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ABSTRACT 

In this study, we describe a method applied magnetic 
force and photoresponsive hydrogels for cell patterning. A 
magnetic microparticle-containing hydrogel stencil is first 
generated using the photolithography technique. This 
stencil can be remotely controlled with a magnet and used 
to define the area for cell adhesion in the cell culture dish or 
microfluidic system. Subsequently, generating heterotypic 
cell patterning and stacking cell sheets layer-by-layer for 
tissue reconstruction can be achieved with repeating the 
patterning process. We believe our magnetic hydrogel-
based cell patterning method is a useful tool to generate cell 
sheet for drug screening and fundamental biology study. 
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1 INTRODUCTION 

All human organs consist of various cell types of cells 
organized in a complex pattern to meet specific functional 
needs. Involving heterotypic cell-cell interactions into 
models is important to intimate the in vivo situations for 
and biology study and drug screening [1]. Furthermore, to 
reconstruct human organs in vitro, one possible approach is 
applying cell patterning techniques to fabricate cell sheets 
and later stack them layer-by-layer into a three-dimensional 
tissues reconstructs [2-3]. Recent advancement of 
microfluidic technologies allow patterned cells or 
microtissues growing in a continuous dynamic perfusion 
system with the efficient mass transfer. These technologies 
are powerful for performing complex treatments on cells 
and have potential to stack cell sheets systematically by 
layer using automatic fluidic control [4]. However, many 
commonly used cell patterning techniques suffer drawbacks 
such as dependence on sophisticated instruments and 
manipulation of cells under suboptimal growth conditions.  

Magnetic force-based cell manipulations have drawn 
much attention recently in cell patterning and tissue 

engineering [5-7]. These methods utilize magnetic force to 
manipulate cells to form patterns and tissues reconstructs, 
manifesting the feasibility of using magnetic force in tissue 
engineering. Nevertheless, directly labeling cells with 
magnetic materials may influence cell viability and the 
existence of magnetic materials in cells may be undesirable 
for subsequent analyses [8]. 

Photoresponsive hydrogel can be crosslinked through 
photopolymerization. This technique applies light to 
generate free radicals from a photoinitiator that react with 
the active end groups on hydrogel pre-polymers to form 
covalent crosslinks [9]. The Poly(ethylene glycol) 
diacrylate (PEG-DA) hydrogel is one type of 
photoresponsive hydrogel and have been shown in previous 
studies that PEG-DA can easily generate precise microscale 
scaffolds or microstructures using photolithography [10]. 

Here, we described a cell patterning method based on 
magnetic force and photosensitive PEG-DA hydrogels. The 
magnetic microparticles were mixed with PEG-DA 
hydrogels and fabricated into stencils with specific 
designed pattern using in situ photolithography [11]. These 
magnetic hydrogel stencils are easily manipulated and can 
be attracted to substratum tightly by magnets. Cells were 
restricted to grow at the non-hydrogel occupied area. 
Repeating the patterning process, heterotypic cell patterns 
and layer-by-layer 3-D reconstructions can also be 
generated as a model for disease research models and tissue 
engineering. 
 

2 MATERIAL AND METHODS 

2.1 Materials 

All tissue culture media, antibiotics, sera, and reagents 
were purchased from Invitrogen Corp. Other chemicals 
were purchased from Sigma-Aldrich unless indicated 
otherwise. The magnetic particles were purchased from 
HIMAG Magnetic Corporation. Permanent neodymium 
iron boron (NdFeB) magnets were obtained either from 
Super Electronics Co., Ltd. or local bookstores. 
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2.2 Cell culture and fluorescence dye staining 

HepG2 cells and Balb/3T3 fibroblasts (American Type 
Culture Collection) were maintained in Dulbecco’s 
Modified Eagle Medium supplemented with 10% fetal 
bovine serum and 1% penicillin/streptomycin in a 5% CO2 
humidified incubator at 37℃. Fluorescent marker dyes used 
in this study were DiI (red), DiO (green), 5-(and-6)-(((4- 
chloromethyl)benzoyl)amino)-tetramethylrhodamine 
(CMTMR) and 5-chloromethylfluoroscein diacetate 
(CMFDA). The working concentrations of DiI, DiO, 
CMTMR or CMFDA were 5-25 μM.  
 
