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Abstract:

Microfluidic systems have gained rapidly in popularity for use in cell culture. They now provide the

capability to control many of the critical biochemical and biophysical factors, allow for co-culture of

multiple cell types, and can be imaged in real time at high resolution. These capabilities have opened the

door to studies not previously possible with an in vitro system. For example, one can combine several

different cell types and examine their interaction, and their response to time-dependent flows and delivery

of growth factors. In this talk, several examples will be presented drawn from the following: angiogenesis,

axonal guidance, liver tissue engineering, tumor cell intravasation, and stem cell differentiation.
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Abstract:

The gap between the cellular microenvironment in vivo and in vitro poses challenges for obtaining

physiologically relevant responses from cells used in basic biological studies or for drawing out the

maximum functional potential from cells used therapeutically. One of the reasons for this gap is because the

fluidic environment of mammalian cells in vivo is microscale and dynamic whereas typical in vitro cultures

are macroscopic and static. This presentation will give an overview of efforts in our laboratory to develop

microfluidic systems that enable spatio-temporal control of both the chemical and fluid mechanical

environment of cells. The technologies and methods close the physiology gap to provide biological

information otherwise difficult to obtain. Specific technological topics that will be discussed include

development of computerized microfluidics, self-controlled microfluidic systems, compartmentalized

microfluidic devices, and micropatterning using aqueous two-phase systems. Biological topics to be

presented include application of the technologies to treat infertility, study lung disease, engineering of stem

cell niches, and analysis of cell signaling.
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Abstract:

Capillary morphogenesis and angiogenesis are complex cellular processes that occur in response to external

stimuli. Understanding their mechanism and regulating the growth process are critically important in many

physiological and pathological processes such as cancer, wound healing, stem cells, and tissue engineering.

However, control of 3D cellular microenvironment in terms of mechanical and biochemical factors are

difficult to achieve in macroscale models. We have developed a microfluidic platform that can generate

capillary morphogenesis and angiogenesis in 3D gels and allow precise spatial and temporal control over

numerous instructive cues. This presentation will describe the design and some recent preliminary results

obtained with the device.
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