
  

� 

Abstract²This study was to investigate the enhancement 
ability of 5-azacytidine (5-aza) and collagen I nano-molecules 
treatment to the differentiation of rat mesenchymal stem cells 

(MSCs) towards a cardiomyocytes in vitro. The results 
demonstrated that the size of the cells increased significantly 
and connecting with adjoining cells by forming myotube-like 
structures. Also, additional treatment of the MSCs with collagen 
I nano-fibrils significantly increased two transcription factors 
GATA-4 and Nkx2.5 expressions and three expressions of 
FDUGLDF�JHQHV�RI�WURSRQLQ�,���-myosin heavy chain and cardiac 
.-actin compared with MSC groups treated only with 5-aza at 
early 3 d culturing(all, P<0.01 or better). These results indicate 

that culturing MSCs with collagen I nano-molecules, which 
could act as scaffolds or soluble protein ingredients, leads to 
alterations in gene expression and affects the differentiation fate 
induced with 5-aza. 
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I. INTRODUCTION 

Many efforts have been developed to facilitate MSCs to 
differentiate into cardiomyocytes, such as chemicals and 

growth factor supplements or changes to the composition of 
the culture medium [1-2]. Among of these, 5-aza has been 

used as a useful demethylation agent to study the roles of 

DNA methylation on gene activation and cell differentiation. 
MSCs can exhibit cardiomyocyte-like phenotypes following 

5-aza treatment using different experimental procedures, and 
changes in delivery frequency, dose and incubation duration 

all would affect the outcome of cardiomyogenic 
differentiation [3- 4]. Furthermore, many research results have 

demonstrated that the cell-culture scaffold architecture, 
including the geometry and dimension of the scaffolds may 

influence cell proliferation and differentiation. Recent in vitro 

studies have also indicated that culturing cells with various 
nano-sized scaffolds led to alterations in gene expression and 

differentiation. Recently, we have successfully fabricated 
nano-sized collagen particles by using a high-voltage 

electrostatic field system under controllable experimental 
settings [5]. Effects of collagen I nano-molecules 

(nano-particle or nano-fibril) together with a 5-aza treatment 

on the differentiation of MSCs into cardiomyocytes  by 
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examination of cellular morphology and the protein and gene 
expression of the induced cardiomyocytes  was presented in 

this study. 

II. MATERIALS AND METHODS 

A. Production of collagen I nano-molecules 

A high-voltage electrostatic field system was constructed 
to produce nano-sized collagen particles. The strength of the 

electrostatic field was provided by a DC power supply. The 

whole system was placed inside a thermal control chamber 
and set to a designated temperature (4°C). A plastic Petri-dish 

with 1 mL of iced collagen I solution was placed at the center 
between the two plate electrodes. The applied strength of 

electrostatic field was set at 2.5 kVcm
-1

. The concentration of 
collagen I was 0.1 mg/mL, and the reaction time was set to 1 h. 

The nano-sized collagen fibrils were produced by deactivating 

the power applied and increasing the reaction temperature to 
37°C to initiate the spontaneous reconstitution of collagen. 

B. Differentiation of MSCs into cardiomyocytes 

Bone marrow was aspirated from the femur and tibia bones 

of 3-week-old Sprague±Dawley rats after dislocation [6]. The 

PDUURZ�ZDV�FROOHFWHG�DQG�GLOXWHG�ZLWK���P/�RI�'XOEHFFR¶V 

PRGLILHG� (DJOH¶V� PHGLXP� �'0(0�� *,%&2�. Second 

passaged MSCs (density of 1×10
5
 cells/mL) were cultured in 

a DMEM medium containing collagen I nano -particles or 

nano-fibrils with a final concentration of 1×10
-3

 mg/mL or 

without the addition of collagen I nano-molecules. These 

MSCs were incubated at 37°C in a 5% CO2 incubator for 24 h, 

DQG� ��� �0� �-aza was then added for the induction of 

cardiomyogenic differentiat ion. Untreated MSCs served as 

the negative control group. After incubation for another 24 h, 

the cells were washed twice with PBS solution, and the 

medium was changed to a medium without 5-aza. The 

medium was changed every 3 days. 

C. Immunofluorescence staining 

To identify whether MSCs induced by 5-aza differentiated 

to cardiomyocytes, cells were fixed, permeabilized, and 
blocked with 5% albumin for 30 min before incubation with 

cardiac specific antibodies, anti-troponin I, anti-cardiac 

.-actin and anti-connexin 43  for 1 h. The cells were then 
incubated for 1 h with Rodamin-conjugated or 

FITC-conjugated secondary antibodies. Nuclei were 
visualized by staining with a DAPI solution for 30 min. Cell 

images were taken at 200 magnification viewed under a 
fluorescence microscope (Olympus IX-71, Japan). 

