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ABSTRACT: Cells tend to align and move by following anisotropic topographical cues, namely the phenomenon known as contact
guidance�an essential step in cell alignment, adhesion, and migration. The effect of topographical cues on individual cells has been
investigated extensively, but that on cell aggregates still remains to be fully understood. Considering the high surface sensitivity of
electrochemiluminescence (ECL) microscopy, it was used in this work to explore the impact of surface topography on cell behaviors.
First, we studied the variations of cell−matrix adhesions of cells cultured on different topographical features. Both fibroblast-like and
epithelial cells plated on microgrooved electrodes exhibited obvious contact guidance behavior. Then, the effect of surface
topography on cellular collective migration was investigated. Topographic cues would be a barrier for cell migration if the orientation
of microgrooves was perpendicular to the direction of migration; otherwise, it would be a helper. Finally, it was found that relaxation
of cytoskeleton contractility or reduction in adhesion density could weaken the directed migration of leading cells, because the
alteration of migration directionality was retarded. In contrast, such interactions were lost on the contact guidance response of
follower cells, as they still aligned by following the topographic cues.
KEYWORDS: extracellular microenvironment, topography, contact guidance, cell−matrix adhesions, collective cell migration,
electrochemiluminescence microscopy

■ INTRODUCTION
The natural extracellular matrix (ECM) microenvironment, a
highly cross-linking network, is compositionally, structurally,
and mechanically complex.1−3 It contains numerous physical
signals, including stiffness, geometric confinement, surface
topography, and spatiotemporal variations of these factors.4,5

In particular, the topographic texture of the local micro-
environment can influence cell responses, such as cell
spreading,6,7 differentiation,8 and migration.9,10 The tendency
of cells to adjust their orientations and migration behaviors in
accordance with local anisotropic topographical features is
referred to as contact guidance,11,12 which is of vital
importance in tissue engineering13,14 and can influence cell
coordination and invasiveness.15 Moreover, it is also an
important parameter in the design of implanted medical
devices as tailored topography can mimic a certain level of
cellular control in vivo. Although the contact guidance response
of a single cell to different topological signals has been

extensively investigated,16−18 details about the responses of
aggregation of cells to topographic cues remain less under-
stood. For example, cellular collective migration is a
fundamental phenomenon widely found in a large number of
biological processes, such as embryo development,19 tissue
regeneration,20,21 wound repair,22 and cancer metastasis,23

where cells move as a cohesive group in the form of sheets,
streams, or clusters rather than individually.20 In these
processes, the effect and role of topographic cues in the
mechanical cooperation among cells are worthy of study.
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Up to now, there are multiple imaging techniques that have
been developed to investigate the effect of topography on cells.
Bright field (BF) microscopy is easy of use and can realize
dynamic imaging of cell migration without any pretreat-
ment.24,25 However, the contrast of BF images is insufficient,
which may result in overlooking detailed information.
Fluorescence microscopy is widely used for cell imaging, and
specific proteins that are important in cell alignment and
migration, like vinculin26 and F-actin fiber,25 can be imaged to
elucidate the variation of adhesion or cytoskeleton. But
immunofluorescent tagging is usually required for fluorescence
imaging. Given its advantage of high spatial resolution,
scanning electron microscopy (SEM) is also frequently applied
in cell imaging,16,27,28 but it is limited to dead cells.

Electrochemiluminescence (ECL) refers to luminescence
that is triggered by electrochemical stimulation.29,30 It has
manifested itself as a powerful approach in sensing and imaging
by virtue of its advantages of high spatiotemporal resolution,
high surface sensitivity, and near-zero background.31 Recently,
ECL microscopy has shown great potential in cell analysis.
Small molecules,32−34 proteins,35−37 and nucleic acids38 can be
analyzed by ECL microscopy. Moreover, as a surface-sensitive
tool, ECL microscopy is suitable for single entity imaging, such
as single cells,39 bacteria,40 and even subcellular structures, like
organelles,41,42 cell−matrix adhesions,43 and cell−cell junc-
tions.44 Since ECL microscopy lends itself to living cell
imaging, it can be applied to analyze single molecule
movement on membranes,45 cell apoptosis,46 and migration.43

