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SUMMARY 

Cell migration plays an important role in many physiological 

and pathological processes such as morphogenesis, wound 

healing and tumor metastasis. Mechanical interactions 

between cells and their surroundings have been demonstrated 

to regulate cell migration. Measurement of traction forces, 

generated by cells to their local environment, has been 

proposed as a quantitative way to study these interactions. We 

measured the traction forces exerted by mouse NIH 3T3 

fibroblasts during migration using a multichannel migration 

device with micropillars. The maximum value of the traction 

forces was 13 nN at the leading edge and tailing edge of the 

cells. The forces were founded to be mostly localized at the 

edge of the cell. 

 

INTRODUCTION 

Cell migration is essential for a wide variety of biological 

processes including tissue formation, wound healing and 

tumor metastasis. One of the tools to study cell migration is 

the scrape assay which is performed by creating a “wound” in 

a cell monolayer. As this process is traumatic for the cells on 

the newly formed border, several techniques have been 

proposed as an alternative to overcome the deficiency [1]. 

Mechanical interactions between cells and their surroundings 

have been demonstrated to regulate cell migration [2]. In fact, 

measurement of traction forces, generated by cells to their 

local environment, has been proposed as a quantitative way to 

characterize the mechanical interactions. In connection with 

cell migration, previous study has demonstrated the 

importance of substrate stiffness during cell migration using 

microfabricated substrates consisting of arrays of micropillars 

[3]. In this study, we measured traction forces during cell 

migration using a multichannel migration device in a high-

throughput manner. The device consists of 12 microchannels 

with 6 different designs of micropillars at the bottom and 2 

reference channels, providing several advantages such as less 

consumption of samples and costly reagents, parallel operation 

and reduction of analysis time.  

 

 

METHODS 

Cell culture  

Mouse NIH 3T3 fibroblasts were cultured in DMEM 

supplemented with 10% FBS at 37℃/5% CO2. 

 

Design and fabrication of multichannel migration device 

Figure 1 shows the schematics of the multichannel migration 

device with the micropillars. The device, made of 

polydimethylsiloxane (PDMS, Sylgard 184, Dow Corning), 

was fabricated using photolithography and soft lithography 

[4,5]. As shown in the figure, the device consists of a flat area 

(approximately 2 mm x 2 mm) where cells can be cultivated 

and 14 microchannels (500 μm x 200 μm) where cells can 

migrate, and is open at the top, allowing direct seeding of cells 

on the flat area. To measure traction forces during cell 

migration, micropillars are fabricated on the bottom surfaces 

of 12 microchannels with 6 designed patterns (11 μm in height, 

3~4 μm in diameter and 3~5 μm in spacing from edge to edge 

of the micropillars). Fibronectin were used to coat the flat area 

and the top of the micropillars. PDMS-made microstoppers 

were placed in the microchannels to inhibit cell migration 

before experiments as shown in figure 2. A confluent cell 

monolayer was established only in the flat area. Medium 

flowed from the main chamber into the channels, defined as 

time 0, after the stoppers had been removed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Schematics of microstoppers 
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Figure 1:  Schematics of multichannel migration device with 

micropillars. 
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Measurement of traction forces 

Traction forces exerted by cells on micropillars were 

determined by measuring the deflection of the top of the 

micropillars [4]. Bright-field images were acquired using a 

CCD camera (ORCA-R2, Hamamatsu Photonics K.K., Japan) 

and the deflection was obtained through an image analysis 

using Image J (NIH). For small deflections, the micropillars 

behave like simple springs such that the bending force, F, is 

directly proportional to the deflection of the micropillar, x. 

The spring constant of the micropillars was indirectly 

determined by cross-calibration [4]. Traction force 

measurements were performed up to 100 minutes. In this 

study, the spring constant of micropillars was estimated from 

that of micropillars with similar pattern and dimensions, which 

were made under the same condition.   

 

 

RESULTS AND DISCUSSION 

A typical example of traction forces exerted by a mouse NIH 

3T3 fibroblast for the micropillars of 11 μm in height, 3 μm in 

diameter and 3 μm in spacing are shown in figure 3. The top 

and the bottom figures represent the time variations of the 

forces on micropillar A and B, respectively. The middle figure 

represents the position and the traced outline of the cell at 44 

minutes. The arrow indicates the direction of migration. When 

the leading edge of the cell reached a micropillar, the 

magnitude of the force on the micropillar increased and the 

maximum value was 13 nN at 44 minutes on the micropillar A. 

When the tailing edge of the cell reached a micropillar, the 

magnitude of the force on the micropillar increased and the 

maximum value was 13 nN at 24 minutes on the micropillar B. 

The forces near the leading edge directed rearward, whereas 

those near tailing edge directed forward. The forces were 

founded to be mostly localized at the edge of the cell. Lo et al. 

[6] analyzed traction forces and spreading area of NIH 3T3 

cells during migration on a polyacrylamide substrate. They 

used a stiffer substrate than we used in this study and showed 

a higher magnitude of traction forces than those we measured. 

However, the traction forces obtained in this study are 

consistent with a previous study by the correlation which Saez 

et al. [7] showed between traction forces and stiffness of 

micropillar substrates. The migration device we fabricated 

consists of several migration microchannels. The substrate 

stiffness can be modulated by changing the diameter and the 

height, which enables to clarify affects of the change of the 

substrate stiffness on the spreading area and migration speed 

of cells on a single chip. Affects of the difference of ECM 

molecules on the migration capability could be also assessed. 

This would be further study. 

 

 

CONCLUSIONS 

This study describes cell traction forces during migration 

using a multichannel migration device. The maximum value of 

the force which a mouse NIH 3T3 fibroblast exerted during 

migration was 13 nN at the leading edge and tailing edge. The 

forces near the leading edge directed rearward, while those 

near the tailing edge directed forward. The forces were 

founded to be mostly localized at the edge of the cell.   
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Figure 3:  Traction forces exerted by mouse NIH 3T3 

fibroblast on micropillars during migration. 
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