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Abstract 

We demonstrate perfusion culture of arrays of individually trapped cells with 
dynamic microfluidic control of cellular environment, high maintenance of cell 
isolation, and low cell death.  Hydrodynamically trapped cells were shown to adhere 
and divide at a comparable rate to cells grown randomly on the same glass substrate.  
This technique will be useful in quantitative single cell studies that require perfusion of 
drugs or switching of solutions.  Isolated cells in arrays allow facile image processing 
and eliminate effects of cell-cell communication on results. 
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1. Introduction 

Other techniques that allow single cell arrays of adherent cells in most cases require 
protein patterning of the surface or chemical treatments [1].  In other cases, cell number 
and cell-cell interactions are more difficult to control [2].  Here we present a technique 
in which no chemical treatments are required and single cell loading is easily performed 
in less than 30 seconds by flow of a solution of cells into the device.  There is no 
pretreatment of glass or PDMS surfaces to enhance or reduce cell binding or adherence.   

 
 
2. Exper imental 

The microfluidic device was designed, fabricated and characterized for cell trapping 
previously (Fig. 1) [3].  We now present data on single cell viability and growth after 
trapping.  HeLa cells growing in the array at t = 0 hr, 12 hr, and 24 hr are shown in Fig. 
2.  Trapped cells are seen to divide normally and become adherent in a similar fashion 
to cells grown on the glass slide used as the substrate for the device.   

 

A B Figure 1.  High density single cell 
isolation. (A-B)  Two-layer (40 mm and 
2 mm) cup-shaped PDMS trapping sites 
allow a fraction of fluid streamlines to 
enter the traps, which is reduced after 
trapping as the fluidic resistance 
increases.  Trapping probability 
decreases with each cell trapped.  
Drawing is not to scale.   



 
 
3. Results and Discussion 

The dynamics of adherence, cell death, and division are plotted for the device as 
well as a control substrate in Fig. 3.  The time for which 50% of cells are adherent ~ 14 
hours is matched in both the device and the control substrate.  Individual cell behavior 
in the trapping structure is plotted over time in Figure 4.  Here it is observed that after 
cell division both cells are retained in the trapping structure.  Adherent morphology 
identical to the control situation is also observed with possible attachment to the PDMS 
structure during adherence the difference in some cases. 

 
Figure 3.  Characterization of cell adhesion and division in the single cell array.  (A)  
Cell adhesion, division, and death are reported over time for individual cells in the 
single cell array.  (B)  The same characteristics plotted for culture on a control glass 
slide. 
 
 

Figure 2. Arrayed single cell 
culture over 24 hours.  Cells 
were cultured under continues 
perfusion of media + 10% 
FBS with an average velocity 
(2.5 mm s-1). Pictures are 
shown at times (A) 0 hrs, (B) 
12 hrs, and (C) 24 hrs.  The 
arrows indicate cells that 
undergo cell division within 
this time period. 



 

 
4. Conclusions 

We argue that this novel and robust technique for arraying adherent cells in a 
microfluidic environment will enable many studies of quantitative single cell biology on 
both short and long timescales. 
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Figure 4.  Characteristics of growth for single trapped cells.  Frames from a movie of 
cell growth in the array are shown demonstrating both cell division (first three rows) 
and morphologies indicative of cell adhesion (rows 4 through 6).  Time is shown 
below the frames in hours.  After division daughter cells remained within the trapping 
region. 
 


