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Statement of Purpose: Bone marrow-derived 
mesenchymal stem-cell (MSC) transplantation to 
regenerate injured tissues is a promising new treatment 
with the potential of using the patient’s own cells to treat 
disease. For example, it is demonstrated that the 
transdifferentiation of MSCs into cardiomyocytes, can 
improve the cardiac function[1]. The potential of adult 
stem cells to function as cellular therapy in chronic 
cardiac diseases relies on their ability to self-renewal and 
to replenish multiple cell types within the tissue they 
reside in. Studies have demonstrated that MSCs co-
culture with cardiomyocytes will differentiate into 
cardiomyocytes in vitro[2]. In many aspects, individual 
cells exhibit a high degree of variability and may response 
to identical stimuli  very differently even in a seemingly 
homogeneous population[3]. It is necessary to measure 
gene expression at single cell levels rather than in bulk 
cells, in which individual differences or heterogeneity 
could be lost[4]. In our studies, the MSC and the 
cardiomyocyte were cocultured at single cell level in 
microfabricated microwells with modified surfaces. These 
identical microwells, each with only one MSC and one 
cardiomyocyte formed a biochip for statistical study of 
individual differentiating MSCs. Here we report gene 
expression study conducted with single cell real-time 
PCR at mRNA level. The results can be used to 
investigate the subphenotypical variations in the 
differentiation from MSCs to cardiomyocytes and the 
inter-activation of the coculture.  
 

Methods: Rat MSCs were purchased through ScienCell 
Inc. and characterized by immunofluorescent method 
with antibodies to CD73, CD90, CD105.  They were 
labeled with DiO before coculture. Neonatal 
cardiomyocytes were isolated from the hearts of 3-day-
oldneonatal rats. With soft lithographic techniques, a 
biochip was microfabricated with multiple identical 
microwells for MSC-cardiomyocyte coculture at single 
cell level. Cells were laser deposited into each 
microwell. Cytoplasm of each single cell was captured 
using motor controlled micropipette into a think-well 
PCR tube after of 2d, 4d, and 6d coculture. GATA4, 
Nkx2.5, Connxin43 gene expression of the single MSC 
or cardiomyocyte were analyzed by single cell real-
time PCR. 
 

Results and Conclusions: MSC-cardiomyocyte pairs can 
be cocultured in the developed biochip. When the two 
cells contacted with each other, tendency of MSC 
cardiomyogenic differentiation has been observed 

morphologically and electrophysiologically. Single cell 
RT-PCR has been shown to be a powerful technique for 
analyzing gene expression variations in individual cells.  
 
 

  
 
Figure 1. Cardiomyocyte-MSC pair cocultured in one of 
the microwells of the biochip. MSC was green labeled 
with DiO fluorescence marker. 
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Figure 2. Micropipette 
cytoplasm extraction 

Figure 3. GATA4, Nkx2.5, 
Connxin43 and β-actin 
gene expression in the 
cocultured stem cell. 
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