2.3 Generation of magnetic hydrogel stencils 

The 50% PEG-DA precursor solution was prepared by 
dissolving PEG-DA (Mw = 575 Da) in PBS containing 1% 
UV photoinitiator (2, 2-dimethoxy-2-phenylacetophenone) 
and 10 mg/ml magnetic particles. The PEG-DA solution 
was loaded into a chamber and then exposed to UV light 
through a photomask to form magnetic PEG-DA stencils. 
This study employed a mercury lamp on a fluorescence 
microscope (BX-51; Olympus) as the light source. All of 
the photomasks were designed using L-Edit v10 software 
and printed on emulsion film with a resolution of 20,000 
dpi. After photolymerization, stencils were immersed in 
PBS to remove non-reactive photoinitiator and PEG-DA. 
 
2.4 Process of magnetic hydrogel cell 
patterning 

The flowchart for magnetic hydrogel cell patterning is 
shown in Figure 1. A NdFeB magnet was used to 
manipulate and attract magnetic stencils to the bottom of 
the substrate and the first type of cells are seeded (Figure 
1A). Cells are allowed to attach to the area not occupied by 
the hydrogel stencils (Figure 1B). After cell attachment, the 
magnetic hydrogel stencils can removed with magnets and 
the second type of cells are seeded after the hydrogel 
stencils are removed (Figure 1C). Cells would adhere 
preferentially to the area not previously occupied by the 
first type of cells and formed heterotypic cell patterning 
(Figure 1D). 

 

 
Figure 1: Schematic illustration of the process for magnetic 

hydrogel cell patterning. 
 

3 RESULTS AND DISCUSSION 

3.1 Fabrication of magnetic PEG-DA stencils 

Figure 2A shows the result of stencils resolution. A 
photomask with a line width ranging from 50 μm to 400 μm 
was used to test the resolution of the pattern formed on the 
hydrogel stencils. Fabrication of empty lines with a width 
above 150 μm could be easily achieved using this method. 
Further reduction of line width depends on precise control 
of the light exposure time and quick removal of non-
reactive PEG-DA polymer avoiding the overexposure. The 
limitation using this technique to generate line shape space 
is approximately 100 μm (Figure 2A). A photomask with 
line widths above 200 μm could easily generate PEG 
hydrogel stencils with comparable line width. The actual 
line width on hydrogel stencils may be 150 μm smaller than 
the corresponding line width on the photomask if the line 
width is below 200 μm. As shown in Fig. 2 (B-D), various 
geometric patterns are design for mimicking the repeating 
units in real organs, hydrogel stencils with two concentric 
circles and a snowflake-like shape, designed to imitate 
blood vessels and liver-lobules, could be produced 
successfully. 
 

 
Figure 2 : Fabrication of magnetic PEG-DA stencils and 

determination of the resolution. Scale bar = 500 μm 
 
3.2 Homotypic and heterotypic cell patterning 

using magnetic hydrogel cell patterning 

The homotypic and heterotypic cell patterning were 
performed following the magnetic hydrogel cell patterning 
procedures illustrated in Fig. 1. To demonstrate the 
complex heterotypic cell patterning by this cell patterning 
method, we first generated the magnetic PEG-DA stencils 
with a snowflake pattern or two concentric circles (Figure 
2B-C) to mimic tissues. The overall size of the pattern is 
approximately 2 mm and the width of the empty line space 
is approximately 150 μm. After immobilizing the PEG 
hydrogel stencil tightly to the culture plate by magnetic 
attraction, the red fluorescence dye-stained HepG2 cells, 
were seeded into the plate and allowed to attach to the 
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substratum by culturing in a 5% CO2 humidified incubator 
at 37℃. After 3 – 8 h of incubation, the hydrogel stencil 
was removed using a magnet and non-adhered cells were 
washed away gently with PBS to reveal the cell patterns 
formed by cells. The cell pattern can be made heterotypic 
by seeding approximately 2 × 105 Balb/3T3 fibroblast cells, 
stained previously with a green fluorescence dye, into the 
culture plate. Figure 3A shows the pattern of liver-lobules 
in the bright field. Figure 3B shows the pattern of two 
concentric circles formed by HepG2 cells and Balb/3T3 
fibroblasts, separately in green and red fluorescence, using 
the magnetic hydrogel cell patterning. 
 

 
Figure 3: Heterotypic cell patterning using the magnetic 

hydrogel cell patterning. Scale bar = 1000μm 
 

4 CONCLUSIONS 

In conclusion, we have developed a method using 
magnetic PEG-DA stencils to generate cell patterns. The 
technique offers advantages including simple to operate and 
low cell damage, and therefore is a good alternative to 
current cell-patterning technologies. Moreover, 
manipulating magnetic stencils in microfluidic system can 
perform cell patterning easily without sophisticated 
instruments and specific techniques. We believe that this 
technique will find many applications in biomedical 
research in the near future. 
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