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Abstract Adipose tissue-derived stromal cells (ADSCs)
can differentiate into cardiomyocytes, which provide a
source of new cardiomyocyte progenitors for tissue engi-
neering. Here, we showed that ADSCs isolated from sub-
cutaneous adipose tissues of mouse were largely negative
for CD31, CD34, but positive for CD105. About 1.62%
cells in these cells can spontaneously differentiate into
cardiac-like cells (cells expressing cardiac marker proteins)
when cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented only with penicillin, streptomycin,
and 20% newborn bovine serum (NBS), expressed cardiac
markers such as MF20, Connexin45, cMHC, cTnT, a-actin,
Nkx2.5, and GATA4, and part of these cells (account for
about 0.47% of inoculated cells) showed spontaneous
contractions accompanied by transient Ca>" activity in
culture. In vitro, although over-expression of Nkx2.5 and/or
cardiac o-actin increased the number of cardiac-like cells
expressing cardiac-specific proteins, but while inhibited the
contraction function of ADSCs-derived cardiomyocytes.
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Introduction

Myocardial infarction caused by myocardial necrosis seri-
ously damages human health—for instance, by irreversibly
leading to heart failure. In recent years, efforts have been
focused on developing therapies that allow replacement of
damaged cardiomyocytes. Candidate cells include embry-
onic stem cells [1], cardiogenic progenitor cells [2], bone
marrow stem cells (BMSCs) [3], cardiac side population
cells [4], and induced pluripotent stem (iPS) cells [5],
which are known to differentiate into cardiac myocytes in
vivo and/or in vitro. Because there are strong objections to
using human embryonic stem cells in both research and
therapy, an increasing amount of attention has been
focused on adult stem cells. These can be isolated from
important organs such as skeletal muscle, skin, brain, liver,
and bone marrow, but the process is expensive for patients
and accompanied by the risk of donor site morbidity [6].
Because adipose tissue is easier to sample and associated
with fewer ethical questions [7], it appears to be a better
source of stem cells.

Multi-potential adipose tissue-derived stromal cells
(ADSCs) can differentiate into a variety of cell types,
including adipocytes, skeletal muscle cells, cardiac cells,
smooth muscle cells, nerve cells, cartilage cells, and oste-
oblasts [6—13]. ADSCs are known to have a close rela-
tionship with cardiovascular cells, and can differentiate
into beating cardiomyocytes; however, this process
requires specific culture conditions. For example, 5-aza-
cytidine treatment [14] or culturing in semisolid methyl-
cellulose medium (MethoCult GF M3534, main recipes
are rh-Insulin, 2-Mercaptoethanol, rm-Stem Cell Factor,
rm-IL-3, rh-IL-6, etc.) [10] have been shown to result in the
differentiation of rabbit and mouse ADSCs, respectively,
into beating cardiomyocytes. Human ADSCs have also
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been shown to differentiate into beating cardiomyocytes
when co-cultured with beating cardiomyocytes [15]. Worth
attention, mouse dedifferentiated fat (DFAT) cells can
spontaneously differentiate into beating cardiomyocytes
when cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented only with 20% FBS, penicillin,
and streptomycin without adding any other factors [16].
The pluripotency of DFAT cells has been confirmed [17,
18], but appears to be lower than that of ADSCs. Thus, it
seems likely that ADSCs can spontaneously differentiate
into beating cardiomyocytes under the same simple culture
conditions, although this possibility has not yet been
investigated.

Nkx2.5/Csx (cardiac-specific homeobox) is one of the
earliest essential transcription factors regulating cardio-
myocyte differentiation, cardiovascular formation/cycliza-
tion, and ion channels activation involved in cardiac
conduction and contraction [19]. In a previous experiment,
the forced expression of cardiomyocyte-specific transcrip-
tion factors such as Csx/Nkx2.5 and GATA4 destined bone
marrow-derived stromal cells to a cardiomyocytic lineage
[20]. In addition, being predominantly expressed through-
out heart development [21], cardiac «-actin is a target of
Nkx2.5 [22] and the major contractile protein. Although
these transcription factors and cytoskeletal proteins are
critical for the cardiac differentiation program, their effects
on elevating the ratio of cardiac differentiation of adult
stem cells are still not sure.

