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Abstract 
 

To effectively coalesce otherwise monolayer liver cells (hepatocytes) seeded 
into microfluidic channels, we present a high-density cell-trapping array chip for rapid 
three-dimensional hepatocyte spheroid self-assembly.  Moreover, by modifying trap 
geometries, spheroids of varying sizes can be formed in order to optimize the spatial 
microenvironment for improving cell viability and function.  Preliminary sensitivity 
analysis of albumin secretion detection demonstrates the feasibility of using an 
optimized chemiluminescent immunoassay to determine the albumin concentrations in 
the range of 1 ng/mL to 500 ng/mL.   
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1. Introduction 
 

Traditional monolayer cell culture methods cause hepatocytes to quickly lose 
their differentiated liver-specific functions.  Microfabricated 3-D bioreactors address 
many of the issues associated with traditional liver cell culture such as providing more 
in vivo-like spatial cell-cell interactions with physiological flow conditions (Figure 1).   

 
 
 

 
 
 
 
 
 
 
 
 

Past efforts toward preparing multicellular hepatocyte aggregates (spheroids) have been 
made in traditional rocker-plate, porous foam block, and microarray chip cultures in 
order to maintain liver-specific functions in vitro [1].  However, these approaches 
employ static culture methods which are unable to simulate physiological flow 
conditions.  Furthermore, the ability to analyze cell viability and function in a high-
throughput manner is hindered due to the opaque substrates used in all three systems.  
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Figure 1.  (A) Traditional 2-D monolayer cell culture on a dish without media flow.  (B) 
Hepatocyte spheroid with 3-D cell-cell contact and continuous media flow. 
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 Previously, we demonstrated the feasibility of large-scale single cell trapping 
using purely hydrodynamic methods in a PDMS device [2].  Here we report an 
improved device design with 1) individually addressable trapping channels for 
functional assay analyses of spheroid secretions, and 2) physiologically relevant trap 
sizes for spheroid formation: 25-100 � m square with 50 � m depth (Figure 2).    
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
2. Experimental 

 

The chips are fabricated using a two-layer SU-8/PDMS molding process.  Three 
different trap sizes: 25 � m x 25 � m, 50 � m x 50 � m, and 100 � m x 100 � m, all with  
depths of 50 � m were designed and tested to sustain viable and functional HepG2/C3A 
(human hepatoma) cells (Figure 3).  Cell viability, proliferation, and liver-specific 
function in terms of albumin secretion were characterized in the spheroid array device 
for each trap size (25-, 50-, and 100-� m-square) and compared with static control 
cultures on 12-well plates over two days.  LIVE/DEAD and Hoescht nuclei stains 
(Molecular Probes, Auckland, NZ) and Trypan Blue (0.4%) stain (Sigma Chemical Co., 
St. Louis, MO) were used to test for viability and proliferation in devices and control 
12-well plates, respectively.  A high-sensitivity chemiluminescent immunoassay was 
developed to measure albumin secretion concentrations as low as 1 ng/mL (Figure 4).  

 
 
 
 
 
 
 

 
 
 

Figure 2. (A) Schematic of the device.  Trapping arrays present physical barriers to multiple 
cells and spheroid formation occurs.  Cell secretions are collected from individually addressed 
channel outlets.  (B) Hepatocyte spheroids self-assemble due to hydrodynamic flow while a 2
� m channel facilitates effective trapping. 
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Figure 3. HepG2/C3A cells loaded into 50-� m-deep traps (into the page) measuring (A) 25 � m
sq., (B) 50 � m sq., and (C) 100 � m sq.  Spheroid self-assembly after 24-hours media perfusion: 
(D) fluorescently labeled with Hoescht 33258 DNA stain, and (E) LIVE stain, in 50 � m sq. traps
(dashed outline). 
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3. Results and Discussion 
 Preliminary on-chip cell culture experiments were successfully performed on the 
three trap-size designs to evaluate albumin secretion as compared with monolayer 
controls.  Specific albumin secretion improved in 3-D spheroids over traditional plate 
culture in a 2-day trial, supporting our hypothesis that the spheroid configuration 
induces more differentiated, liver-specific functions than in monolayer cultures (Figure 
5).  Further testing will be performed in order to verify that 3-D culture is superior in 
the long-term. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

4. Conclusions 
 

This cell trapping array is addressable, continuously perfused, and capable of 
supporting HepG2/C3A cells.  Furthermore, size-dependent spheroid physiology, cell-
cell interactions, and cell-ECM interactions can be studied in this platform.  In the 
future, we hope to improve the device’s usability in order to accommodate the demands 
of high-throughput pharmacological, toxicological and metabolic screening.   
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Figure 5. Specific albumin secretion in 
HepG2/C3A cells in device and control culture 
environments over 2 days.  Error bars represent 
standard deviation. 
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Figure 4.  Dot blot sensitivity testing
demonstrates the feasibility of detecting 
albumin secretions in the range of 1 ng/mL to 
500 ng/mL. 


