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Effect of topography parameters on cellular morphology
during guided cell migration on a graded micropillar surface
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Purpose: Guided cell migration refers to the engineering of local cell environment to specifically direct cell migration and has im-
portant applications such as utilization in cell sorting and wound healing assays. Graded micropillar surfaces have been utilized for
achieving guided cell migration. Topographic parameters such as micropillar diameter and spacing gradient may have effects on the
morphology of attached cells. It is critical to understand this interaction between the cells and the underlying microscale structures.
Methods: In this study, a graded micropillar substrate has been fabricated to investigate the effects of the microtopography on the cell
morphology in terms of the cell aspect ratio and cell circularity. Results: It is found that 1) with the increase of the micropillar diameter,
the cell aspect ratio has no significance change. At the small spacing gradients, the aspect ratio is smaller than that at the large spacing
gradients; 2) statistical analysis shows both the micropillar diameter and spacing gradient have no significant effect on the cell aspect
ratio compared to the flat surface; 3) the cell circularity at the small micropillar diameters is higher than that at the large micropillar
diameters. The cell circularity at the micropillar gradient of 0.1 um is higher than those at the other micropillar gradients; 4) three mi-
crotopographic conditions are considered to have statistically significant effect on the cell circularity compared to the flat surface, in-
cluding the micropillar diameters of 5 pm and 10 um and the spacing gradient of 0.1 pm.
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the self-assembly of cells by controlling their adhe-
sion and differentiation [19].
The interaction between cells and the local envi-

1. Introduction

The utilization of the local environment to control
cell behaviors is a phenomenon with various potential
applications. For instance, cell guidance, which refers
to the tuning of local cell environment to specifically
direct cells, has been used in applications such as the
soring of cells [16], wound healing [14], and the diag-
nosis and treatment of specific infections and injuries
[6]. The reconstruction of entire tissues such as corneal
substitutes and vascular grafts has been performed in
vitro by the utilization of topographical substrates to
enable cell guidance. Similarly, the modification of
the local environment has also been utilized to enable

ronment mainly occurs via biological features of the
cells, the filopodia and lamellopodia, which are protru-
sions on the plasma membrane incorporating a large
amount of actin [10]. These filopodia are localized at
the leading cell edge and use the mechanism of con-
tact angle sensing to probe the microenvironment. Dif-
ferent sizes of topographical features have been reported
to have different effects on cell behaviors. For instance,
at that nanoscopic scale, the subcellular mechanisms
(e.g., neurite sensing and filopodial orientation) are
primarily affected [4], and at the microscopic scale, the
local topography has effects on the whole cell behav-
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iors, such as cell morphology [15]. The extracellular
matrix (ECM) is a complex meshwork that is present
within all biological structures, such as organs and tis-
sues, which functions as a framework to connect cells
together. The ECM has been observed to be critical for
the regulation of cell behaviors such as morphogene-
sis, differentiation, and homeostasis in organisms [7].
The ECM is mainly comprised of collagen fibers with
a range of diameters from 1-25 pum [5]. Thus, it is
important to understand the effects of microscale ECM
geometries on the cell behaviors.

Recent studies have established a specific mecha-
nism of cell interaction with topographic features for
guided cell migration, termed topotaxis [18]. Primar-
ily, the filopodia of cells tend to sense the cell contact
area, and orient and direct the cells towards an optimal
zone where the cells can possess a greater cell contact
area. Typically, cells tend to migrate towards the sparse
fiber zone from the dense fiber zone in order to maxi-
mize the cellular contact area with the ECM [18].
Multiple studies have reported the cell behaviors due
to topography sensing, with an emphasis on the mi-
gration properties. For example, anisotropic nanoto-
pographic surface gradients were shown to influence
the cell shape and migration of 3T3 fibroblasts [11].
Specifically, it was observed that along sparse gradi-
ents of a graded nanogroove surface, cells tended to
orient themselves randomly similarly to cells adhered
on flat non-graded surfaces, while on dense gradients,
cells were shown to elongate longer along the direc-
tion of the grooves. Park et al. [17] reported that inva-
sive and non-invasive melanoma cancer cells tended
to exhibit the migration in opposite directions, due to
differences in their relative stiffness. The interaction
of MC3T3-E1 osteoblast cells with response to mi-
cropillars was investigated by Hui et al. [9], and they
noted an increase in migration speed of cells when the
spacing between micropillars was increased. The ef-
fect of anisotropically stiff micropillars on cell mor-
phology and elongation was demonstrated by Alapan
et al. [1], and the preferential elongation of cells along
the stiffer areas was reported.

