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Technique

A New Approach to Study Fibroblast
Migration

Bhavani P. Thampatty and James H.-C. Wang*

MechanoBiology Laboratory, Departments of Orthopaedic Surgery,
Bioengineering, and Mechanical Engineering, University of Pittsburgh,
Pennsylvania

This paper presents a new approach to study cell migration. Human tendon fibro-
blasts were plated on silicone membranes coated with 10 pg/ml ProNectin-F. The
silicone surfaces were micro-fabricated with parallel microgrooves, with 10 pm
ridge and groove width, and 3 pm groove depth. Fibroblasts grown in the micro-
grooves had an elongated shape and oriented along the microgroove direction.
They also moved along the same direction instead of “random walk” when cells
migrate on smooth culture surfaces. In response to TGF-1 (5 ng/ml) treatment,
these fibroblasts on the microgrooved surfaces were differentiated into myofibro-
blasts, as judged by an elevated expression of a-smooth muscle actin (a-SMA), a
specific marker for myofibroblasts. Moreover, these myofibroblasts were found to
be ~30% less motile compared to that of untreated fibroblasts. Thus, use of
microgrooved surface may be an effective approach to detect difference in cell
motility because cell migration on the microgrooved surface is one dimensional
and hence easier to be quantified than two-dimensional random movement on

conventional smooth culture surfaces. Cell Motil. Cytoskeleton 64:1-5, 2007.
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INTRODUCTION

Cell migration is a fundamental cellular process for
normal development and homeostasis of tissue and
organ. It is an essential characteristic of both physiologi-
cal and pathological processes such as vascular and
inflammatory diseases [Li et al., 2005]. It also plays a
vital role in wound healing, tissue morphogenesis, angio-
genesis, and metastasis [Webb et al., 2005]. Highly spe-
cialized cells such as fibroblasts are able to actively
migrate within tissues. In wound healing, for example,
fibroblasts migrate to the wound site for repairing dam-
aged tissue and thereby heal the wound. During tissue
healing, fibroblasts acquire contractile features by differ-
entiation into myofibroblasts, which express a specific
marker a-smooth muscle actin (ax-SMA) [Jester et al.,
1995]. TGF-B1 has been shown to be a potent inducer of
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a-SMA [Jester et al., 1999; Dalton et al., 2001]. TGF-31
also has been shown to inhibit cell migration in mono-
layer wound assays [Tian and Phillips, 2003].

Because of the crucial role of cell migration in
wound healing, several methods have been developed to
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Fig. 1.

Microgrooved silicone substrate with human tendon fibroblasts. Note that there are no cells on

the left side of the image due to scratching. The black area in the bottom right corner is the ink dot used
for a reference point to track cell movement. Also note that the arrows point to the same cell at the begin-
ning of the experiment (A) and at the end of experiment, that is, 12 h later (B).

study cell migration [Kumar et al., 2005]. The cell
monolayer wounding system is one of the most common
methods to study cell migration in vitro. In these meth-
ods, cells are plated on a bare glass or plastic surface
coated with a matrix protein, such as fibronectin or poly-
L-lysine [Rodriguez et al., 2005]. On these smooth cul-
ture surfaces, cells do “random walk” and their move-
ment is two-dimensional. As a result, the analysis of ran-
dom movement is complicated and interpretation of cell
migration changes due to experimental treatments is not
straightforward. Therefore, it is necessary to develop a
new method to study cell migration more effectively.
The purpose of this study was then two-fold: (1) to de-
velop a new technique for studying cell migration in
one-dimension, (2) to apply such a new method to deter-
mine the motility of myofibroblasts compared to that of
fibroblasts. Herein we report that microgrooved silicone
surfaces can be used to align fibroblasts and control cell
migration in such a way that their movement is along
one direction. Using this new method, we show that
myofibroblasts that are differentiated from fibroblasts in
response to TGF-31 treatment are less motile compared
to non-treated fibroblasts.

MATERIALS AND METHODS
Preparation of Microgroove Surface

Microgrooved silicone membranes were made
according to a procedure described previously [Wang
et al., 2004, 2005]. Before use, the membranes were
sterilized by autoclaving. The microgrooves were 10 um
in groove and ridge width, and 3 pm in groove depth. A
syringe needle containing Sanford waterproof black
India ink was used to apply dots on the microgrooved sil-
icone membranes. These dots which were placed in a
line perpendicular to the microgrooves were fixed to the

T=0 Microgroove
|
No-cell zone ~ <@ > Ridge
|

Ink dot
T=2h

72265772 fibroblast!

- —

"
X

1 : ]

D —b

I
:4_
L]
Fig. 2. An illustration of calculating cell migration on the micro-
grooved substrate. The distance of cell migration between two obser-
vation points (say, 7 = 0 and 2 h) were determined by image analysis
of two images taken at the two time points. Note that the black dot at
the corner of the no-cell zone was used as a reference point for meas-

uring cell migration. Note that D is the distance a cell migrated
between two time points.

membrane and thus were used as reference points
(Fig. 1). Using these ink-dots as reference points, cell
movements on the microgrooved membrane surface
were tracked.