In this work, ECL microscopy was employed to elucidate the
impact of the topography of the local environment on cell
behaviors (Scheme 1). Due to its elaborate and reproducible

control over structural properties,47 a typical 2D microgrooved
surface was introduced. Different microgrooved (MG) electro-
des with equally spaced ridges and grooves of ∼3 and 6 μm in
width were fabricated; meanwhile, the flat electrodes were used
as the control group. The variations of cell−matrix adhesions
were imaged by ECL microscopy. We then investigated the
collective responses of cohorts of cells to topographic cues. It

was found that cell sheet also oriented along the microgrooves.
The microgrooves could be a booster or an obstacle depending
on the relative directions of the microgrooves and directed
movement. Finally, drug stimulation experiments were
conducted to explore the function of the cytoskeleton and
cell−matrix adhesions on contact guidance and directed
migration. It was found that either the cytoskeleton or
adhesions can affect the speed and region of leading cells to
adjust their orientations toward directional migration, while
they have no influence on the alignment of follower cells.

■ EXPERIMENTAL SECTION

Chemicals and Reagents
All chemicals were used as received without further purification.
Tris(2,2′-bipyridyl)ruthenium(II) hexahydrate (Ru(bpy)3Cl2·6H2O,
98%), blebbistatin, N-(2-hydroxyethyl)piperazine-N′-2-ethanesulfonic
acid (HEPES), and Dulbecco’s modified Eagle’s medium (DMEM)
were obtained from Sigma-Aldrich. Fetal bovine serum (FBS) was
ordered from Gibco. RPMI 1640 medium was bought from Genom.
Arg-Gly-Asp peptide (RGD, ≥97%) was purchased from Macklin.
Phosphate buffered saline (PBS, 0.01 M), normal goat serum, and
trypsin−EDTA solution (0.25%, without phenol red) were bought
from Solarbio. Paraformaldehyde (PFA, 4%) solution and penicillin−
streptomycin (PS) were obtained from Beyotime. ITO coated glasses
(surface resistivity <1 Ω/square, thickness 1200 ± 20 nm) were
purchased from South China Science & Technology Co. Ltd. Prior to
use, the ITO glasses were sequentially cleaned in 1 M NaOH/ethanol,
acetone, ethanol, and ultrapure water under ultrasonication.

Fabrication of Microgrooved Electrodes
Microgrooved electrodes with microscale ridges and grooves of ∼3 or
∼6 μm in width and ∼100 nm in depth were fabricated by laser direct
writing lithography (DWL, HEIDELBERG DWL66+). Briefly, an AR-
P 5350 positive resist was spin-coated onto the ITO electrode for 60 s
at 4000 rpm, resulting in a thin layer of photoresist with a thickness of
∼1 μm. The photoresist was soft-baked on a hotplate at 105 °C for 2
min. Subsequently, a focused laser was used to directly write the
designed pattern onto the photoresist film. The photoresist was
developed by immersion in developer for 1 min. Then, the areas
exposed to laser were washed off whereas the rest stayed on the film,
thus creating a grating pattern. Finally, the patterned electrode was
etched in 6 M HCl for 40 min and then treated with ultrasonication in
acetone, ethanol, and ultrapure water in sequence, followed by drying
under a nitrogen stream.

Cell Culture for Imaging
PC12 cells were purchased from BeNa Culture Collection and
cultured in DMEM with 10% FBS and 1% PS at 37 °C in a 5% CO2
environment. A549 cells were kindly provided by the group of Prof.
Qun Fang (Zhejiang University). For single cell imaging, cells in the
exponential growth phase were detached from a Petri dish using
0.25% (w/v) trypsin/EDTA, seeded on the electrodes, and incubated
for 12 h. In the experiment of single cell alignment, ECL imaging was
performed in PBS containing 25 mM HEPES and 100 μM
Ru(bpy)3Cl2. The exposure time of the electron multiplying charge
coupled device (EMCCD) camera was 5 s.

Collective Cell Migration
PC12 cells were grown to confluency on either flat or microgrooved
ITO electrodes, as described above. Then, a wound healing assay was
performed to evaluate the in vitro behavior of wound gap healing on
different electrodes. “Wounds” were created by scraping with the tip
of a sterile pipet across the electrode surface. Cell debris was washed
away, and then the culture medium was replaced with DMEM
supplemented with 2% FBS. The wounded cell sheets were incubated
for a certain time. At different time intervals, the images of different
electrodes were captured under ECL microscopy. The concentration
of HEPES was raised to 50 mM in the imaging of cell migration and

Scheme 1. Schematic Illustration of Imaging Collective Cell
Migration on the Surface of Microgrooved Electrode by
ECL Microscopya

aECL generation from the electrode regions beneath cells is inhibited
and that from nonadhesion domains is unlimited, thus realizing
negative imaging of cell migration.
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the exposure time of EMCCD was increased to 10 s, while other
conditions were the same as in single cell imaging.

