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ABSTRACT
 We report on a method for three-dimensional cultivation of cells in a microstructured 
asymmetric environment. In the system an asymmetric environment is created by using 
diffusion through a gel of extra cellular matrix proteins surrounded by microfluidic flow 
channels. Individual cells embedded in the gel react on the concentration gradient. The 
system has been evaluated both for diffusion properties and based on the cellular response.  
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1. INTRODUCTION
 An asymmetric environment is of great interest in fundamental cell-biological studies on 
e.g. polarization. Different principles can be used to create a gradient field over cells. 
Previously it has been reported how dual or multiple parallel flows can be used to create a 
gradient via diffusive mixing of 
solutions[1]. Also different concentra-
tion[2] and substance delivery[3] schemes 
have been demonstrated. Common for 
many of the previous works is the use of 
cells in a two-dimensional system, 
typically cells adherent to a fibronectin 
coated glass substrate. We have chosen to 
use a three dimensional culture system, 
using an extracellular matrix (ECM) gel. 
This system enables more physiological-
like culture conditions and also generates a 
diffusion limiting barrier which is used to 
create gradient fields. We have previously 
reported[4] on the immobilization of cells
in ECM gel in a microfluidic structure. 
This principle has now been further 
developed and we have introduced two 
micromolded parallel flow channels, one 
on each side of the gel in order to create a 
well controlled concentration gradient field 
(figure 1).  
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Figure 1. Conceptual view of chip for cell 
studies in gradient field.
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2. EXPERIMENTAL 
 Rapid prototyping of microfluidic chips 
was done by drilling syringe needle 
guiding holes and CNC mill a cavity for 
the gel plug in the polycarbonate (figure 2). 
The chips were mounted on standard glass 
slides. Needles were inserted and the chips 
were filled through pipetting 3.6 l of 

MATRIGEL ECM mixed with COS7 cells
(18000 cells/ l) at 4ºC into the cavity and 
applying the cover slip to seal off the chip. 
Raising the temperature to 37ºC 
polymerized the gel in the cavity of the 
chip. The needles were then pulled slightly 
apart (retracted), opening up the two 
parallel channels on either side of the ECM 
plug, thus exposing the gel for the two 
flows with treatment. The tubing was 
connected to a double syringe pump and 
chip positioned for examination in a 
confocal microscope. 
The chips were evaluated using a) cell free
fluorescein-water diffusion b) cellular 
accumulation of Calcein and c) cellular 
Ca2+ response to ATP stimulation. 

3. RESULTS AND DISCUSSION 
Application of fluorescein (a) in water in 
one channel and water alone in the other 
resulted in a concentration gradient 
following Ficks law for diffusion (figure 3 
and 4). Diffusion coefficient D was 
measured to 140±5 m2/s (D in water:
 497 m2/s). The cellular uptake of 
Calcein-AM (b) was evaluated. Viable 
cells take up the non-fluorescent Calcein-
AM and convert it to the fluorescent form. 
The experiments showed accumulation of 
Calcein in viable cells and that the 
accumulation was dependent on the cell 
position in the concentration gradient, i.e. 
position in the gel (figure 5). ATP (c) was 
used to study cellular response to applied 
substances. ATP gives a rapid increase of intracellular Ca2+ which can be monitored by the 
calcium sensitive fluorescent dye Fluo-4. ATP application showed characteristic Ca2+

signals with timing dependent on the position of the cell in the gradient field (figure 6). 

Figure 2. Photo showing chip used. C1= fluid 
no. 1, C2= fluid no. 2, indicating different 
concentrations. Dimensions: ECM plug width 
600 µm, length 3 mm and height 2 mm. 
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Figure 3. Image from confocal microscope 
showing fluorescein migration forming 
gradient field.

Figure 4. Fluorescein gradient across 800 
µm ECM-filled channel. Gradient is stable 
(steady-state) after approx. 90 minutes of 
perfusion. No further accumulation occurs.
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4. CONCLUSIONS 
 In summary we have successfully created a 3D cultivation system where cells are 
exposed to gradient fields all around in contrast to traditional systems where cells are 
cultured on 2D surfaces and hence non-homogenously exposed to gradients. COS7 cells
reacted on both calcein concentration gradient as well as ATP front movement. We propose 
studies with this system involving cell polarization in gradients of e.g. sodium and 
potassium as well as 3D cell migration/cytotaxis caused by e.g. a calcium gradient. 
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Figure 5. Response from cells embedded in 
ECM with dual flow of calcein-AM and 
culture medium. The intensities from the 
cells are proportional to the experienced 
calcein concentration.

Figure 6. Response from cells embedded in 
ECM with dual flow of ATP and culture 
medium. Variations in height possibly due to 
different cellular response or out-of focus 
related. Cells respond when reached by ATP 
front.
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