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Abstract
Pulse electric field (PEF) is a way of generating transient holes in the cell membrane. This is achieved by exposing the cell to a high
voltage electric field of usually of short duration. The application of PEF to the cell cannot only open pores in the cell membrane but can
also affect the cell physiology. Extracellular matrix protein is the major regulator of many cellular functions such as proliferation, adhesion and migration. PEF was also found to modulate these cellular behaviours. However, a combined influence of PEF and ECM on cellular behaviour which could further enhances the cellular processes for wound healing application via directed cell migration has not
been investigated. Therefore, the aim of this study is to examine the effect of PEF in combination with ECM on the cell guidance and
self-assemble monolayer of HT29 cell line. Cell alignment was investigated via micro-contact printing techniques. The results of the
study have shown that PEF has improved the HT29 cell alignment and elongation by more than 40%. Since tissue development in multicellular organisms in the course of wound healing depends on the cell adhesion process which can be influence by electrostatic charges.
Therefore, manipulation of substrate charge by patterning the substrate and application of PEF to enhance cell adhesion is a promising
scheme that can regulate cell guidance for wound healing application.
Keywords: Cell membrane; cell migration; electric field; wound healing.

1. Introduction
Extracellular matrix (ECM) protein is the leading controllers of
numerous cellular functions such as cell division, cell to ECM
adhesion, cell communication and cell to cell adhesion [1]. Moreover, ECM is the major regulator of cell migration and plays a
vital function in the formation of cell shape. The major impairment in wound healing process for diabetic patient is poor cell
migration. Since wound healing process are generally characterized by cell migration , proliferation and cell differentiation Therefore, understanding the process that controls cell function such as
proliferation adhesion and migration is very significant for wound
healing, tissue engineering application and in the development of
new tissue in vivo [2]. Laminin, fibronectin, and collagen are the
major components of ECM protein. Each of this protein binds to a
specific integrin molecule. The secretion of this protein in the
course of development and the level of their expression control
many cellular functions in development [3].
There are different methods that are used for the deposition of
proteins on a surface. This includes plasma-induced micropatterning, soft lithography, ultraviolet radiation micro-patterning
and micro-contact printing methods [4]. However, micro-contact
printing (MCP) is chosen in this paper because it offers a cheap

and simple surface patterning technique. MCP does not denaturing
the proteins as in the case of others method [5]. Additionally, a
sub-unit of 0.1um patterns of protein can be produced with MCP
[5]. In this paper, MCP was used to produce 25, 50 and 100µm
micro-pattern of Laminin protein. This is done with aim to determine the MCP dimensions that would induce the best degree of
HT29 cell alignment. Subsequently, the best MCP dimension was
then used to further investigate the cellular alignment under the
influence of pulse electric field (PEF).

2. Materials and methods
2.1. Cell culture
The HT29 cells line were grown in a 25cm2 culture flask (Life
Science, Korea) as a monolayer in RPMI 1640 medium supplemented with 10% Fetal bovine serum (FBS) and 1% penicillinstreptomycin (antibiotic), which are all products of Gibco, USA.
The details of the cell culture and subculture procedure can be
found in [6].
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2.2. Micro-contact printing technique

3. Results and discussion

The Polydimethylsiloxane (PDMS) stamps of different width (25,
50 and 100µm) and glass coverslips were washed with 70 % ethanol and let to dry totally in a bio-safety cabinet before commencing the MCP procedure. The Laminin protein was diluted to a
concentration of 50µg/ml using Phosphate Buffer Saline (PBS) [7].
Glass coverslips were then micro-contact printed with Laminin
protein as follows: stamp was inked by dipping into the Laminin
solutions for 60 seconds [8]. The stamp was then removed from
the protein solution and allowed to dry in air for 90 seconds.
The dried stamp was then placed in contact with the glass coverslip or substrate and pressed lightly using another glass coverslip for 60 seconds. The process was repeated for the different
stamp width (25, 50 and 100µm). Thus, this allowed the glass
coverslips to be patterned with 25, 50 and 100µm width of the
Laminin coated tracks separated by 25, 50 and 100µm width of
uncoated tracks respectively. A protein free coverslip was used as
a control.

