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The stem cell microenvironment is influenced by several factors
including cell-media, cell-cell, and cell-matrix interactions. Al-
though conventional cell-culture techniques have been success-
ful, they offer poor control of the cellular microenvironment. To
enhance traditional techniques, we have designed a microscale
system to perform parallel cell culture on a chip while controlling
the microenvironment in novel ways.

To control cell-matrix and cell-cell interactions, we use cell pat-
terning. We have developed a simple cell-patterning technique
(Figure 1 upper) that can pattern single cells onto arbitrary sub-
strates [1]. Using this technique, we patterned clusters of mouse
embryonic stem cells (mESCs) with different numbers of cells in
each cluster (Figure 1 lower). We have also developed methods
for single-cell patterning using dielectrophoresis (DEP), which
uses non-uniform AC electric fields to position cells on or be-
tween electrodes [2].

To control cell-media interactions, we have developed a microflu-
idic device for culturing adherent cells over a logarithmic range

A Figure 1: The mESCs patterned onto tissue culture
polystyrene and tracked over multiple days. The cells attach,
proliferate, and move.

of flow rates [3]. The device (Figure 2, left) controls flow rates
via a network of geometrically-set fluidic resistances connected
to a syringe-pump drive. We use microfluidic perfusion to explore
the effects of continuous flow on the soluble microenvironment.
We cultured mESCs in standard serum-containing media across
a 2000 range of flow rates. On day 1, colony areas were roughly
constant along the axis of perfusion, implying negligible nutrient
depletion. However, by day 3, we observed a significant decrease
in colony size along the axis of perfusion at mid-range flow rates
(Figure 2, right). At higher flow rates, colonies were uniformly
large along the axis of perfusion, implying that nutrient depletion
was not significant above certain flow rates.

This microfabricated system will serve as an enabling technology
that can be used to control the cellular microenvironment in pre-
cise and unique ways, allowing us to perform novel cell biology
experiments at the microscale.

A Figure 2: Microfluidic 1x8 array of cell culture chambers
for creating a logarithmic range of flow rates (left).
photographs at the right show day 3 mESC colonies at upstream,

The three

middle, and downstream locations in a single culture channel. Colony
size decreased along the axis of perfusion. Arrow indicates direction
of flow (right).
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