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Department of Mechanical Engineering

Motivation

Bio-microfuidics is an emerging field which helps

scientists to study biological processes in a controlled

environment. Using microfluidic technologies, disease

models on chips1 form a recent development that will

enable us to circumvent the limitations of conventional

disease models (figure 1).

Inspired by advances in this area, our goal is to

engineer the tumor micro-environment in a

controlled microfluidic system In this work, our aim

is to study the effect of extracellular matrix (ECM)

stiffness on the invasive properties of the tumor cells.
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Figure 2 – Microfluidic chip to test the tumor cell invasiveness. (a) Different layers

of the chip. (b) A real micro-fabricated chip connected to a pump. Fluids with

different colors mix only at the intersection of the micro-channels.

Microfluidic chip
We have successfully fabricated a microfluidic chip which

replicates the Transwell migration assay (figure 2). The

fabrication method and the chip design were modified,

comparing to the one reported in the literature2, towards a

smaller chip and easier fabrication.

Cell culture
We have seeded a monolayer of two invasive breast cancer

cell lines (MDA-MB-231 and MCF-7) in our chip and compared

the cell proliferation with conventional culture dishes (figure 3).
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Figure 3 – (a) MCF-7 cells on the porous membrane, and (b) fluorescent picture of

the same cells (blue: nuclei, green: cytoskeleton). (c) MCF-7 cells in a culture flask.

Future prospect
Our future task is to combine our microfluidic technology with the electro-spun

scaffolds to create a 3D cancer intravasation model on a chip. Invasive

properties will be related to the intravasation characteristics of the tumor. As

shown in figure 5, intravasation (invasion of cancer cell into the blood stream) is

a complex process which involves many environmental factors. The effect of the

matrix stiffness on the invasive properties of the tumor cells (embedded in a

matrix) will be investigated.

Conclusion
We have fabricated a microfluidic chip and seeded tumor cells to study chemotaxis and migration assays. The next step is to promote

the design to a 3D model to account for more complexity of the tumor micro-environment.

1van de Stolpe, Anja, and Jaap den Toonder. "Workshop meeting report Organs-on-Chips: human disease models." Lab on a chip 13.18 (2013): 3449-3470.
2Chueh, Bor-han, et al. "Leakage-free bonding of porous membranes into layered microfluidic array systems." Analytical chemistry 79.9 (2007): 3504-3508.

Figure 1 – Classification of technologies, complexity vs. cost.
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Figure 5 – Vision of CIChip.
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We have also seeded the cells on electro-spun scaffolds to

achieve a 3D model for the tumor cells (figure 4).

Figure 4 – A SEM

picture of electro-spun

Poly Capro Lactone

microfibers (a) and a

fluorescent picture of

the seeded MDA-MB-

231 cells on the

microfibers (b).

(a) (b)

*h.eslami.amirabadi@tue.nl