In drug stimulation experiments, cells were preincubated with RGD
(100 μM) for 10 min to competitively occupy adhesion sites, plated
to electrodes, and incubated for another 12 h, followed by the wound
healing assay. In order to inhibit cell cytoskeleton contractility, after
the scratch, the culture medium was replaced with DMEM
supplemented with 2% FBS containing blebbistatin (100 μM).
Measurements and Instrumentation
Scanning electron microscopy (SEM) images were obtained on a
SU8010 field emission scanning electron microscope (Hitachi, Japan)
at an accelerating voltage of 5.0 kV. Atomic force microscopy (AFM)
was used to measure the height of microridges. The measurement was
performed using a Dimension Icon (Veeco Corp., USA) atomic force
microscope in the contact mode in air. Topographic images were
recorded at the fundamental resonance frequency of the cantilever,
with a typical scan rate of 1 Hz and a resolution of 256 samples per
line.

For all imaging measurement, an upright microscope (Nikon,
ECLIPSE LV100ND) equipped with a water immersion objective
(Nikon, CFI Apo 40×, N.A. 0.8) and an electron multiplying charge
coupled device (EMCCD) camera (Andor, iXon Ultra 897) was used.
A homemade polydimethylsiloxane (PDMS) electrochemical cell
containing 100 μM Ru(bpy)3Cl2 and 25 mM HEPES in PBS was used
in a three-electrode configuration, in which a prepared electrode, a
silver/silver chloride (Ag/AgCl) wire, and a platinum wire acted as
the working, reference, and counter electrodes, respectively. A

constant potential of 1.3 V (vs Ag/AgCl) was applied to the working
electrode for ECL imaging. All images were processed by ImageJ
software.

■ RESULTS AND DISCUSSION

Fabrication and Characterizations of Microgrooved
Electrodes

The microgrooved (MG) electrodes were prepared by laser
direct writing lithography, where ridges and grooves with equal
line widths of 3 or 6 μm were designed, correspondingly
termed as MG3 and MG6 electrodes, respectively, for
simplicity. As shown in Figure 1a,d, the surfaces of the
electrodes are clean and almost free of impurity particles. The
feature sizes of the MG3 electrode were 2.5 and 3.5 μm for
ridge and groove widths, respectively. As for the MG6
electrode, the microgroove features are in good accordance
with the design (ridge width, 5.8 μm; groove width, 6.2 μm).
The heights of ridges can be controlled by the etching time,
and they are approximately 100 nm as measured by atomic
force microscopy (AFM; Figure 1b,c,e,f). The roughness of the
fabricated electrodes is about 9 nm, which is one-tenth the
height; hence the impact of roughness on cells can be ignored.
Moreover, the flat electrodes were used as a control group. The
surfaces of fabricated MG electrodes can provide anisotropic

Figure 1. (a, d) Top-view scanning electron microscopy (SEM) images of MG3 (a) and MG6 (d) electrodes. The scale bar is 10 μm. AFM 3D
images (b, e) and 2D profiles (c, f) of MG3 (b, c) and MG6 (e, f) electrodes.

Figure 2. BF (a−c) and corresponding ECL images (d−f) of PC12 cells on the surface of flat (a, d), MG3 (b, e), and MG6 (c, f) electrodes. The
scale bar is 10 μm. ECL images were recorded in 0.01 M PBS (pH 7.4) containing 100 μM Ru(bpy)32+ as luminophore and 25 mM HEPES as
coreactant. A constant voltage of +1.3 V (vs Ag/AgCl) was applied.
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guidance to cells, while those of flat electrodes are isotropic
and thus unable to provide guidance.
ECL Imaging Analysis of Contact Guidance by Grooves

PC12 and A549 cells were selected to assess the effect of
grooved topography on cell−matrix adhesions of both
fibroblast-like and epithelial cells. Figure 2 and Figure S1
compare the bright field (BF) and ECL images of PC12 and
A549 cells on flat, MG3, and MG6 electrodes, respectively.
PC12 cells on the flat electrode display a characteristic
polarized morphology without preferential orientation (Figure
2a,d). Although PC12 cells on microgrooved electrodes also
show a multipolar morphology similar to those on the flat
electrode, they preferentially orient along the direction of
microgrooves and become more elongated than those on the
flat electrode (Figure 2b,c,e,f). A549 cells on the flat electrode
exhibit a round shape (Figure S1a,d), while those on
microgrooved electrodes display a bipolar appearance and
are obviously elongated (Figure S1b,c,e,f). A549 cells also
orient apparently along the microgrooves on both MG3 and
MG6 electrodes. That is, the distribution of cell−matrix
adhesions is regulated by topographic signals, and both
fibroblast-like and epithelial cells exhibit contact guidance on
prepared electrodes.

