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Nuclear factor kappa B (NFkB) is a well-studied global regulator of gene expression that
coordinates the cellular response to a variety of external stimuli such as tumor necrosis factor
alpha (TNFa), which is critical in inflammation and immunity. NFkB is normally sequestered in the
cytoplasm but it translocates into the nucleus upon TNFa stimulation and acts to regulate a variety
of downstream genes before it is shuttled out of the nucleus back into the cytoplasm. Oscillation
dynamics of NFkB shuttling have been implicated in the functional dynamics of subsequent gene
expression but it remains to be determined to what extent dynamic stimulation of the system
affects nuclear-cytoplasmic NFkB shuttling. To this end, we have developed a microfluidic cell
culture device to stimulate mammalian cells with any desired time-varying waveform of
biochemical inducer while maintaining the cells in a zero-shear environment. By delivering TNFa
in a ramp versus step waveform we are able to gain insight into the dynamics of NFkB activation.
Using our recently developed automated tracking of individual cells, we can gather relevant
statistical data on the NFkB response dynamics. Our preliminary results indicate that the strength
and timing of initial NFkB response is variable between cells, which we can observe due to the
dynamic ramp TNFa activation experiments. This variability would be difficult to

detect in devices where only static delivery of TNFa is possible.
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