In present study, we firstly found that primary mouse
ADSCs could spontaneously differentiated into beating
cardiomyocytes in basic culture medium, without adding
any other factors and cardiac differentiation inducers. The
changes of cell morphology, expression of cardiac marker
proteins and Ca®" ion channel were also analyzed before
and after the formation of ADSCs derived cardiomyocytes.
Furthermore, we examined the effects of Nkx2.5 and car-
diac a-actin over-expression on ADSCs’ cardiac differen-
tiation. Taken together, our results showed the presence of
cardiac progenitor cells in ADSCs, which could differen-
tiate into beating cardiomyocytes in our mentioned culture
condition. Although over expression of Nkx2.5 and cardiac
o-actin could elevate the cardiac marker proteins expres-
sion, inhibited the contraction ability of ADSCs-derived
cardiomyocytes.

Materials and methods
Isolation and culture of ADSCs
Cells were isolated from stromal vascular fraction (SVF)

using previously described methods [15, 23] with slight
modifications. Briefly, when C57BL/6 mice (Fourth
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Military Medical University, China) were 6-8 weeks old,
adipose tissue was removed from their inguinal subcuta-
neous fat depots under sterile conditions. The isolated tis-
sue was minced into 1-mm? pieces and digested with 0.1%
collagenase type I [1 mg/ml collagenase type I (Invitrogen,
Carlsbad, CA, USA) and 20 mg/ml BSA] for 60 min at
37°C, then filtered through 30-um nylon mesh. After cen-
trifugation at 1,500 rpm for 7 min, precipitates were trea-
ted with red cell lysis buffer (154 mmol/l NH,CI,
10 mmol/l KHCOs;, and 0.1 mmol/l EDTA) for 10 min at
room temperature, precipitated by centrifugation at
1,500 rpm for 7 min, resuspended in phosphate buffered
saline buffer (PBS), and reprecipitated by centrifugation at
1,500 rpm for 7 min. Finally, the pellets were resuspended
in DMEM (Invitrogen) supplemented with 20% newborn
bovine serum (NBS; Sijiqing, Hangzhou, China), 50 U/ml
penicillin (GIBCO/BRL, Carlsbad, CA, USA), and 50
U/ml streptomycin (GIBCO/BRL). Cells were plated (Day
0) at a density of 1 x 10*%cm? in 35-mm dishes (Corning
Inc., NY, USA) and maintained at 37°C in a 5% CO,
humidified atmosphere. After 24 h, nonadherent cells were
removed, and the plastic adherent cells were named
ADSCs [24] (Day 1), the medium were changed every 2
days, and the cells used in this study were not passaged. All
procedures were approved by the Institutional Animal Care
and Use Committee of Northwest A&F University.

Construction of recombinant adenovirus expression
vectors and ADSCs infection

Nkx2.5 and cardiac a-actin CDS sequences were cloned
from the heart tissue of 8-week-old C57BL/6 mice.
Recombination and propagation of adenovirus expressing
Nkx2.5 or cardiac o-actin were performed as previously
described [25]. Briefly, ORFs were cloned into a pAd-
Track-CMV shuttle vector between the HindIIl (Takara
Biotechnology Inc., Dalian, China) and Xbal (Takara)
sites. pAdEasy-1 was used to perform homologous
recombination in Escherichia coli BJ5183 component
cells, after which recombined plasmids were identified
using PCR and restriction endonuclease Pacl (New Eng-
land Biolabs, Inc., Beverly, MA, USA), and the results of
sequencing show the sequences are right (Beijing Sunbio-
tech Co., Ltd. China). To produce the adenovirus, the
identified plasmids were linearized with Pacl and trans-
fected into a HEK293 cells with liposome 2000 (Invitro-
gen). The propagation procedure was repeated three times,
then the virus was collected for identification and titer
determination. The titer was estimated with the Kérber
formula, and the final titrations were 9 x 10® PFU/ml
(Ad-Nkx2.5) and 6 x 10® PFU/ml (Ad-cardiac a-actin).
To explore the effects of Nkx2.5 and cardiac «-actin on
spontaneous differentiation of ADSCs into cardiomyocytes,
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we infected ADSCs (confluence: 80-90%) with Ad-Nkx2.5
(5 W/35-mm dish), Ad-cardiac a-actin (5 pW/35-mm dish),
or both viruses simultaneously [(5 pl Ad-Nkx2.5 and 5 pl
Ad-cardiac a-actin)/35 mm dish]. Uninfected cells and Ad-
GFP-infected cells were used as controls.