To quantitatively comprehend the effect of topography on
cells, we fitted the contour of each cell to an ellipse and further
characterized the angle (θ) between the long axis of the cell
and the microgrooves, as well as the aspect ratio (AR) defined
as the ratio of the long axis to the short axis of the fitted ellipse
(Figure 3a). Cells that orient parallel to the microgrooves are
regarded to possess an orientation angle of 0°, and those
perpendicular to the microgrooves possess an angle of +90 or
−90°.

As shown in Figure 3b, PC12 cells tend to align parallel to
the direction of grooves on the surface of MG electrodes,
showing a large peak between −30 and +30° in the distribution

of cell alignment angles. It should be noted that the full width
at half-maximum (FMHM) of the angle distribution of cells on
MG6 electrodes is wider than that on MG3 electrodes. In
terms of MG electrodes with the same depth of grooves, a
larger groove width allows alignment of cells more randomly,
thus leading to a wider angle distribution on MG6 electrodes
than that on MG3 electrodes. In order to quantify the degree
of cell alignment, we calculated the orientation index F (eq 1)
by examining the average of the second Legendre polynomial,
a commonly used formula in measuring the preferential
directionality in liquid crystals:48

=F
3 cos 1

2

2

(1)

The orientation index will be close to 1 if there is a strong
uniformity between the direction of grooves and the cell
alignment. It will be −0.5 when cells are perpendicular to the
microgrooves. For a random alignment, it will approach 0. In
Figure 3c, cells on microgrooved electrodes give a higher
orientation index, with average orientation indexes of 0.72 and
0.68 on MG3 and MG6 electrodes, respectively. For cells on
flat electrodes, the average orientation index is only 0.29.

We then compared the average of the ARs of cells on flat
and microgrooved electrodes. A larger AR means that the cell
tends to display a more elongated shape. The ARs of cells on
MG3 and MG6 electrodes with averages of 8.27 and 8.53,
respectively, are obviously larger than that on control
electrodes (6.39) (Figure 3d). The adhesion area of cells on
microgrooved electrodes is smaller than that on flat electrodes
(Figure S2), which can be ascribed to the restriction of the
microgrooves to the spreading of cells. Quantitative results of
A549 cells are shown in Figure S3. A549 cells display a random
orientation on the flat electrode but a directional alignment on
microgrooved electrodes (Figure S3a,b). Moreover, A549 cells
are obviously stretched on microgrooved electrodes as the ARs
of cells increase remarkably (Figure S3c). No significant
difference on cell contact guidance is found between cells
cultured on MG3 and MG6 electrodes, so the following
experiments are conducted on MG3 electrodes.
Collective Cell Migration on Microgrooved Electrodes

To better understand the impact of topographic cues on
collective cell migration, we further investigate whether
migration signals can propagate from the leading edge of cell
sheet to the far side. To do this, classical wound healing assays
were conducted on a continuous confluent cell sheet, which
was plated on flat or microgrooved electrodes. Three
experiment conditions were comparatively considered: a
control group with a scratch on the flat electrode (left panels
of Figure 4 and Figures S4−S8), one with a scratch
perpendicular to the grooves (perpendicular condition, middle
panels of Figure 4 and Figures S4−S8), and one with a scratch
along the grooves (parallel condition, right panels of Figure 4
and Figures S4−S8). Under different conditions, ECL images
of the whole cell sheet at different time intervals during the
collective migration were recorded. Furthermore, to intuitively
distinguish the orientations of cell−matrix adhesions, the
vector fields overlaid in ECL images were extracted and
represented as black arrows (Figure 4g−i, Figures S4d−f to
S8d−f). The distribution of directions was further coded in the
form of a colormap (Figure 4j−l, Figures S4g−i to S8g−i). As
displayed by the color bar, red or blue in the colormap stands
for the direction approaching +90 or −90°, respectively;

Figure 3. (a) Schematic illustration of definitions of orientation angle
θ, long axis, and short axis of a fitted ellipse. (b−d) Distributions of
orientation angle (b), orientation index (c), and AR (d) of cells on
flat, MG3, and MG6 electrodes. ∗, p < 0.05; ∗∗∗, p < 0.001.
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namely, the cell orientation in this situation is parallel to the
wound. Light red or light blue represents an orientation close
to 0°, indicating that the cell is perpendicular to the wound; in
other words, the cell migrates toward the wound.

