFT-a could significantly promote hUCMSCs prolif-
eration, and induce hUCMSCs to differentiate into
cardiomyogenic cells. PFT-o may promote the process
through modulating p53—p21 pathway for directed
differentiation of hUCMSCs into cardiomyogenic
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cells, which will be valuable for cardiovascular
regenerative medicine.
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