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Preparation of Patterned Polymeric  
Scaffolds by Soft Lithographic Method and their 

Characterization for Tissue Engineering

Introduction
Many studies have been reported on the preparation of 

functional scaffolds for cell growth systems [1-3]. Cell morphology 
and growth observation studies were performed on the novel, 
patterned polymeric surfaces. Several techniques were developed 
for the fabrication of the patterned surfaces, including laser cutting, 
soft-lithographic patterning, electrochemical deposition, etc [4]. 
Lee and co-workers reported three dimensional micropatterning 
hydrogels including bioactive properties to guide three 
dimensional cell migration [5]. Chen produced micro patterned 
surfaces to control the cell shape, and its position [6]. Whiteside’s 
and co-workers have widely studied the development of the soft-
lithography for cell growth applications [7,8]. Some polymers and 
polymeric blends such as, SU-8, Poly (dimethyl siloxane) (PDMS), 
and polyethylene glycol dimethyl acrylate (PEG-DMA) are widely 
used for production of patterned surfaces [9-11]. Among these 
materials, PDMS is preferably used as pattern transfer stamp 
to produce the nanopatterned polymeric scaffold because of its 
superior properties like transparency and durability [12,13]. 
Vozzi and co-workers fabricated polymeric scaffolds by using 
different techniques to create different structures. They compared 
the advantages and limitations of these techniques with respect to 
resolution, cost, and preparation variables [14]. In this work, Soft 
Lithographic Method was used to fabricate patterned surfaces on 
microscope glass. The microscope glasses were covered by the 
polymers before pattering. PEG-DMA, PMMA, PVC were used as 
coating polymers. PDMS molds were originally produced in this 
study as soft material stamps to transfer the desired pattern.  

 
PDMS was also used as a scaffold to compare their efficiency for 
the cell growth systems. Cell growth was monitored using neutral 
red absorption assay [15]. Cell viability was observed on these 
patterned surfaces and the results were compared.

Experimental
Materials

Poly (ethylene glycol dimetacrylate) (PEG-DMA) was supplied 
from Sigma Aldrich company. Poly (dimethyl siloxane) (PDMS) 
and hardener were purchased from Dow Corning Corporation. 
Poly (vinyl chloride (PVC) was obtained from Fluke.

Preparation of the Scaffolds
In this work, the preparation of patterned surfaces involves 

successive steps following each other in a certain order. These 
steps are:

a) Drawing and the printing of the pattern (photomask).

b) Production of the elastomeric PDMS stamp which is 
used for the pattern transfer.

c) Coating of the microscopic glass with a photoresist 
polymer.

d) Using the photomask, the surface of the photoresist is 
patterned by passing UV light along the pattern.

e) Production of the PDMS stamp by pouring liquid PDMS 
onto the photoresist material.
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Abstract

Nowadays, cell growth studies on patterned surfaces have received increasing interest due to their cell control and substrate adhesion 
properties. In this study, patterned scaffolds were prepared by using Soft Lithographic Method. The structural and morphological properties of 
the prepared materials were analyzed for their use within cell growth systems. Microscope glasses were used as the bottom holder and coated 
with different polymers; polyethylene glycol dimethyl acrylate (PEG-DMA), polyvinyl chloride (PVC), and polymethyl methacrylate (PMMA) in 
order to compare the efficiency of the samples on the cell growth. The coated surfaces were patterned using poly (dimethyl siloxane) (PDMS) 
molds which were fabricated originally as soft materials for pattern transfer and used as stamps and as scaffolds.
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f) The pattern was transferred to the PDMS after drying 
process. The PDMS stamp replicates the opposite of the 
master.

g) The PDMS mould was contacted with the polymer (PEG-
DMA, PVC, PMMA) covered microscope surfaces using a force 
approximately 10 kN after being immersed into an alkanethiol 
solution.

Cell Growth Experiments
The polymer coated and patterned microscope glasses 

were used as scaffolds for the cell growth studies. L929 mouse 
fibroblasts were used in vitro cell culture experiments. Cell growth 
after adhesion of the cells was observed on these materials. The 
number of the cells was measured by neutral red uptake assay.

Results and Discussions

Figure 1: Optic microscope images: a) The patterned surface of PEG-DMA b) Cell growth on circular pattern.

Figure 2: SEM micrograph. The cells grown on the rectangular pattern.

Figure 3: FTIR spectrum for the samples of; liquid PDMS and solid PDMS (after hardener addition
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Figure 4: The comparative studies on the cell growth for different samples: 1-PVC, 2-PDMS, 3-PEG-DMA.

In this work, PVC, PEG-DMA and PMMA covered microscope 
glasses were patterned by using PDMS mould and cell growth 
studies were performed on these samples. The pattern and the 
cell growth properties were followed by an optic microscope and 
a scanning electron microscope (SEM). The optic microscope 
images of the samples were analyzed before and after cell growth 
experiments. The proliferation of the cells was observed after 72 
hours incubation at 37°C. The results are shown in Figure 1. Figure 
2 shows scanning electron microscope results and cell grown 
on the patterned surface. The microscope results confirmed the 
adhesion of cells on these substances. FTIR spectra of solid and 
liquid PDMS were compared and the results are shown in Figure 
3. According to Figure 3 it can be seen that the strong band on 
the FTIR spectra for solid and liquid PDMS at 1260–1265 cm−1 are 
related to the Si-CH3 bending and stretching vibrations. The peaks 
of liquid and solid spectra correspond to the hardening effect, 
before and after the addition to the sample. The siloxane bonds 
(Si-O-Si) observed at 1066 cm−1 shifted to a broad band around 
1056 cm−1 following the addition of the hardener. On FTIR spectra 
in (Figure 3) no significant change is observed. These results 
show that the structure of PDMS is not significantly changed in 
the presence of the hardener. The cell grown experiments were 
performed on different samples to compare the result. These 
comparative studies are shown in Figure 4. Cell growth was 
monitored in each group of experiments and successful results 
were obtained (except PMMA-covered samples). Cell growth 
studies were also attempted on the PMMA covered samples but 
cell growth did not occur on the surface of these samples.

 SEM and optic microscope results as seen in Figures 1 & 2 
support the successful adhesion of cells on the scaffolds. Both 
microscope results show the patterns were transferred onto the 
polymer coated surface from PDMS stamps. UV-exposure time 
chosen as 10 mins was good enough for these experiments. The 
high absorbance value in Figure 4 was obtained for the samples 
of PEG-DMA scaffold. PDMS was also used as scaffold to examine 
the cell growth results and it was found that PDMS covered and 

patterned surface is more effective than PVC covered surface for 
the cell growth studies.

Conclusion
The patterned scaffold materials are used effectively in 

tissue engineering and biotechnological applications among cell 
multiplication studies. The results of the cell growth experiments 
indicate that the materials prepared and patterned in this study 
by using PEG-DMA, PVC and PDMS are suitable for cell viability 
studies.
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