At the very beginning of migration, the orientations of cell−
matrix adhesions are solely under the influence of topographic
cues (Figure S4). After migration for 2 h, the leading cells on
flat electrodes and those under the parallel condition have
already adjusted the orientations of cell−matrix adhesions and
started to migrate toward the wound. The microgrooves can
facilitate the collective migration of cells under the
perpendicular condition, so the cells move along the grooves
directly and do not need to adjust their orientations (Figure
S5).

As can be seen in Figure 4, after the scratch for 4 h, cells
under three conditions all invade the region of the wound
(Figure 4d−f). In particular on the flat electrode and under the
parallel condition, cells in front of the cellular sheet have
already turned their direction perpendicular to the wound,
indicating that cells have emerged in a preferential orientation
and migrated toward the wound, as displayed in the vector
field (Figure 4g,i) and colormap (Figure 4j,l). As shown in
Figure 4k, the color in the colormap is almost light red or light
blue, meaning that the bulk of the cells under the
perpendicular condition indeed orient perpendicularly to the
wound. The migration processes of cells under three
conditions at 8, 12, and 24 h were also recorded and analyzed
(see more details in Figures S6−S8).

To determine where the transition from directed migration
to contact guidance occurs, local cell orientations (represented
by arrows or color codes in Figure 4) ranging from −45 to

+45° are termed as preferential orientations (see the inset in
Figure 5a). It implies that cells with preferential orientations

have a propensity to migrate toward the wound. We then
calculated the proportion of preferential orientations in the
total at different positions and scaled the value between 0 (fully
parallel to wound) and 100% (guided movement) (Figure 5a
and Figure S9). After 4 h of migration on the flat electrode, a
plateau is developed in the leading edge (gray line in Figure
5a), meaning that over 85% of cells have the tendency to move
toward the wound. Almost all cells under the perpendicular
condition orient toward the wound; that is, cells migrate along

Figure 4. (a−c) Schematic illustration of the orientation of the wound relative to electrode topographical features. (d−f) ECL images of the
monolayer of PC12 cells captured after migration for 4 h. Red short lines overlaid in ECL images show local orientations of cells, which are also
shown as black arrows (g−l) and color code graphs (j−l). The left panel (d, g, j) is obtained on the flat electrode, the middle panel (e, h, k)
represents the case where the orientation of the wound is perpendicular to grooves, and the right panel (f, i, l) stands for the condition in which the
orientation of the wound is parallel to grooves. The scale bar in all graphs is 50 μm.

Figure 5. (a) Quantification of the percentage of cells that have
preferential orientations toward the scratch as a function of distance
from the leading edge of cell sheet after migration for 4 h.
Orientations ranging from −45 to +45° are considered as preferential
orientations. The percentage of preferential orientations at other
times is displayed in Figure S9. (b) Time evolution of propagation
distance from the leading edge of cells on flat electrodes (gray line)
and cells under perpendicular (red line) and parallel (blue line)
conditions. The propagation distances are quantified as the distance at
which the curves in (a) and in Figure S9 reach 60%.
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the microgrooves within the region of the sheet (red line in
Figure 5a). As for cells under the parallel condition, the
proportion of cells at the leading edge that have the propensity
for directional migration approaches 100%. As the distance
from the wound increases, the percentage declines rapidly to
nearly 0, indicating that only leading cells have the tendency to
migrate toward the wound and follower cells are still subject to
microgrooves (blue line in Figure 5a).

We define the distance at which the proportion drops to
60% as the propagation distance. The time evolution of the
propagation distance of cells on different electrodes is shown in
Figure 5b. Apparently, the propagation distances of cells in the
control group (gray line) and parallel condition (blue line)
expand with time. Nevertheless, in the parallel condition, a
much smaller slope was obtained. Given the obstacle of
grooved topography for cells to adjust their orientations, the
directional region of cells in the parallel condition broadened
more slowly than that of the control group. The propagation
distance of cells under the perpendicular condition maintains
800 μm during the time of the experiment.