3.1. Stamp construction and micro-contact pattern
printing
Figure 1 depicts the images of the PDMS stamps of different
width (25, 50 and 100µm) under microscope. The PDMS stamps
were used for the creation of the Laminin patterns on the glass
coverslips. The various patterns were successfully produced as
shown in Figure 2 for the Laminin protein.

2.3. Protocol for cell electroporation
In this study, the commercial electroporator ECM830 made from
BTX Harvard apparatus was used for exposing the HT29 cell line
to electric field while in suspension before seeding onto the substrates. The low voltage (LV) mode of the BTX ECM 830 electroporator at a voltage of 240V with a 4mm cuvette was used to
achieve a 600V/cm electric field strength earlier optimized for
HT29 cell line [9]. At the outset, cells are detached using the subculture procedures described in [10].
After neutralizing the effect of the detaching enzyme, 800µl of
cells suspension at a concentration of 1×105 cells/ml was poured
into a 4mm cuvette and then placed in BTX ECM 830 electroporator chamber. Electroporation was executed with an electric
field of 600V/cm intensity for 500µs duration. Immediately after
electroporation, the cuvette was moved to biosafety hood.

25µm stamp

2.4. Protocol of plating cells on glass coverslips
The glass coverslips that were micro-contact printed with the three
different stamp grating of the Laminin were placed, one in each
well of a 6-wells plate. As control, a protein free glass coverslip
was also placed in another well. Subsequently, 2ml of complete
growth media was added to each well. Next, 0.1ml of HT29 cells
at concentrations of 1×105 cells/ml were discharged in each well.
The plate was then cultured in an incubator at 37oC and 5% CO2
for 48 hours.
Following 48 hours in culture, cells were then imaged with standard phase contrast microscope. Subsequently, the best pattern
identified was seeded with electroporated HT29 cells of same
concentration as the untreated cells and were also incubated at the
same physiological conditions for further observation.

2.5. Image acquisition and measurement
Forty eight hours after seeding, Images were acquired using Nikon
TS100 Inverted microscope equipped with Dino camera and Dinocapture software2.0. Five Images from five different fields of view
were acquired from each coverslips (control, 25, 50 and100µm
stamp size). Using angle and line measurement tool in Dinocapture software2.0, the angle of alignment and cell elongation of
50 cells from each coverslip were measured and analysed. Cell
alignment to the patterns was computed by measuring the angle
between the cell longest axes in relation to the stamp pattern. Pattern that gives the best cell alignment was identified each experiment was repeated three times for better statistical analysis.

50µm stamp

100µm stamp
Fig. 1 Images of PDMS stamp of various size under microscope. Scale bar
= 100µm

25µm stamp
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50µm stamp
50µm

100µm stamp
Fig. 2 Images of glass coverslips micro-contact printed with different
stamp size of Laminin protein. Scale bar = 100µm.

Figure 3 shows the images of HT29 cell line after 48 hours of
seeding on the 25, 50 and 100µm width micro-contact printed
substrates of Laminin, and the control group. All substrates were
seeded with the same number of cell suspension. The qualitative
analysis of the images has revealed that HT29 cell line aligned
most readily on 100µm of Laminin pattern, followed by 50µm
pattern. The cells poorly aligned on 25µm pattern. Conversely, the
cells have shown no alignment on the control group with no definite pattern. Similarly, cell elongation reflected the result of cell
alignment with 100µm pattern of Laminin showing highest cell
elongation followed by 50µm and then 25µm.
The result of angular alignment would be interpreted as; an angle
of 45o and above is signifying that orientation of cell to the pattern
is indiscriminate, that is, no alignment [9], [8]. While, an angle of
less than 45o is suggesting that cell aligns to the pattern with zero
degrees representative a complete alignment to the pattern [11]

100µm

Control
Fig. 3 Images of HT29 cell line seeded on the glass coverslips microcontact printed with different stamp size of Laminin protein after 48 hours.
Scale bar = 100μm