D. Real-Time PCR analysis 

The total RNA was extracted from MSCs with the 

Micro-to-Midi Total RNA Purification System (Invitrogen) 
according to the manufacturHU¶V� SURWRFRO�� 7KH� 51$� ZDV�

dissolved in RNase-free water and stored at �80°C until use. A 
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SuperScriptTM III One-step RT-PCR System with Platinum 

Taq DNA Polymerase (Invitrogen). An ABI TaqMan� Gene 

Expression assays probe and gene-specific primers were used 
in this study. Amplification of cDNA was performed using the 

T StepOneTM Real-Time PCR System (Applied Biosystems, 
ABI). The relative quantity (RQ) of specific gene expression 

was determined using the 2
-UUCt

 method [7]. 

E. Statistical analysis 

The results are presented as the mean ± SD. Data were 
compared using an ANOVA statistical analysis, and a P value 

of less than 0.05 was considered statistically significant. 

III. RESULTS AND DISCUSSION 

Figure 1 shows the transmission electron microscope 

images of the prepared nano-sized collagen I particles and 

fibrils. As shown, the collagen I monomers could coil 

together and form stable spherical particles under specific 

preparation settings. When the temperature was increased to 

37°C, more fibrous structures from the collagen I monomers 

were observed with similar experimental settings (Fig.1)  

 

 

 

 

 

 

 

 

 

 

 

 

Figure1. Transmission electron micrographs of nano-sized 

collagen I molecules prepared from high-voltage electrostatic 

field system. 

 
From the initial cultures, MSCs displayed a spindle-like 

fibroblastic shape. As growth continued, the MSCs size 

increased significantly and acquired a flattened, 
triangular-shaped morphology after treatment with collagen I 

nano-molecules and 5-aza (data not shown). These cells 

exh ibited a distinct morphology compared with the 

non-induced MSCs post-treatment and connected with 
adjoining cells, forming myotube-like structures. 

 MSCs can differentiate into cardiomyocytes under 
stimulus of some chemicals, such as 5-aza, ret inoic acid or 

TGF-�. Here we used 5-aza as the stimulant and  assess the 
enhancement ability of collagen I nano-molecules on the gene 

expressions of important transcription factors and proteins of 

cardiomyogenesis of 5-aza inducing MSCs, the expression of 
two transcription factors (GATA-4 and Nkx2.5) and three 

cardiac-VSHFLILF� PDUNHUV� �WURSRQLQ� ,���-myosin heavy chain 
DQG�FDUGLDF�.-actin) was evaluated by real-time RT-PCR. As 

shown in Fig. 2, the results showed that two transcription 
factors GATA-4 and Nkx2.5 expressed the highest gene 

expressions at MSCs with pretreatment of collagen I 
nano-fibrils at 3 d post-induction. Furthermore, MSCs 

pretreated with collagen I nano-fibrils significantly increased 

the other three cardiac-specific gene expressions, with a 
5.8-fold increase in troponin I, 10.3-IR OG�LQFUHDVH�LQ��-myosin 

heavy chain and 25.4-IROG� LQFUHDVH� LQ� FDUGLDF� .-actin 
compared with expressions in the group treated only with 

5-aza (at day 14).    
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Figure 2. Effects of collagen I nano-molecules on the 5-azacytidine 
induced of MSC differentiation into cardiomyocytes. After 3,7 and 14 d 
incubation, the relative quantity (RQ) of specific gene expression was 
detected by quantitative RT-PCR and analyzed by statistic software. 

(A)GATA-4, (B)Nkx2.5, (C)troponin I, (D)E-myosin heavy chain, 
(E)cardiac D-actin. P values are based on comparisons with MSC/5-aza 
group (at each time point). *: p < 0.05, **: p < 0.01, ***: p < 0.001. 

 

To elucidate the effect of collagen I nano-molecules and the 

5-aza treatment process on the differentiation of MSCs into 
cardiomyocytes, specific markers of cardiomyogenic 

differentiation were also examined by immunoblot analysis 
(Figure 3). It was found that MSCs pretreated with collagen I 

nano-molecules and the 5-aza treatment had greatly increased 

Nkx2.5 and Troponin I protein levels of cardiomyogenic 
differentiation markers compared with the MCS control group 

at 14 d post-induction. However, the levels of connexin 43 
were not consistent changes with time dependent compared 

with other groups. 

 

TABLE I.   PRIMERS FOR REAL-TIME RT- PCR 

 

 

Figure 3. Western blot analysis showed that the expressions of cardiac 
specific proteins connexin-����1N[����DQG�7URSRQLQ�,�FDUGLDF�.-actin after 3, 
7 and 14 d incubation. 

 

Figure 4 showed the immunofluorescence analysis on the   
presence of cardiac-specific proteins in differentiated cells. As 

shown, the cells were positively immune-stained with cardiac 
.-actin, connexin-43, Desmin and troponin I after 3 d, 7d and 

14d of cultivation. We found that these cardiac-specific 
proteins were localized at all groups that demonstrated most of 

the differentiated cells expressed markers for cardiomyocytes. 

