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Introduction 

EndMT (endothelial cell to mesenchymal cell 
transition) is a process through which endothelial cells 
may lose their characteristics and be transformed into 
mesenchymal or fibroblast-like cells. It has extensively 
been investigated in physiologic cardiac development as 
well as in pathologic tumor and fibrosis (1). During this 
process, it is believed that endothelial cells lose cell-cell 
adhesion and possess migratory and invasive capacity (2). 
There is a hypothesis that according to tensional 
homeostasis, when the cell-cell junction forces decrease 
the traction forces between cells and substrates increase 
inversely. Although it is difficult to measure cell-cell 
contact forces directly, it is possible to predict cell-cell 
junction forces via measurement of traction forces. In this 
study, we used a micropillar device to obtain traction 
forces of endothelial cells. To induce EndMT process, we 
used TGF-β (transforming growth factor-β) treatment.  

 

Material and methods 

cell culture 

 
Bovine Aortic Endothelial Cells (BAOEC) were 

cultured at 37°C and 5% CO2 environment in Dulbecco’s 
modified Eagle medium (DMEM, Sigma-Aldrich, 
Missouri, USA) with 10% Fetal Bovine Serum (FBS) and 
1% Penicillin-Streptomycin (Life Technologies, USA). 
Endothelial cells of passages 4-10 were used for all 
experiment. 
 
Fabrication and Preparation of micropillar 
device 
 

 
Micropillar devices were fabricated with polydimethy-
lsiloxane (PDMS) by double casting, to make a mold, 
PDMS was poured over an array of SU-8 (Microchem,  
Newton, MA) pillar made on silicon wafer by standard  
photolithography (3), cured at 110°C for 1h. To make a 
micropillar device, PDMS was poured over the mold, 

cured at 110°C for 20mins. Micropillar device was peeled 
off in 70% ethanol, and dried in critical point dryer (HCP-
2, HITACHI, Japan). Diagram of micropillar device is 
shown in Fig.1 
 

Treatment with TGF-β 
 
BAOEC were seeded on the top of micropillar device, 

after cultured to confluence condition in incubator, treated 
with transforming growth factor-β (Funakoshi, Tokyo, 
Japan) to realize EndMT process and culture with serum-
free medium (DMEM with 1% Penicillin-Streptomycin), 
cultured in incubator for 24hs. 

 
Cellular traction force measurement 
 

Fig.1 Schematic design of micropillar 



 

 

Micropillar devices were fluorescently stained for 
fibronectin mixed with Cy3 carboxylic acid (Cyanine3 
carboxylic acid, Lumiprobe, USA) and visualized with 
X20 fluorescence microscopy. To calculate the force on 
each pillar, the deflection of each micropillar were 
visualized by Image J and measured by MATLAB. 
Cellular traction force was calculated by Eq.1(4), 
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To get the small deflection of micropillars (Fig.2), we 
compared images of micropillar before cells on it and 
after. Then we used MATLAB to detect the center of 
every pillar and catch the deflection δ. (Fig.3) 
MATLAB was used to calculated the traction force. 

  
Results  
 
Endothelial cells to Mesenchymal cell transition 

process (EndMT) were realized by treatment of 

transforming growth factor-β (TGF-β) for 5 days. Images 

are shown in Fig.4 
Endothelial cell changed the shape form cobblestone 

shape to spindle-shape. To confirm the shape changes, 
we use Eq.2 to get the shape index of cells. (5) (Fig.5) 

δ =dHA/Dg=dHB/Dp                           (2) 
Dp, Dg is the maximum diameter of the particle, Sp is 

the area of particle, dHA, dHB are he radius of the circle 
which the area is Sp. 0≤δ≤1 (when δ=1, the shape is a 
circle). Micropillar device were fabricated with spring 

constant 69nN/um.  
By comparing the traction force result analyzed by 

MATLAB (Fig.6) for the first 24h treatment with TGF-β. 

The traction force didn’t show the significant difference 
between the control group, after treatment for another 24h, 
Average traction force changes from 27±7 nN to 44±5 nN. 
According to tensional homeostasis in cellular enviroment, 

(a) (b) 

Fig.2 Schematic illustration of deflection of micropillar 

while cells on it. 

Fig.4 (a)BAOEC without treatment (control group) 

(b)BAOEC treated with 5ng/ml TGF-β for 5 days 

Fig.3 (a) image of micropillar, (b)image of pillar MATLAB 

detected (red) scale bar: 15μm 
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Fig 5. Shape index of the cell in control group and 

experiment group 
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Fig.6. Traction force of BAOEC with treated with 

TGF-β for 24h, 48h 



 

 

cell-cell junction force supposed to decrease,  which 
allowed endothelial cells escaping from bonding of other 
cells, causing cell get higher migrating capicity. This may 
explain the mechanism of EndMT process. 
 

Discussion 

 

In this experiment, we successfully get the tendency of 

cellular traction force, the EndMt process can be realized 

when treated with 5ng/ml~20ng/ml TGF-β, to confirm 

this experiment, we did comparision experiment which 

treated with 5ng/ml, 10ng/ml, 15ng/ml, 20ng/ml TGF-β, 

the experiment all cultured in serum-free medium. We 

didn’t observe the specific cell shape changes among this 

4 concentration. So we used 5ng/ml TGF-β treatment in 

this experiment. However we can not make BAOEC live 

much longer on the micropillar device, we believed 

topography of the substrate used to measure the traction 

force would effect the cell condition(6), it would change 

the shape of cell nucleus, which may stop cells 

proliferation, also the other properties of the substrate 

like compliance, chemistry of the substrate have been 

shown to alter cell adhersion and cytoskeletal 

organization. Also we found the density of cells decrease 

during the EndMT process, we think it maybe the effect 

of EndMt process or the TGF-β treatment. For now, we 

can not get the specific magnitude of cell-cell junction 

force. But we are working to find a new way to predict 

the tendency of junction force changing. 
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