The interaction between cells and the ECM is criti-
cal for understanding tissue development and regenera-
tion. Prior studies have focused mainly on effect of
topography on cell migration properties such as mi-
gration speed. However, at the microscopic scale,
effect of the local topography on the cell morphology
is still missing. Thus, it is very important to under-
stand the interaction between the cells and the micro-
scale structures in terms of cell morphology. In this
study, a graded micropillar substrate has been fabri-
cated to mimic the fiber of ECM. The objective of this

paper is to study the effect of graded microscale struc-
tures on cell morphological features. This paper is
organized in the following manner. First, the experi-
mental materials and methods are introduced in detail.
Second, the effects of micropillar diameter and micro-
pillar gradient on cell aspect ratio and circularity are
studied. Finally, the major conclusions from the study
are listed.

2. Materials and methods

2.1. Micropillar substrate fabrication

The natural ECM is typically represented by three
types of topographic features, including posts, pits,
and grooves. Micropost arrays possess high sensitivity
to the contractility of cells, and the tuning of geometric
parameters, such as the diameter and the post-spacing
gradient, can result in the tailoring of substrate stiff-
ness [2]. The fabrication of microtopographic surface
is a combination of a maskless lithography technique
and capillary molding method. The lithography tech-
nique is utilized to make the silicon master mold. The
materials used are a negative photoresist (SQ-10,
KemLab, Woburn, MA), a silicon wafer (University-
Wafer, Inc., Boston, MA), and a chemical developer
(HARE SQ Developer, KemLab, Woburn, MA). In
the capillary molding, the materials used are polydi-
methylsiloxane elastomer (PDMS, Sylgard 184, Dow
Corning, Midland. MI), and gelatin (Gelatin Type A,
MP Biomedicals, LLC, Solon, OH).

The micropillar substrate was fabricated using the
following highlighted in Fig. 1. The silicon wafer with
a diameter of 4 inches was coated with a 30-pum layer
of the photoresist using a spin coater. The coated sili-
con wafer was exposed to a UV source with a wave-
length of 385 nm and an intensity of 500 mW/cm®
in the maskless lithography machine (Durham Mag-
neto Optics ML3, Durham, UK). Then, the silicon
wafer was subjected to a post-exposure baking and
development process using the chemical developer for
2.5 minutes, which resulted in the silicon master
mold. The PDMS was coated on the silicon master
mold to make the PDMS patterns using the capillary
molding at 65 °C for 4 hours. Finally, two-step sur-
face treatment was utilized on the PDMS micropat-
terns in order to facilitate the proper attachment of
cells. The surface treatment process includes corona
arc discharge and coating of a gelatin layer using the
0.1% (w/v) gelatin solution.
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Fig. 1. Fabrication of graded micropillar substrate