Gene expression analysis

Total RNA was extracted using RNAiso plus reagent
(Takara). 500 ng of total RNA was processed into single
strand cDNA using reverse transcription kits (Takara) with
random primers. Primers used for each of the genes studied
listed below. f-actin sense: GGCTGTATTCCCCTCCA
TCG and CCAGTTGGTAACAATGCCATGT (154 bp,
NM_007393.2), Nkx2.5 sense: GACAAAGCCGAGACG
GATGG and CTGTCGCTTGCACTTGTAGC (222 bp,
NM_008700.2), cardiac a-actin sense: CTGGATTCTGGC
GATGGTGTA and CGGACAATTTCACGTTCAGCA
(173 bp, NM_009608.2). Real-time PCR reactions were
performed in triplicate using the SYBR green kit (Takara)
with a Bio-rad iQ "5 system. The 2~ 2T method was used
to analyze the relative expression of each gene. Briefly,
equivalent amount of cDNA template was used for tran-
scripts amplification and processed in triplicate. Average
CT values were calculated and the ACT values were cal-
culated by subtracting the f-actin average CT value for
each sample. Subsequently, AACT values were calculated
by subtracting the average ACT values of the control
group. The final fold differences were calculated as Q—AACT
for each gene among treatments. These measurements were
repeated three times.

Western blot analysis

Whole proteins were extracted from cultured cells with
RIPA buffer (Pierce, Rockford, IL, USA) supplemented
with a protease inhibitor (Halt Protease Inhibitor Cocktail
Kit, Pierce). Equivalent amounts (30 pg) of protein were
subjected to electrophoresis, then electro-transferred onto
polyvinylidene difluoride (PVDF) membranes. The mem-
branes were blocked with 5% skim milk in TBST (Tris
Buffered Saline and 0.1% Tween 20) for 2 h at room
temperature, then incubated at 4°C overnight with primary
antibodies, including rabbit anti-Nkx2.5 (Santa Cruz, CA,
USA), rabbit anti-cardiac «-actin (Bister, Wuhan, China),
mouse anti-f-actin was used as an internal control. The
membranes were then incubated with HRP-conjugated
rabbit anti-goat and goat anti-mouse secondary antibodies
(Santa Cruz) for 2 h at room temperature. All antibodies
were used according to the manufacturers’ recommenda-
tions. Signals were detected using a chemiluminescent
ECL western blot detection system (Millipore Corp.,
Bedford, MA, USA). Quantity one 4.6.3 imaging software

was used for densitometric analysis of the expressed pro-
tein bands.

Flow cytometry

At day 4, the first beating cells were detected, we detected
the surface antigens and cardiac markers by flow cytometry
respectively. The cells were digested with 0.25% trypsin,
fixed with 4% paraformaldehyde, permeabilized with 0.1%
Triton X-100, and incubated for 1 h at 4°C with anti-CD31
(Bister, Wuhan, China), anti-CD34 (Bister, Wuhan, China),
anti-CD105 (Bister, Wuhan, China), anti-DHPR (1:50,
Santa Cruz), anti-RYR; (ryanodine receptor; 1:50, Chem-
icon International, London, UK), anti-cMHC (1:100, Bio-
synthesis, Wuhan, China), anti-cTnl (1:100, Biosynthesis),
and anti-Connexin45 (1:100, Bister) specific primary
antibodies. The cells were then incubated with RBITC
(Rhodamine B isothiocyanate; Biosynthesis, Whan) and
phycoerythrin/PE (Proteintech, Chicago, IL, USA) conju-
gated secondary antibodies for 1 h at 4°C. Finally, cells
were washed with PBS and resuspended in 4% parafor-
maldehyde for flow cytometry. The negative control tubes
were not incubated with primary antibody but with fluo-
rescently-labeled second antibody. Data were analyzed by
the FlowJo and DiVa package.

