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Syring Pump 

Peristaltic Pump 

Vacuum Pump 
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•  Surface Tension (γ): 
Young-Lapalace Equation: 

Where Δp is the pressure difference, γ is surface 
tension, Rx and Ry are radii of curvature in each of the 
axes that are parallel to the surface. 
Water at 25oC, γ = 71.97 (dyn/cm) 
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PDMS Microfluidic Channel Silicone 

3.0 x 10-4 K-1 
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•  Applications 
– 3-D Microchannel 
– Micro Pump and Valve 
– Reconfigurable Gratings 
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Endothelial 
Cells 

Myoblast 
Cells 

Epithelial 
Cells 



15 

• Moving from cell monolayers to three‐dimensional (3D) cultures is 
motivated by the need to work with cellular models that better mimic the 
environment of living tissues. 

•  For example, tumor spheroids have been widely used as an in vitro 3D 
model to simulate the multicellular microenvironment when investigating 
tumor cell physiology and responses to therapeutic agents. 
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• Dual-Layer Compartmentalized PDMS microfluidic Device 
•  Efficient formation of uniform-sized spheroids 
•  Simple yet robust operation 
•  Capable of scaling up for high throughput screening 

• Appropriate morphology and embryo size are critical for the sequential 
development stages of naturally conceived embryos. 

• Mouse embryonic stem (ES) cells (ES-D3 cell line, ATCC) 

200 µm 

200 µm 
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• Endothelial, osteoblast, and prostate cancer cell co-culture to mimic the 
in-vivo niche microenvironment 

• Slower prostate cancer cell proliferation rate (doubling time: ~9 days) 
• Endothelial cells proliferate, and osteoblast cells are quiescent 

• Human carcinoma cell that stably 
express mesothelin (A431.H9) cell 

• Drug test for commonly used 
chemotherapy agent: Fluorouracil 
(5-Fu) and Tirapazamine (TPZ) 

• Cell viability test using Alamar 
blue  
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Hydrodynamic Focusing 

Fluorescence Signal 

Scatter Signal 
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* Cumulative Histogram Method 
+ Wolbers et al., Electrophoresis, 2006, 27, 5073. 
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DOI: 10.1038/nature05063 

•  Precisely Control or Mimic the Rich Biochemical and Biophysical 
Complexity of the Cellular Microenviroments. 

•  Cell Activity Monitoring and Observation. 
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