2.2. Cell culture and seeding

In this study, fibroblasts were used as the model
cells, due to their wide utilization in a variety of ap-
plications in 3D bioprinting [12], tissue engineering
and regeneration [22], and cell migration studies [21].
NIH 3T3 mouse fibroblasts (ATCC, Rockville, MD)
were cultured inside a humidified 5% CO, incubator at
37 °C in Dulbecco’s Modified Eagles Medium (DMEM;
Sigma-Aldrich, St. Louis, MO) supplemented with 1%
antibiotic/antimycotic solution (Corning, Manassas, VA)
and 10% fetal bovine serum (FBS; HyClone, Logan,
UT). Prior to usage in the study, the detachment of
cells was performed by the addition of 0.25% Tryp-
sin/EDTA (Sigma-Aldrich, St. Louis, MO) at 37 °C
for 3 minutes. The cell suspension was centrifuged at
1000 rpm for 5 minutes. The resultant cell pellet was
resuspended in the cell culture medium at a cell con-
centration of 1 x 10° cells/em’. Cell seeding on the
micropatterns was performed by adding 0.1 cm’® of
the bioink on the fabricated micropillar substrate fol-
lowed by incubation for twelve hours at 37 °C to
facilitate cell attachment. Further details regarding
cell culture procedures can be obtained from our
earlier paper [23].

2.3. Morphology characterization

The cells were fixed and permealized using 4%
formaldehyde (Santa Cruz Biotechnology Inc., Dallas,
TX), which was followed by the staining of the mem-
brane with phalloidin (Santa Cruz Biotechnology Inc.,
Dallas, TX) and the staining of the nucleus with 4'-6-

-diamidino-2-phenylindole (DAPI) (Santa Cruz Biotech-
nology Inc., Dallas, TX). Imaging was then performed
using a fluorescence microscope (EVOS FL, Thermo
Fisher Scientific, Waltham, MA). The cell images
were viewed and assessed using the software Imagel
developed by the National Institutes of Health. Spe-
cifically, the cell aspect ratio and circularity were
measured and compared on the sparse side and the
dense side. The aspect ratio is defined as the ratio of
the major axis to the minor axis of the cells. The cell
circularity is the ratio of the area of the cells and the
area of a circle that has the same perimeter of the
cells. Mathematically, the cell aspect ratio is calcu-
lated using the following equation [15]:

AR=2
X
where AR is the cell aspect ratio, y is the length of the
cell major axis or the longest length of the cell, and
x is the length of the cell minor axis or the length of
the cells in the perpendicular direction to the cell ma-
jor axis. The cell circularity is calculated using the
following equation [15]:

4-7-A
= 2 5

p

C

where C is the cell circularity, 4 is the area of the cell,
and p is the cell perimeter. Cell circularity reflect-
ing the shape of the cells is influenced by the cyto-
skeleton of cells which reorganizes based on the
microenvironment (in this case, topography of sub-
strates). A circularity of 1 implies that the cells have
not attached, and there is no cytoskeletal reorganiza-
tion. Lower cell circularities imply that there has been
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some cytoskeletal reorganization of cells resulting in
less circular shapes.

The geometric parameters influencing the cell mor-
phology on the graded micropillar substrate are the di-
ameter of the micropillars and the micropillar spacing
gradient. This study focused on the effects of the mi-
cropillar diameter and spacing gradient on the cell
aspect ratio and circularity. The micropillar diameter
ranged from 5 to 20 um with an interval of 5 um, and
the micropillar spacing gradient ranged from 0.1 to
0.4 pum with an interval of 0.1 um. In the vertical di-
rection, the space between the adjacent micropillars
was constant at 2 pm. In the horizontal direction, the
space between the adjacent micropillars was changing
with a spacing gradient of 0.1-0.4 um. The minimum
starting space was 2 um, and it increased by 0.1-0.4 um
for each row of the rest from the left to the right. The
cell aspect ratio and circularity on the graded micro-
pillar substrate were compared with those on the flat
surface. One-way ANOVA was used to characterize
the significance, and 40 data points were used in each
case.