Ca”" imaging

Free intracellular Ca®" imaging recordings were obtained
from cells loaded with fluo-3 AM (5 umol/l; Beyotime,
Guangzhou, China), a fluorescent Ca®" indicator. Cells
were incubated with fluo-3 AM at 37°C for 30 min, then
washed with standard Tyrode’s buffer and incubated with
DMEM at 37°C for 10 min. Video images were made by a
digital camera (Canon G10, Canon, Tokyo, Japan) through
a fluorescent microscope with a Nikon TE 2000 micro-
scope (Nikon, Tokyo, Japan).

Immunofluorescence/immunohistochemistry

For immunocytochemical analyses, cells grown in culture
dishes were washed with PBS, fixed with 4% paraformal-
dehyde, permeabilized with 0.1% Triton X-100, blocked
with 10% goat serum and 5% BSA in PBS, and incubated
overnight at 4°C with anti-DHPR (1:50), anti-RYR; (1:50),
anti-MHC (1:50), anti-cTnl (1:100), anti-MF20 (1:100),
anti-Connexin45 (1:100), anti-Nkx2.5 (1:50), anti-cardiac
a-actin (1:100), anti-MyoD (1:50; Santa Cruz), and anti-
o-smooth muscle actin (1:100; Bister). At room tempera-
ture, cells were washed three times with PBS, incubated for
60 min with Cy3 or FITC-conjugated secondary antibod-
ies, washed three times with PBS, and stained for 5 min
with Hoechst 33342 (0.5 pg/ml, Sigma, St. Louis, MO,
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Fig. 1 Expression of surface antigens in ADSCs and morphological
changes observed in ADSCs-derived cardiomyocytes. A Expression
analysis of cell surface antigens in ADSCs. ADSCs were harvested
primary dissociated, stained with FITC-conjugated antibodies to
CD31, CD34, or CD105. Results showed that ADSCs did not express
CD31 and CD34, but 51.52 £ 3.11% cells showed CD105 positive in
ADSCs. B Morphological changes observed in ADSC-derived

USA). Finally, the cells were again washed three times
with PBS. Images were visualized and obtained by a Nikon
TE 2000 microscope.

For immunohistochemistry, tissues were first incubated
with primary antibodies, and then with biotin goat anti-
mouse IgG or goat anti-rabbit IgG (1:200; Bister) sec-
ondary antibodies. Color development was performed
using a liquid DAB substrate kit (Bister). Nuclei were
stained with hematoxylin. Immunostained tissues that had
not been incubated with primary antibodies were used to
rule out non-specific binding. Paraffin-embedded sections
of rat myocardium were used as staining positive controls
of cMHC, cTnl and Connexin4d5, rat skeletal muscle was
used as staining positive control of MyoD, rabbit bladder
sections were used as staining positive control of a-SMA.

Counting

Cells grown in culture dishes were stained with Hoechst
33342. The total number of nuclei in growing areas was
estimated by arbitrarily selecting six 2.75 mm? squares of
culture dish in which to count the number of cells under
fluorescent lighting; these values were then extrapolated to
the total growth area. Additionally, beating cardiomyocytes
were counted under a phase contrast microscope. Each
round of counting was performed in triplicate by three
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cardiomyocytes. Freshly isolated SVF cells were plated in DMEM
supplemented with 20% NBS. The adherent cells are mainly
fibroblast-like cells (Day 4, a). Shortly afterward, spindle cells
developed (Day 5, b). These rapidly developed into spherical cells,
rod-shaped cells, and long myotubes, some of which began beating
(Day 7, ¢). Scale bars measure 100 pm

different individuals. Data are shown as means £ SE of
four randomly selected dishes from three separate
experiments.

Cultured cells were observed through an inverted-type
phase-contrast video microscope (Nikon), and recorded by
a Sony camera (Sony Corporation, Tokyo, Japan).

Statistical analysis

All experiments were performed at least three times. Main
and interactive effects were analyzed by one-way ANO-
VAs using SPSS version 16.0 software (SPSS, Inc., Chi-
cago, IL, USA). Significance was defined as P < 0.05.