3.2. Measurement of cell alignment

25µm

Table 1 shows the data obtained from quantitative analysis of the
mean angle of HT29 cell alignment on the Laminin protein. This
includes the different patterned substrates (25, 50 and 100µm) and
the control substrate. The angular alignment of 50 cells from different field of views, were measured and analysed in each case.
The quantitative analysis of the data obtained on the patterned
substrates has shown that HT29 cell line aligned most readily on
the 100 and 50µm stamp patterned substrate with a mean angle of
alignment of 4.5o ± 0.96 and 5.0o ± 1.45 respectively as shown in
Table 1. Whereas, the HT29 cell line has revealed poor alignment
on the 25µm stamp patterned with a mean angular alignment of
30.4o ± 12.2. In addition, the HT29 cell has shown no alignment
on control coverslip with average angle of 54.5o ± 6.01. Laminin
was found to promote the differentiation of epithelium cell [12].
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Hence this could the reason for the better alignment of HT29 cells
in Laminin pattern.
Table 1 Angle of alignment for HT29 cell line seeded on coverslip microcontact printed with ECM protein after 48 hours of seeding
Average angle of alignment ± Standard deviTreatment
Stamp size
ation (SD)
25µm
30.3o ± 12.20
50µm
5.0o ± 1.45
Laminin
100 µm
4.5o ± 0.96
Control
54.5o ± 6.01
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electrically treated as described in section 2.3 before plating on the
patterned substrates of 100µm width stamp. The cells were cultured for 48 hours with the same number of cells as in the case of
the untreated cells and under the same physiological conditions.
Figure 4 shows the images of HT29 cell line after 48 hours of
seeding on 100µm stamp pattern of Laminin.

In all experimental data obtained with respect to cells angle of
alignment, the data were found to be normally distributed (P >
0.05) and therefore one-way analysis of variance (ANOVA) followed by Post Hoc Turkey HSD test was used in analysing the
data for statistical significance difference. The statistical results
revealed that there is no significant difference between 50µm and
100µm stamp sizes of Laminin ECM protein (P > 0.05). However,
there was a significant difference in angle of alignment between
100µm-25µm, 100µm-control 50µm-25µm, and 50µm-control
substrates of the Laminin protein (P < 0.05 in all case).

3.3. Measurement of cell elongation or cell length

Laminin NEP

The cell length of 50 cells from different field of views, were
measured and analysed in each case. The result of cell elongation
would be interpreted as; the longer the cell length the better the
alignment of the cell to the pattern [8]. The result of cells elongations reflects the result of cell alignment, cells that shown best
alignment revealed the highest elongation. In other words, cell
elongation is proportional to the cell alignment. Table 2 shows the
data obtained from quantitative analysis of the mean cell length of
all the ECM protein used on the different patterned substrates (25,
50 and 100µm), and control substrate. The mean cells length on
the 100, 50 and 25µm stamp patterned substrates, were 103.2µm ±
19.69, 90.5µm ± 13.95 and 65.3µm ± 12.86 respectively. Whereas,
the mean cells length on the control substrate was 39.6µm ± 5.90.
Table 2 Average length of HT29 cell line seeded on coverslip microcontact printed with ECM protein after 48 hours.
Average cell length
Treatment
Stamp size
(µm) ± SD
25µm
65.3 ± 12.86
50µm
90.5 ± 13.955
Laminin
100 µm
103.2 ± 19.69
Control
39.6 ± 5.9

The result of the study showed that HT29 is most readily aligned
to the 50 and 100µm stamp size. This could be connected to the
cell size, whereby for smaller stamp size (relative to the average
cell length of the HT29 cell line), the cell could not distinguish
between the patterns protein lines and un-pattern protein lines, in
which case the cell could overlap [7]. Whereas for stamp size
greater than the average cell length of the HT29 cell line, as in the
case of 50 and 100µm stamp size, the cells could easily distinguish between the protein pattern lines and the protein un-pattern
lines. Hence, they could easily follow the guidance cues [8]. The
results obtained in this research (results without PEF treatment)
are qualitatively in agreement to that of [7], [8], [11] that also
demonstrate that Osteoblast, Keratinocyte cell line and MG63
bone cell respectively, are most readily aligned to 50 and 100µm.
In order to have better assumption we need to further investigate
the cell alignment and elongation with PEF.