3. Results

In Figure 2a, the fabricated graded micropillar
substrate as well as the zoom-in view of individual
micropillars are shown. The micropillar diameter is
10 um, and the micropillar spacing gradient is 0.1 pm.
The left side is the dense zone where the micropillars
are closer with each other. The right side is the sparse
zone where the micropillars are further away from
each other. It can also be seen in Fig. 2b that the cells
are successfully seeded on the graded micropillar sur-
face. The preliminary results presented in Fig. 3 have
demonstrated that the cells can sense the topographic
gradient and migrate from the sparse zone to the dense
zone. At 0 hours, 52% of cells were in the sparse
zone, and 48% of cells were in the dense zone. The
cells were randomly seeded on the graded micropillar
substrate. However, at 12 hours, only 21% of cells
were in the sparse zone, while 79% of cells were in
the dense zone.

This paper focuses on cell morphology on the
graded micropillar substrate in terms of the cell as-
pect ratio and circularity. Specifically, Section 3.1
investigates the effects of the micropillar diameter
and spacing gradient on the cell aspect ratio. Section
3.2 investigates the effects of the micropillar diame-
ter and spacing gradient on the cell circularity. The
cell aspect ratio and circularity on the graded micro-
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Fig. 2. (a) Fabricated graded micropillar substrate
and (b) representative cells attached on the substrate
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Fig. 3. Demonstration of cell migration from the sparse zone
to the dense zone on the graded micropillar substrate
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pillar substrate were compared with those on the flat
surface to evaluate the cell attachment. The micro-
pillar diameter ranged from 5 to 20 pm with an in-
terval of 5 um, and the micropillar spacing gradient
ranged from 0.1 to 0.4 um with an interval of 0.1 um.
The micropillar height was fixed as 30 pm. The
minimum micropillar spacing was 2 pum, and the
maximum micropillar spacing was 12 pm. The aver-
age contact areas for individual pillars with different
pillars were 78.5 um? for 5 pm, 314.2 pm? for 10 pum,
706.7 um® for 15 pm, and 1256.6 pm® for 20 pm.
Each cell is an individual single cell without contact
with other cells.

3.1. Cell aspect ratio

The cell aspect ratio is defined as the ratio of the
longest length of the cell and the length of the cell in
the perpendicular direction to the major axis. Typi-
cally, a higher aspect ratio indicates a greater elonga-
tion in the cell morphology [15]. For the fibroblasts,
the aspect ratio has been utilized to evaluate the at-
tachment of the cells to the substrate. The higher as-
pect ratio of the cells indicates a greater level of adhe-
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Fig. 4. Effects of (a) micropillar diameter
and (b) micropillar spacing gradient on aspect ratio

sion to the substrate. This is due to cellular elongation
being preceded by the alignment of focal adhesions to
the substrate with a greater number of adhesion sites
along a particular direction resulting in the greater
polarization and elongation of cells [20].

In Figure 4, the comparison of the cell aspect ratio
between the graded micropillar substrate and flat sur-
face is shown. In Figure 4a, the effect of the micro-
pillar diameter on the cell aspect ratio is shown. It can
be seen that the cell aspect ratios are 2.7 for the mi-
cropillar diameter of 5 um, 2.8 for the micropillar
diameter of 10 um, 3.3 for the micropillar diameter of
15 pum, and 2.8 for the micropillar diameter of 20 pm,
respectively. With the increase of the micropillar di-
ameter, the cell aspect ratio is in the range of 2.7-3.3.
The cell aspect ratio on the flat surface is also meas-
ured to be of 2.9, which is similar to reported aspect
ratio values for 3T3 fibroblasts [3].

It can be seen from Fig. 4a that the cell aspect ratio
on the graded micropillar surface is similar to that
on the flat surface. One-way ANOVA was used to
compare the average aspect ratios on the micropat-
terned surface and on the flat surfaces. For an as-
sumed alpha level of 0.05, there was no significant
difference observed between the average aspect ratios
on the patterned surfaces and the flat surfaces. This
indicates a consistent level of attachment on the graded
micropillar substrate. In addition, in Fig. 5, the fre-
quency distribution of the aspect ratio of cells on vari-
ous micropillar diameters is listed. It can be seen that
in all cases, the majority of cells have aspect ratios in
the range of 1-4.