Results
Morphology analysis

Nonadherent cells were discarded 24 h after plating. The
remaining adherent cells (ADSCs) mainly showed fibro-
blast-like morphology (from Day 1 onwards). We exam-
ined the expression of cell surface antigens of ADSCs by
flow cytometry. The ADSCs were largely negative for
CD31, CD34, but positive for CD105 (51.52 + 3.11%)



Mol Biol Rep (2012) 39:2585-2595

2589

Fig. 2 Immunofluorescence analysis of muscle-specific proteins in
ADSC-derived colonies. Four days after the cells began beating, they
were double-stained for MF20 (red, A) and Connexind5 (green, A),
c¢cMHC (red, B) and cTnl (green, B), and a-actin (red, C) and Nkx2.5

(Fig. 1A). Various cell morphologies emerged between day
5 and 7, including clones of rounded cells, groups of small
tube cells, fibroblast-like preadipocytes, and differentiated
adipocytes with small lipid droplets. Myotube-like struc-
tures appeared during day 8-9, surrounded by some roun-
ded cells. Some of the myotube-like structures and their
associated rounded cells began to spontaneously contract
(Fig. 1B and Supplemental Video 1). The number of
myotube-like structures and beating cells increased slightly
over the next 2-3 days. However, no synchronous con-
tractions were observed, and cells gradually stopped beat-
ing between day 15 and 20.

When cells started to beat on the day 11 after ADSCs
inoculation, we counted the total number of myotube-like
structures and the number of beating cells. Cumulatively, at
least 16.2 £ 0.6 myotube-like structures and rounded cells
were obtained from every 1,000 plated cells. Among these
myotube-like structures and rounded cells, approximately
29.1 &+ 1.2% (account for about 0.47% of inoculated cells)
exhibited spontaneous contractions. The contractions
activity could be maintained for up to nearly a week.

(red, D). No immunofluorescence was detected in beating cells
stained for MyoD (red, E) or «-SMA (red, F). Nuclei were stained
with Hoechst 33342 (blue, A-F). Scale bars measure 100 pm. (Color
figure online)

Evidence that ADSCs differentiate into cardiomyocytes
phenotypes

In order to confirm cardiomyocyte-like protein phenotypes,
immunofluorescence was performed on the day 4 after the
cells began beating. Positive staining was detected in
response to antibodies for cardiac o-actin, MF20, Conn-
exind45, cMHC, cardiac troponin I (cTnl), and Nkx2.5
(Fig. 2A-D), while no staining was observed in response to
the skeletal muscle protein MyoD or «-smooth muscle
actin (a«-SMA) (Fig. 2E, F). Notably, Nkx2.5 was detected
in both nuclei and plasma, indicating that it may not fully
translocate from plasma into nuclei. Staining with nonim-
mune control IgG did not generate any microscopically-
detectable fluorescent signals. The according negative
staining, which were not incubated with primary antibodies
were used to rule out non-specific binding, was shown in
the right panel (data was not shown). The same type of
specific tissue sections staining with nonimmune control
IgG also did not generate any microscopically detectable
positive signal (Fig. 3).
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Fig. 3 Positive and negative
controls for immunostaining.
Paraffin-embedded sections of
rat myocardium, rat skeletal
muscle, and rabbit bladder.
Tissues were first incubated
with primary antibodies, and
then with biotin goat anti-mouse
IgG or goat anti-rabbit IgG
secondary antibodies. Color
development was performed
using a liquid DAB substrate
kit. Nuclei were stained with
hematoxylin (blue). In the left,
the brown staining reflects
treatment with rat
cardiomyocyte anti-cMHC (A),
anti-cTnl (B), anti-Connexin45
(C), rat skeletal myoblast anti-
MyoD (D), and rabbit bladder
anti-a-SMA (E). The according
negative stainings, which were
not incubated with primary
antibodies were used to rule out
non-specific binding, was
shown in the right. Scale bars
measure 100 pm. (Color figure
online)

Positive controls

After differentiation, beating ADSC-derived cells
expressed both DHPR and RyR,, which indicated open
cardiac-specific excitation—contraction coupling (E-C cou-
pling) (Fig. 4). We also observed oscillations in fluo-3 AM
fluorescence intensity in these cells (Supplemental Video 2).
Results from the flow cytometry analyses indicated that the
cells expressed cardiac marker proteins. Specifically, 9.13 +
0.23%,7.13 £ 0.15%, 6.27 £ 0.61%, and 1.13 £ 0.06% of
cells expressed GATA4, cTnl, Connexin45, and DHPR-
RYR,, respectively. Cumulatively, these data indicated that
the beating ADSC-derived cells possessed the functional
characteristics of cardiomyocytes in vitro (Fig. 5).