3.4 Influence of PEF on cell alignment and cell elongation
Cell alignment on 100µm stamp pattern of Laminin was the best.
Hence, it was used to investigate the influence of PEF on the
HT29 cell line alignment on the MCP surface. The cells were

Laminin EP
Fig. 4 Images of HT29 cell line on 100µm micro-contact printed substrates
of Laminin. Scale bar = 100µm

The results of the HT29 cell alignment and elongation, when they
are exposed to PEF, on the 100µm pattern of Laminin has improved significantly. The angular alignments of HT29 cell was
3.8o ± 0.94 for the 100µm pattern of Laminin under the influence
of PEF treatment. On the other hand, the cell lengths of HT29
cells were 113.7µm ± 16.85 for the 100µm pattern of Laminin
under PEF treatment. Under most situations, cell membrane has a
net negative charge, and when a DC electric field is applied to a
cell, the cells are readily moved by electrophoresis (Gerard, 2004).
Therefore, by generating positive voltages at micro-patterned surface, electrophoresis can be used to attract and pattern cells [13].
Thus, this could be the reason the EP cell has better alignment
than the NEP cells.
Table 3 Treated and Untreated HT29 cell line alignment and Elongation
on 100µm micro-contact printed substrates of Laminin.
Treataverage angle of alignment
average cell length (µm)
ment
(degree) ± SD
± SD
EP
3.8 ± 0.94
113.7 ± 16.85
NEP
4.5 ± 0.96
103.2 ± 19.69

The data obtained from PEF treatment revealed that there was an
improvement on the alignment of HT29 cell line on 100µm patterned of Laminin which decreased from 4.5o ± 0.96 to 3.8o ± 0.94.
The result is also statistically significance (P = 0.006 < 0.05) with
a mean difference of 0.7o. Similarly, the cell elongation under PEF
on the 100µm patterned of Laminin increased from 103.2µm ±
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19.69 to 113.7µm ± 16.85 which is also statistically significant (P
= 0.03 < 0.05) with a mean difference of 10.5µm.
The result has shown that PEF has great influence on the HT29
cell line alignment and elongation. This could be that PEF stimulated the integrin and cadherin which are the molecules responsible for cell-cell and cell-ECM adhesion [14] [15]. In addition, it
could be that the PEF modulated the electrostatic charges on the
cell which is also significant and accountable in cell adhesion and
alignment [16]. The HT29 cell have shown strong tendency to
direct their movement by contact guidance along the edge of the
protein pattern cues. It is possible that the protein patterns provide
a suitable surface for the adhesion of the cell lamellipodia and
filopodia thereby instigated their projection along the patterns. In
addition, the PEF could have further stimulated the filopodia and
the cell signaling pathway and facilitated the cell to aligned better
on the pattern cues as compared to the cell that are not exposed to
the PEF. Growth and repair in multicellular organism depends
solely on cell adhesion which is also affected by electrostatic
charges on the cell surroundings [17].

4. Conclusion
In this paper, the influence of PEF on micro-contact printing technique of HT29 cell has been studied. The HT29 cells were successfully cultured on Laminin patterned surfaces. The cells were
found to aligned and elongated most readily on the 100 and 50µm
wide stamp pattern of all the Laminin ECM protein. Best cell
alignment and elongation was revealed on the 100µm of stamp
width of the Laminin protein. Additionally, when the cells were
exposed to PEF before seeding on the patterned surface, the cell
alignment and elongation was greatly enhanced. Since tissue development in multicellular organisms in the course of wound healing process depends on the cell adhesion process which can be
influence by electrostatic charges [17]. Therefore, manipulation of
substrate charge, for instance, by patterning the substrate or by
application of external electric field to enhance cell adhesion, is a
promising scheme that can control cell assembly and migration in
wound healing applications [18].
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