Actin polymerization and cell−matrix adhesions are believed
to play important roles in orchestrating anisotropic traction
stresses and thus driving cell alignment and directional
migration.6,49 To further verify the function of the cytoskeleton
and cell−matrix adhesions in both cell migration and contact
guidance, we partially inhibit cytoskeleton contractility via
blebbistatin (a specific inhibitor of myosin II activity) and
integrin-mediated adhesions via the competitive binding of
RGD (a widely used adhesion motif) to integrins. The
morphological variations of cells under blebbistatin or RGD
treatment are displayed in Figure S10. It can be seen that PC12
cells changed obviously into a dendritic-like shape in the
presence of blebbistatin, which could reduce cell spreading,
stress fiber density, and lamellipodia formation50 (Figure
S10b,e). No noticeable variation of cell shape is observed after
RGD treatment (Figure S10c,f). The comparisons of cell−
matrix adhesion orientations are shown in Figures S11−S13
(see more details in the Supporting Information).

We further quantified the percentages of cells having the
tendency of directional migration in the absence or presence of
blebbistatin or RGD, as shown in Figure 6. In comparison with

cells without drug treatment (Figure 5a), the percentage of
preferential orientations of leading cells under blebbistatin or
RGD treatment drops (Figure 6a,b), indicating that
blebbistatin or RGD blunts the speed of orientation adjust-
ment of cells. The inhibition effect is more intuitively identified
in Figure 6c, as the propagation distance decreases apparently.
In terms of cells cultured on the flat electrode or cells under
the parallel condition, the propagation distance of cells treated
with drugs drops to approximately half of that without
treatment. Also, the propagation distance of cells under the
perpendicular condition remains unchanged. However, bleb-
bistatin or RGD has little effect in disrupting contact guidance
of the cell monolayer. As shown in Figure S13, under the
parallel condition, such inhibition allows cells at the far side of
the wound to maintain parallel to the wound, meaning that
those cells still follow topographic alignment. These findings
prove that actin polymerization and cell−matrix adhesions play
important roles in altering cell directionality and therefore
affecting oriented migration but not contact guidance of
fibroblast-like cells.

■ CONCLUSIONS
In summary, the effect of topographical cues on cell−matrix
adhesions and collective cell migration was studied by surface-
sensitive ECL microscopy. By introducing microgrooved
electrodes into the system, we first examined the guidance of
topography on cell−matrix adhesions and then investigated the
influence of grooves on collective cell migration and the
function of the cytoskeleton and adhesions in both alignment
and migration. The results showed that cell−matrix adhesions
of both fibroblast-like and epithelial cells behaved in a
microtopography-type dependent manner. Moreover, the
microtopography could hinder cells from adjusting their
orientations when the direction of grooves was perpendicular
to that of directional migration, thus regulating collective cell
movement, while it could accelerate cell movement if the
direction of grooves was consistent with migration. Under the
treatment of blebbistatin or RGD, we found that inhibiting
cytoskeleton contractility or cell−matrix adhesions could
attenuate the speed and region of forming preferential
orientations, but had no influence on contact guidance of
follower cells. This work provides insight into the effect of
ECM topography in regulating cell behaviors and holds
promise, as a new method, to continue to appraise the role
of other physical signals in in vitro cell culture models and thus
provide theoretical support for the design of implanted medical
devices and tissue engineering.

■ ASSOCIATED CONTENT
*sı Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/cbmi.3c00066.

BF and ECL images of A549 cells on different
electrodes; area of PC12 cells quantified from ECL
images; quantitative analysis of A549 cells on different
electrodes; imaging collective cell migration right after
the scratch and 2, 8, 12, and 24 h after the scratch;
percentage of cells having preferential orientations
towards the scratch at different time intervals;
morphological change of cells under drug treatment;
collective cell migration on flat electrodes, under

Figure 6. (a) Quantification of the percentage of cells that have
preferential orientations as a function of the distance from the leading
edge of cell sheet on flat electrodes (gray line) and under
perpendicular (red line) and parallel (blue line) conditions with
blebbistatin (Blebb) treatment. The percentage was calculated after
migration for 4 h. (b) All conditions are the same as those in (a),
except that cells were treated by RGD. (c) Comparison of
propagation distances of cells with and without blebbistatin or
RGD treatment.
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perpendicular condition, and under parallel condition
with drug treatment (PDF)
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