In Figure 4b, the effect of the micropillar gradi-
ent on the cell aspect ratio is shown. It can be seen
that the aspect ratio at the small spacing gradients is
smaller than that at the large spacing gradients. For
instance, the cell aspect ratios at the micropillar
spacing gradients of 0.1 um and 0.2 pm are 2.8 and 3.0,
while at the micropillar spacing gradient of 0.3 um
and 0.4 um they are 3.8 and 3.6. The top of the mi-
cropillars is the potential focal adhesion point for
cells. When the micropillar spacing gradient is smaller,
the number of micropillars per unit area is larger,
which provides more adhesion points for the cells to
attach well. However, when the spacing gradient is
larger, the number of micropillars per unit area is
smaller, which may require the cells to elongate
more, in order to properly attach to an adhesion
point. Thus, there is a larger aspect ratio for the larger
micropillar spacing gradients. It can be seen from
Fig. 4b that the cell aspect ratio at various micro-
pillar spacing gradients is similar to that on the flat
surface.
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Fig. 5. Frequency distribution of aspect ratios for:
(a) 5 pm (SD: 1.13), (b) 10 pm (SD: 1.5), (¢) 15 um (SD: 1.9)
and (d) 20 pm micropillar diameters (SD: 1.02)

In Figure 6, the representative cells on these two
zones are shown. On the sparse zone, the cell polari-
zation angle is 26°, while on the dense zone the cell
polarization angle is 60°. However, the illustrated
cells have similar aspect ratios of 2.9 in the dense

zone and 3.3 on the sparse zone, in spite of vastly
different cell orientations.

Density gradient

25 pm

Fig. 6. Cell from the dense zone and sparse zone
from a graded micropillar substrate with aspect ratios
of 2.9 and 3.3, respectively

3.2. Cell circularity

The cell circularity is defined as the ratio of
the area of the cells and the area of a circle that has
the same perimeter of the cells. This section focuses
on the effects of the micropillar diameter and spac-
ing gradient on the cell circularity on the graded
micropillar substrate. The micropillar diameter ranges
from 5 to 20 um with an interval of 5 um, and the
micropillar spacing gradient ranges from 0.1 to
0.4 pum with an interval of 0.1 pm. In Figure 7, the
representative cell morphologies at different micro-
pillar diameters of 5-20 um are shown. The outline
of the cells is marked.

In Figure 8, the effect of the microtopography on
the cell circularity on the graded micropillar substrate
and the flat surface is shown. In Figure 8a, the effect
of the micropillar diameter on the cell circularity is
shown. It can be seen that the cell circularity at the
small micropillar diameters is higher than that at the
large micropillar diameters. At the micropillar di-
ameters of 5 um and 10 um the cell circularities are
0.45, while they are 0.34 and 0.29 at the micropillar
diameters of 15 um and 20 um. The cells at the small
micropillar diameters are more rounded, while they
are more elongated at the large micropillar diameters.
This is due to a less available attachment area on the
top of the small micropillars. The larger micropillars
thus offer a greater focal adhesion area, which may
result in better attachment and reduced circularity.
The average contact area of individual micropillars
increases significantly from 78.5 pm? for 5 um micro-
pillars to 1256.6 pm® for 20 um micropillars.
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10 um

Fig. 7. Representative cell morphologies on the grade micropillar substrates with different micropillar diameters.
The circularity values are 0.45, 0.48 0.38, and 0.37 for the micropillar diameters of 5, 10, 15, and 20 um, respectively
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Fig. 8. Effects of (a) micropillar diameter and (b) micropillar spacing gradient on cell circularity