@ Springer

Negative controls

L cMHC

Connexin45

a-smooth muscle actin

Effects of Nkx2.5 and/or cardiac o-actin
over-expression on ADSCs differentiation

qPCR and western blot analysises showed that Nkx2.5 and
cardiac o-actin were upregulated in cells infected with
Ad-cardiac a-actin (mRNA by 6.23-fold and 13.60-fold,
respectively, protein by 1.61-fold and 1.52-fold, respec-
tively) and Ad-Nkx2.5 (mRNA by 14.48-fold and 3.75-
fold, respectively, protein by 1.87-fold and 1.16-fold,
respectively) at 48 and 72 h post-infection, respectively.
Co-infection with the two viruses increased Nkx2.5 and
cardiac o-actin expression by mRNA by 14.92-fold and



Mol Biol Rep (2012) 39:2585-2595

2591

Fig. 4 Cardiac-specific
excitation—contraction coupling
pathway analysis of beating
colonies derived from ADSCs.
Beating cells were double-
stained for RyR,; (red) and
DHPR (green). Nuclei were
stained with Hoechst 33342.
Scale bars measure 100 pm.
(Color figure online)

15.17-fold, respectively, and protein by 1.86-fold and 1.40-
fold, respectively (Fig. 6A, B).

Results from the flow cytometry analyses indicated that
the expression levels of cardiac maker proteins (including
GATA4, cTnl, Connexind5, and DHPR/RYR,) were sig-
nificantly higher in cells treated with virus than in the
controls, and the highest in cells infected with Ad-Nkx2.5
(Fig. 5). Interestingly, the number of beating clones was
significantly reduced when cultures were infected with the
Ad-cardiac  a-actin (P < 0.05) and/or Ad-Nkx2.5
(P < 0.05) viruses; the fewest beating cells were found in
the cultures infected with both viruses simultaneously
(P < 0.05) (Fig. 6C).

Altogether, these experiments showed that overexpres-
sion of Nkx2.5 and/or cardiac a-actin in mouse ADSCs
increased the expression of cardiac-related proteins, but
inhibited cell beating.

Discussion

We confirmed that mouse ADSCs can spontaneously dif-
ferentiate into beating cardiomyocytes and expressed
cardiac-specific markers when cultured in DMEM supple-
mented with NBS (without the addition of any cytokines,
S-azacytidine, or antioxidants). And over-expression of
Nkx2.5 and cardiac o-actin were capable of increasing the
number of cardioac-like cells expressing cardiac marker

proteins, however, we observed inhibition of beating func-
tion, which was contrary to our expect.

SVF cells represent a heterogeneous cell population [7];
the adherent cell fraction remained after culture is known
as ADSCs [26]. Several previous methods have been
identified for inducing ADSCs or SVF cells to differentiate
into cardiomyocytes; these include treatment with 5-aza-
cytidine [14], culture in semisolid methylcellulose medium
(MethoCult GF M3534, main recipes are rh-Insulin,
2-Mercaptoethanol, rm-Stem Cell Factor, rm-IL-3, rh-IL-6,
etc.) [10], and co-culture with contracting cardiomyocytes
[15]. We found that ADSCs could spontaneously differ-
entiate into beating myotubes and rounded cells when
cultured in DMEM supplemented only with 15% (data was
not shown) or 20% NBS. In comparison to previous stud-
ies, we observed fewer beating cells with a shorter con-
tracting period; however, our results showed that just very
basic conditions (some unknown components existed in
serum) were required for transformation of ADSCs into
cardiomyocytes. Although these additional components
(including 5-azacytidine, IL-3, IL-6, 2-Mercaptoethanol,
etc.) are non-essential for the cardiac differentiation of
ADSCs into cardiomyocytes, they could increase the dif-
ferentiation rate via activating some key genes expression.
Our results also supported previous speculation that some
heretofore unknown serum components affected the ability
and efficiency of ADSCs to spontaneously differentiate
into cardiomyocytes, and that the source of serum may
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Fig. 5 Expression analysis of cardiac-specific proteins in ADSCs-
derived cells. A Results from FACS analysis of cells from each of the
different treatment groups, collected 3 days after the presence of
beating cells was first detected. Cells were assayed for the presence of
GATAA4 (a), cTnl (b), Connexind5 (c¢), and RyR,/DHPR (d) in order

directly affected the efficiency of the differentiation pro-
cess [16].