 6HTXHQFHV���¶-�¶� Accession No. Product 

.-Actin Forward: CCCAGCACCATGAAGATTAAGATTATTG 

Reverse: CCTCATCGTACTCTTGCTTGCTGATC 

NM_019183.1 146 bp 

Arbp Forward: GTACCATTGAAATCCTGAGCGATGTG 

Reverse: GATGCTGCCATTGTCAAACACCTG 

NM_022402.2 130 bp 

GATA4 Forward: GTCCCAGACATTCAGTACTGTGTCCG 

Reverse: GTGACAGGAGATGGATAGCCTTGTGG 

NM_144730.1 99 bp 

�-MHC Forward: CACAGATGCCGCCATGATGG 

Reverse: CGATCTGCTCTGCCTCGTCCAG 

NM_017240.1 134 bp 

NKX2.5 Forward: CCAAGTGCTCTCCTGCTTTCC 

Reverse: CGCACAGCTCTTTCTTATCCG 

NM_053651.1 105 bp 

Troponin I Forward: CCATGATGCAGGCACTACTGGG 

Reverse: GGTTTTCCTTCTCAATGTCCTCCTTC 

NM_017144.1 99 bp 
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Figure 4. Immunostaining analysis of effects of collagen I 
nano-molecules on the 5-aza induced of MSC differentiation into 
FDUGLRP\RF\WHV�� 3RVLWLYH� VWDLQLQJ� IRU� FDUGLDF� .-actin (red), connexin 43 
(green), desmin (green) and troponin I (green) were seen at 3,7 and 14 d of 

cultivation (u200). All nuclei were stained with DAPI. 

IV. CONCLUSION 

In the present study, the ability of MSCs to differentiate 
towards cardiomyocytes was enhanced by combining 

collagen I nano-molecules and 5-aza treatment compared 
with relatively short 3-d cultivation. The most of important is 

that ,these extra treatments with collagen I nano-fibrils on 

MSCs significantly increased the GATA-4, Nkx2.5, t roponin 
,�� �-P\RVLQ� KHDY\� FKDLQ� DQG� FDUGLDF� .-actin expressions 

compared with treatments with collagen I nano- particles or 
5-aza alone. However, the roles and contributions of the 

collagen I nano-molecules, acting as scaffolds from fibrils or 
supplying nutrients or chemical cues from the particles still 

need to be examined. Furthermore, the influences of the 

timing  of the treatment and concentration of co llagen I 
nano-molecules added are being evaluated in our laboratory. 

We hope to create new directions for cell culture and tissue 
engineering by using collagen I nano-molecules with 

extraordinary capabilities. However, the detail of the 
mechanis m is under evaluation in our laboratory. 

ACKNOWLEDGMENT 

This study was supported by the grant from Department of 

Health, Taiwan (DOH100-TD-N-111-011)  

REFERENCES 

[1] E. Martin-Rendon, D. Sweeney, F. Lu, J. Gridlestone, C. Navarrete, 
S.M. Watt, 5-azacytidine-treated human mesenchymal stem/progenitor 

cells derived from umbilical cord, cord blood and bone marrow do not 
generate cardiomyocytes in vitro at high frequencies, Vox Sanguini 95 
2008, pp.137-148. 

[2] B.S. Yoon, S.J. Yoo, J.E. Lee, S. You, H.T. Lee, H.S. Yoon, Enhanced 
differentiation of human embryonic stem cells into cardiomyocytes by 
combing hanging drop culture and 5-azacytidine treatment, 
Differentiation 74 2006, pp. 149-159. 

[3] F.B. Zhang, L. Li, B. Fang, D.L. Zhu, H.T. Yang, P.J. Gao, 
Passage-restricted differentiation potential of mesenchymal stem cells 
into cardiomyocyte-like cells, Biochem. Biophys. Res. Commun. 336 
2005, pp. 784-792. 

[4] I. Dimarakis, N. Levicar, P. Nihoyannopoulos, M. Y. Gordon, N. A. 
Habib, In vitro stem cell differentiation into cardiomyocytes part 2: 

chemicals, extracellular matrix, physical stimuli and co-culture assays, 
J. Cardiothoracic- Renal Res. 1 2006, pp. 115-121. 

[5] S.J. Chang, G.C.C. Niu, S.M. Kuo, C.C. Ho, M.S. Bair, Preparation of 
nano-sized particles from collagen II by a high-voltage electrostatic 

field system, IEE Proc.-Nanobiotechn. 153 2006, pp. 1-6.  
[6] Fukuda K.,Development of regenerative cardiomyocytes from 

mesenchymal stem cells for cardiovascular t issue engineering. Artif 
Organs. 25 2001, 187-193. 

[7]   K.J Livak, T.D Schmittgen, Analysis of relative gene expression data 
using real-time quantitative PCR and the 2_DDCt method. Method. 25 
2001, pp.402±408.  

 

325


	MAIN MENU
	Help
	Search
	Search Results
	Print
	Author Index
	Keyword Index
	Program in Chronological Order