In Figure 8b, the effect of the micropillar spacing
gradient on the cell circularity is shown. It can be seen
that the cell circularity at the micropillar gradient of
0.1 um is higher than those at the other micropillar
gradients. At the micropillar spacing gradient of 0.1 um,
the cell circularity is 45%. However, the cell circular-
ity at the micropillar spacing gradients of 0.2—0.4 um is
only 28-30%. Moreover, one-way ANOVA was used
to compare the cell circularities on the graded micro-
pillar surface and the flat surface. It is found that the
micropillar spacing gradient of 0.1 um causes a statis-
tically significant increase in the circularity compared
to the flat surface, while the micropillar substrates
with other spacing gradients of 0.2-0.4 um are statis-
tically identical to the flat substrate. It is probably
because of physiological sensing limit of the cells to the
underlying topographic gradient. For instance, some
earlier studies have indicated the limits of gradients
that cells can sense and react appropriately, such as
for cell migration [8]. Different cell types have dem-
onstrated to react to different gradients, indicating a fun-
damental biological difference in sensitivity between
various cell types [17]. In this study, the 3T3 fibro-
blasts seem to be very sensitive to a spacing gradient
of 0.1-0.2 um, above which there is minimal effect on
cell attachment.

In Figure 9, a frequency distribution of the cell cir-
cularities at different micropillar diameters is shown. It
can be seen that for the smaller micropillar diameters
of 5 um and 10 pm, the most frequency of the cell
circularities is in the range of 0.4—0.5, while for the
larger micropillar diameters of 15 pm and 20 pm,
the most frequency of the cell circularities occurs
between 0.2—-0.3. Moreover, the distribution of the cell
circularities is preferentially to the smaller levels with
the increasing diameter, indicating that increasing the
diameters may induce larger clongation in the at-
tached cells. For example, at the micropillar diameter
of 5 um, around 45% of the cells have circularities of
0.4-0.5. At the micropillar diameter of 10 pum, this
decreases to around 30%. At the micropillar diameter
of 15 um, over 35% of the cells have circularities of
0.2-0.3, which increases to 70% for the micropillar
diameter of 20 um. At the spacing gradient of 0.1 pum,
the cell circularity is considered as significantly dif-
ferent from that on the flat surface. The graded micro-
pillar substrate has two zones: sparse zone and dense
zone. Typically, the cells migrate from the sparse zone
to the dense zone. The cell circularities in the sparse
and dense zones are compared and are very close. The
average cell circularities are 0.46 in the sparse zone
and 0.44 in the dense zone. Hence, the spacing dis-
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tance between the adjacent micropillars has a negligi-
ble effect on the cell circularity. In Figure 10, the fre-
quency distribution of the cell circularity at different
spacing gradients is shown. It can be seen that for all
the spacing gradients, the distribution in circularities
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(a) 5 um (SD: 0.12), (b) 10 um (SD: 0.12), (c) 15 um (SD: 0.14),

and (d) 20 pm micropillar diameters (SD: 0.08)

is similar, with the most frequency of cell circularity

in 0.2-0.3. In Figure 11, the frequency distribution of
the cell circularities on both zones is presented. It can
be seen that both distributions are similar, and the

most frequency of the cell circularities is 0.2—0.3.

~
o N A X6 o A o
Q- Qr} Q’b Q- Q- Q- Q- Q-
(a) Circularity

N N S NN

(b) Circularity

NN N N R

() Circularity

o N’ A Y8 o A & 7
Q- Q('» Qﬁb Q- Q- Q- Q- Q-
(d) Circularity
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and (d) 0.4 um spacing gradients (SD: 0.14)
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4. Discussion

In this paper, the cells have been successfully guided
to migrate from the sparse zone to the dense zone. The
cell polarization angle plays an important role in the
guided cell migration. The cell polarization angle has
been quantified in both the sparse zone and the dense
zone. It can be seen that the micropillar substrate sig-
nificantly affects the cell polarization angle in different
zones. The average polarization angle in the sparse
zone is only 26° while the average polarization angle in
the dense zone is 60°. This indicates that the cells are
oriented in the direction of the space gradient in the
sparse zone, which is also the cell migration direction.