Upregulation of cardiac-specific transcription factors is
considered one of the first step of the commitment to car-
diac differentiation [24]. In present study, we found
approximately 6-10% primary ADSCs were positive for
cardiac marker proteins (including GATA4, cTnl, Conn-
exin45, etc.). However, only ~ 1% of the ADSC-derived
cells tested positive for cardiac-specific L-type Ca®"
channel flow (DHPRYRYR,"). This discrepancy may be
due to the fact that the presence of L-type Ca®" channel
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Connexin45 RyR2/DHPR

to generate a ratio of cardiac-specific protein-positive cells take up the
total cells number that cultured in dish. B Quantitative analysis for
A. Different letters show significant difference, P < 0.05. The results
are the means of eight independent experiments for each group,
respectively

flow may be a further sign of cardiac differentiation after
the up-regulation of cardiac marker proteins, however,
NBS alone may be insufficient to enable the further
spontaneous differentiation of cells that has undergone the
first step of cardiac differentiation. What’s more important
is that the results of immunofluorescence showed that the
subcellular distribution of Nkx2.5 was detected in both
nuclei and plasma, which was in accordance with that of
Kodama H and Armifian A’s researches [27, 28], and prove
the point that Nkx2.5 undergoes nuclear translocation [28].
Since Nkx2.5 and cardiac a-actin are closely involved in
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Fig. 6 Effect of Nkx2.5 and/or cardiac a-actin over-expression on the
differentiation of ADSCs into cardiomyocytes. A Real time PCR
analysis of Nkx2.5 (left) and cardiac a-actin (right) mRNA expres-
sion 48 h after infection with the Ad-Nkx2.5 and/or Ad-cardiac
a-actin virus. B Western blot analysis of Nkx2.5 (left) and o-actin
(right) protein expression 72 h after infection with the Ad-Nkx2.5

and/or Ad-cardiac o-actin virus. C The average numbers of beating
cells were obtained from every 1,000 plated cells in the five different
treatment groups, as counted 5 days after beating cells were first
detected in the control group. Different letters show significant
difference, P < 0.05. The results are the means of eight independent
experiments for each group, respectively
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heart development and cardiomyocytes contraction, that
over-expression of Nkx2.5 can promote the transformation
of P19 cells into cardiomyocytes [29], and cardiac a-actin
protein is an integral part of the contraction function, but
inhibits it when activated too early [30], so we hope to
improve the cardiac differentiation efficiency of ADSCs by
over-expressing of the two proteins. In keeping with pre-
vious findings [20, 31-33], we found that over-expression
of Nkx2.5 and cardiac a-actin can promote the expression
of cardiac marker proteins in ADSCs, indicating that
Nkx2.5 and cardiac a-actin could induce more ADSCs to
differentiate into cardiocmyocyte-like cells. Consistent
with the role of Nkx2.5 in regulating heart development
related genes expression (such as ANF, MLC2V, MEF2c,
a-sarcomeric actin, f-MHC, etc. [34-36]), we found that
the cardiac differentiation efficiency in Ad-Nkx2.5 infected
group was the highest among the treated groups. By
counting the beating clones among adenovirials infected
groups and control groups, respectively. Being unprecipi-
tated, we found the two adenovirals respectively or toge-
ther could not increase the formation of beating colonies
and actually decreased cell contraction ability. Besides, we
found that the contraction ability was lowest in cells
infected with both viruses simultaneously. Wei [30]
reported that a precocious activation of cardiac o-actin
might promote formation of sarcomeric structures that
could impair myocyte motility, however, we could not find
a direct relationship between the number of beating cells
and the expression level of Nkx2.5 or cardiac a-actin.

Cumulatively, we have shown that ADSCs could spon-
taneously differentiate into beating cardiomyocytes in vitro
under the normal culture conditions. A very important
finding is that the formation of beating clones is inhibited by
overexpression of Nkx2.5 and cardiac «-actin. Further
studies are needed to identify which signal pathways resul-
ted in the contraction of cardiomyocytes, and what inhibited
the first step of cardiac differentiation (the cardiomyocytes
markers were much lower in Ad-Nkx2.5 and Ad-cardiac o-
actin than that of Ad-Nkx2.5 treated group).
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