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Introduction: 
The overall purpose of this research project is to 
optimize microfluidic devices in order to find 
the dimensions that most effectively achieve 
each device’s design goal. The optimization 
process can be clearly distinguished by five 
different steps. The first and most relevant to 
this summer’s work is to fabricate several 
devices of varying dimensions (ridge gap, 
spacing, etc.). The second is to utilize said 
devices in experimentation. The third step of the 
optimization process is to record the quality of 
each device’s results, which segues into the 
fourth step of determining the dimensions most 
suitable for each device’s desired function. This 
not only includes the original design of each 
microfluidic device, but also the practicality of 
the device and the viability of the cells after the 
microfluidic process. Finally, the fifth step and 
ultimate goal of the research project is to 
develop and manufacture these microfluidic 
devices on a large scale. There are two different 
kinds of microfluidic devices associated with 
this summer’s research: one for delivery of 
particles to cells, and another designed to sort 
drug-resistant cancer cells. 

Cell Sorting1: 
After being treated with the chemotherapeutic 
agent danorubicin, leukemia cell lines K562 and 
Jurkat are passed through a microfluidic device 
that is designed to sort the cells based on their 
size and stiffness. When the cancer cells are 
exposed to the drug, they undergo an apoptotic 
response. This response causes the dying cells to 
become stiffer, and the microfluidic device is 
able to separate the stiff cells from the softer, 
untreated cells. However, drug-resistant cancer 
cells that are treated with danorubicin do not  

undergo the apoptotic response. They remain 
soft, and the microfluidic device sorts them 
away from the leukemia cells that were affected 
by the drug. The drug-resistant cells are then 
collected from the soft outlet and analyzed for 
genetic expressions that are conducive to drug 
resistance. 

(a)	schematic	diagram	of	the	experimental	setup	showing	the	sorting	of	
drug-treated	cells	using	microfluidic	device	and	subsequent	
characterization	of	gene	expression	and	phenotypic	characteristics;	(b)
optical	micrograph	of	a	three-outlet	device;	(c)	representative	trajectories
of	resistant	and	sensitive	cells	flowing	inside	the	device

Delivery of Particles2: 
When cells are passed through a series of narrow 
ridges within a microfluidic device, they are 
compressed and relaxed repeatedly. The 
compressed cells are observed to exchange 
volume with their surroundings as they pass 
underneath the ridges through a process called 
volume exchange for convective transfer 
(VECT). When suspended with polysaccharides, 
particles, and plasmids, the cells were found to 
efficiently intake the molecules while remaining 
viable. By optimizing the ridge gap and distance 
between the ridges, cell VECT is an excellent 
method for delivering particles to cells. 



Fabrication Process: 
Both designs involve a series of ridges that are 
arranged along the microfluidic channel, and the 
ridges must be optimized to find a desirable gap 
dimension for cell passage. The devices are 
fabricated through a 2-step photolithography 
process to create an SU-8 mold on a silicon 
wafer, which is then used to form the PDMS 
microfluidic chip. The 2-step photolithography 
process involves a primary exposure of UV 
radiation to form the microfluidic channels on 
the SU-8 mold and a secondary exposure of UV 
radiation to form the ridges within the channels. 
The fabrication process and the dosages of UV 
exposure administered to the photoresist are 
very sensitive and can be fine tuned to produce a 
wide range of heights in the microfluidic device 
mold’s features. The following graphic 
illustrates a simplified schematic for the 
fabrication process:  

 
 
Fabrication Issues: 
SU-8 is a negative photoresist—meaning that 
the exposed resist on the silicon wafer remains 
after being developed, rather than being 
dissolved. This also makes it somewhat difficult 
to work with, as overexposure to UV radiation 
can cause undesirable effects in the SU-8 mold, 
such as blockages in the microfluidic channel. 
 

 
 
As seen in this VP-SEM image, overexposed 
photoresist has caused blockages on the right 
side, while the left side of the channel represents 
clear ridges, the goal of the microfluidic 
fabrication process. 
 
Chip Holder Design: 
Experimentation and the microfluidic process 
are incredibly sensitive procedures that rely on 
strict protocol and carefully controlled 
conditions. Many different elements can 
contribute to inaccuracy or failure in a 
microfluidic process, including air pockets or 
bubbles, insecure connections, and improperly 
fabricated chips. In order to improve the 
reliability and simplicity of the microfluidic 
process, a 2-hinged chip holder device was 
designed as a concept to allow researchers to 
quickly and easily establish and maintain a 
secure connection between the microfluidic chip 
and the tubing. 

 
Left to Right: 1. AutoCAD render of the 2-
hinged chip holder with the inlet port engaged 
and the outlet port disengaged 2. AutoCAD 
render illustrating the customizable inlet/outlet 
interface chips for use with any microfluidic 
device. 
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