One-way ANOVA was used to determine the sig-
nificance in the difference of the cell aspect ratios on
the micropatterned surface and the flat surface. The
p-values are 0.3, 0.8, 0.1 and 0.2 at the spacing gradi-
ents of 0.1, 0.2, 0.3 and 0.4, respectively. The lack of
statistical significance indicates that the cells have simi-
lar levels of attachment to the micropatterned surfaces,
as they have to flat surfaces. One-way ANOVA, with an
assumed confidence level of 95%, was used to com-
pare the cell circularity on the graded micropillar sur-
face and the flat surface. The cells on the flat surface
have an average circularity of 0.3, which is similar to

other reported circularity for 3T3 fibroblasts [13]. It is
found that for the smaller micropillar diameters of 5 um
and 10 um, the p-values are less than 0.05, representing
a significant increase in the average circularity com-
pared to the flat surface. However, for the larger micro-
pillar diameters of 15 um and 20 pm, the p-values are
greater than 0.05, indicating no significant difference
in the cell circularity compared to the flat surface.
There are two possible reasons. Larger micropillars
offer greater areas for the cells to attach and elongate,
with a similar effect to the cell spreading on the flat sur-
face. The filopodia from the leading edge of the cells
have greater space to attach on the neighboring micro-
pillars. The cells may have a physiological limit be-
yond which the cells sense the underlying microtopog-
raphic surface as a flat surface. Moreover, it is reported
that the cells attach better on stiffer substrates [24]. In
this study, the cells attach on the graded micropillar
substrate. The stiffness of the micropillar substrate is
proportional to the fourth power of the micropillar di-
ameter. Hence, the cells have reduced circularities due
to better attachment on the larger micropillars.

Guided cell migration in this study is a unique
phenomenon due to the responses of cells to underly-
ing topography. By tailoring the local topographic
environment, the cells are successfully guided to mi-
grate in a preferred direction. There are several poten-
tial applications of guided cell migration including
cell sorting, wound healing, cancer cell detection and
grading, to name a few. For example, different types
of cells have different migration behaviors due to their
different stiffnesses. By optimizing the topographic
parameters, mixture of multiple types of cells can be
separated. In addition, cancer grade is a critical factor
in the diagnosis and subsequent treatment, which de-
scribes how abnormal the cells are compared to normal
and healthy cells, and is of great importance in deter-
mining the prognosis, and the nature and intensity of
treatment path. Cancerous mutations cause an alteration
in the stiffness of cells through change of internal pro-
tein scaffolds within the cells. The increased cellular
stiffness has been directly correlated with cancer ag-
gressiveness, which results in different migration be-
haviors on the micropillar substrates. By adding the
chemoattractant, the fibroblasts are guided to migrate
towards the wounds aiming at wound healing.

5. Conclusions

In this study, a graded micropillar substrate has
been fabricated to investigate the effect of the micro-
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topography on the cell morphology in terms of the cell
aspect ratio and cell circularity. Cell aspect ratio rep-
resents the ratio of the longest cell length to the short-
est length. A higher cell aspect ratio implies better cell
attachment and proliferation performance. With the
increase of the micropillar diameter, the cell aspect
ratio has no significance change. At the small spacing
gradients, the aspect ratio is smaller than that at the
large spacing gradients. Statistical analysis shows that
both the micropillar diameter and spacing gradient
have no significant effect on the cell aspect ratio com-
pared to the flat surface. Cell circularity reflects the
shape of the cells. A circularity of 1 implies that the
cells have not attached, while cell circularities smaller
than 1 imply the attachment of cells. The cell circu-
larity at the small micropillar diameters is higher than
that at the large micropillar diameters. The cell circu-
larity at the micropillar gradient of 0.1 pm is higher
than those at the other micropillar gradients. Three
microtopographic conditions are considered to have
statistically significant effects on the cell circularity
compared to the flat surface, including the micropillar
diameters of 5 pm and 10 um and the spacing gradient
of 0.1 um. Future work may involve the tailoring of
the micropillar substrates to induce cell patterning and
cell sorting.
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