
Lab on a Chip Analysis for Cancer Treatment
Taylor Dill, YSP Student, Malden High School

Devon Hartigan, YSP Student, Natick High School
Matthew Sullivan, PhD Student, Northeastern University

Dr. Tania (Tali) Konry, Assistant Professor, Department of Pharmaceutical Sciences, Northeastern University 

 Introduction

Methods

Results

Acknowledgements
Tumor Necrosis Factor (TNF) alpha is a cytokine that is 

produced by helper T cells, macrophages, Natural Killer cells (NK 
cells) and other immune cells that fight against foreign bodies.1 
TNF aids in fighting and preventing infection and the proliferation 
of cancer.2 This cytokine also induces activation of nuclear factor 
kappa-light-chain-enhancer (NFκB), of activated B cells. NFκB is 
a transcription factor that dictates the transcription of genes that 
are responsible for regulating cellular processes including cytokine 
production and preventing apoptosis in healthy cells. In cancer 
cells, NFκB is active and promotes cancer cell proliferation and 
suppresses apoptosis.3 In order to detect the interaction between 
NFκB and cancer cells, HeLa cells have been modified so their 
nucleus expresses Green Fluorescent Protein (GFP) when 
interacting with TNF. 

 Using microfluidics to view single cell and cell-cell 
interaction, researchers can see the HeLa cells’ response to TNF 
alpha. Microfluidic devices can be fabricated using the inert 
material Polydimethylsiloxane (PDMS) for specific experiments. 
Microfluidic droplets specifically allow immune and cancer cells 
to interact with each other by encapsulating the cells in 
oil-aqueous droplets. It is an efficient way that allows for 
micro-level precision in nanoliter volumes; reproducibility of 
measurements; and monitoring cellular interactions4.
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Abstract
Making Devices
1. Fill templates with PDMS and curing agent. Place in vacuum to 

remove bubbles. Cure at 60°C for 2 hours. 
2. Cut and punch inlets in order to flow liquid(s) through the devices. 
3. Treat devices with plasma cleaner to activate glass slide and 

PDMS.
4. Put two surfaces together to form covalent bonds.

❖ There was no significant difference in cell death 
across the two sets of HeLa cells or fluorescence. 

❖ As the NFκB is activated, due to the presence of 
TNF, the fluorescence should change in the nucleus.

❖ For the next stage, NK cells will be added to the 
droplets with HeLa cells to produce TNF. The 
purpose of using immune cells is to see the change 
in fluorescence at different controlled concentrations 
of TNF.
➢ If this succeeds, these methods could be used to 

incorporate different cytokines and transcription 
factors in order to map cancer cell pathways.  

Conclusion and Future Research
Analyzing Cell Viability 
❖ Monitor how long cells survive in droplets based on the 

fluorescence of the GFP and membrane shape. 
❖ Experiments were run for 6 hours with images taken every 15 

minutes.
❖ Cell viability is captured by an automated microscope. 
❖ Cells dead at the beginning present a red fluorescence 

Experiment
❖ Passage cells for cell culture 
❖ Count cells (the goal is to obtain 2-3 million cells for experiment)
❖ Insert tubes into inlets to flow oil (top inlet) and cells in aqueous 

solution (next two inlets) to create water in oil droplets with 
co-encapsulated cells. 

Figure 1. (A) A device template.  

Figure 5. A Hemocytometer,  
used for cell counting. 

Figure 1. (B) Viability of HeLa cells with 
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Figure 1. (A) Viability of HeLa cells 
without TNF.

AImmunotherapy is emerging as a leading treatment method for 
a variety of cancers. However, a large percent of the population 
show little response to different types of immunotherapies. The 
mechanisms of resistance to immunotherapy are complex and 
poorly understood. The NFκB pathway, which is constituently 
active in many cancers, may be a factor in resisting both active 
and passive immune cell-mediated killing. Using green 
fluorescent protein labelling and droplet-based microfluidics, a 
more detailed understanding of the NFκB response in cancer cells 
to TNF-α released by immune cells can be developed. 
Microfluidic devices provide a versatile platform for early stage in 
vitro biological research. Single-cell droplet-based microfluidics 
minimizes experimental variables, allowing for quantifiable 
measurements of cellular mechanisms. Here, microfluidic droplets 
were used to track cancer and immune cell survival and signaling.

Figure 5. Flowing 
oil and color dyes 
through a device 
while observing the 
flow under an 
automated 
microscope.

Figure 2. (C) Top 
green cell displays an 
alive HeLa cell with 
TNF and the bottom 
cell displays a dead 
HeLa due to red 
fluorescence and 
ruptured membrane 
(TNF included).

Figure 2. (A) Three 
viable HeLa cells with 
TNF glow bright green 
and have intact 
membranes. 

Figure 2. (B) A HeLa 
cell dying with TNF. 
The green fluorescence 
is dimming and the cell 
membrane is fading. 
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Figure 6. Droplets 
in device under 
automated 
microscope before 
filling the array. 

Figure 1 (B). A finished device.
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