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Abstract

Cell Migration is a pivotal process in conception, development and maintenance of all multi-
cellular organisms. It is also a key process indiseases like cancer. When cell migration takes
place because of cells' exposure to a chemical gradient of one or more chemicals (chemokines),
itis called Chemotaxis. While mimicking in vivo conditions as a whole is very important to study
chemotaxis, it is also important to be able to uncouple and manipulate the parameters like spatial
constraints and chemical concentrations to study their individual effects. To study multiple cells
in a single experiment, a setup that generates a chemical gradient of desired profile for
prolonged duration is necessary. Anideal setup will also enable the control over the exposure
time of the cells to the chemical gradient and also reduce the shear experienced by the cells.
Development and application of microfluidics enabled better temporal and spatial control over
the concentration gradient and cells. Microfluidic devices allow the user to mimic the spatial
constraints of in vitro in vivo. These systems also enable the generation of stable and desired
concentration gradients for prolonged duration unlike the systems used earlier to study cell
migration. Our work concentrates on developing efficient microfluidic systems for chemotactic
studies and also to meet a practical end such as on-chip clinical tools.

Before a microfluidic device can be used for studying cells, it needs to be analyzed for its
applicability in such a study. However, fabrication of all the candidate designs, experimentation
and analysis of the chemical gradient generated by them for different conditions for their
suitability for the cell study are time and resource consuming endeavors. COMSOL Multiphysics
software provides us with an in silico environment where we can test our designs in 2D and 3D,
thus reducing the resources and time required for testing the designs, all the while producing
results very close to the actual.

In one of our studies presented here we show the generation of different concentration profiles
and in the other, we uncouple the cells from the flow of the fluids by making a simple design
change thus reducing their exposure to shear.
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Figure 1: Development of Different Concentration Profile (Design 1).
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Figure 2: Development of Different Concentration Profile (Design 2).
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Figure 3: Velocity (in n/s unit) Profile in Design 2.