Cell Culture

Human patellar tendon fibroblasts (HPTFs) were
isolated from tendon samples of a healthy male donor
(age 21 years). The protocol for obtaining tendon sam-
ples was approved by the Institutional Review Board of
the University of Pittsburgh Medical Center (IRB
#0407060). Briefly, tendon samples were washed thor-
oughly with PBS (Life Technologies, Rockville, MD),
minced in Petri dishes aseptically, and transferred to 100
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Fig. 3. A representative Western blot of a-SMA protein expression.
TGF-B1 induced fibroblast differentiation into myofibroblasts, as evi-
denced by increased a-SMA expression levels. At least three separate
experiments were performed and consistent results were obtained.

mm polystyrene Petri dishes. The cells were cultured in
DMEM, containing 10% fetal bovine serum (FBS), 50
U/mL penicillin, and 50 U/mL streptomycin (P/S; Life
Technologies, Rockville, MD). The culture was main-
tained in a humidified atmosphere of 5% CO, at 37°C
and subcultured up to six passages. Cell morphology and
doubling time did not exhibit apparent changes between
these passages.

To promote the adhesion of fibroblasts to silicone
surfaces, ProNectin-F (Sigma, St. Louis, MO) at 10 pg/
ml in PBS was used to coat microgrooved membranes in
the six-well plates for 30 min. After washing the mem-
branes with PBS twice, HPTFs in the sixth passage were
plated on the microgrooved membranes at 10*/cm? in
DMEM containing 1% FBS in the first three wells of the
six-well plate. These three wells were designated the
control group. In the remaining three wells, the same
concentration of cells was added with the same media,
except containing 5.0 ng/ml of TGF-B1. The selection of
the TGF-B1 dosage was based on previous studies which
used dosages ranging from 1 to 10 ng/ml [Ellis and
Schor, 1998; Bakin et al., 2002; Song et al., 2002]. This
group of wells was designated as the experimental group.
This six-well plate was incubated for 24 h at 37°C and
5% CO,. After 24 h, a 2-ml pipette was used to make a
rough scratch perpendicular to the microgrooves, thereby
removing all cells along the scratch. The scratch was
made adjacent to a row of ink dots. These detached cells
were removed by replace the media with fresh ones.

Data Collection and Analysis

A CCD camera along with an image-grabbing soft-
ware (Diagnostic Instruments, MI) were used to take
microphotographs of at least 50 cells at 200X magnifica-
tion in the no-cell zone. All digital photos were done in
sets, with each set having at least one photo of an ink
dot. A point on the ink dot was referred to as the origin
(Fig. 2). Then, using the mobile base of the microscope,
photos were taken at two varying points along the y-axis,
and thus the x-coordinate of the origin remained con-
stant. Images were taken every 2 h for 12 h (i.e., T = 0,
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T=2...T=12). Because of a low number of cells, the
short period between time points, the high quality of
phase contrast images, and the short distance of migra-
tion (<200 pum) along one direction (i.e. the microgroove
direction), cells were easily distinguished at each of the
time points (Fig. 1). Also note that to avoid the possible
differential effects of ridges and grooves on cell migra-
tion, only cells on ridges of the microgrooved substrate
were sampled for cell migration analysis.

At least 50 cells from each group were analyzed
using Adobe Photoshop CS 8.0. Cells on the micro-
grooves only moved along the microgroove direction,
which is defined as x-axis. The origin’s x-coordinate was
first recorded. Then, the x-coordinate of the center of a
chosen cell, which is the average of the leftmost and
rightmost points of the cell, was subtracted from the ori-
gin, which yield the distance the cell was away from the
origin. Note that the distance was calculated using the
groove width (10 um) as a reference length.

Three migration measures, i.e., net movement,
absolute net movement, and total movement, were used
to quantify fibroblast migration on the microgrooved
substrate. Net movement is the difference in distance of
a cell from the origin at T = 12 and the distance of a cell
from the origin at T = 0. The positive direction is desig-
nated as towards the scratch, while the negative direction
is away from the scratch. Absolute net movement is cal-
culated as the absolute value of the net movement, and
thus direction of movement is disregarded. Total move-
ment is defined as the absolute total distance traveled by
the cell, i.e. the absolute value of the distance traveled
between 7T = 0 and T = 4, plus the absolute value of the
distance traveled between T = 4 and T = 8, and so on.
All total movement values are always positive and
greater than or equal to the respective net movement val-
ues. To examine trends in net movement, absolute net
movement, and total movement, the median of the values
was taken instead of the mean, which would be skewed
because a few cells moved extremely long distances.
Finally, for statistical data analysis, an unpaired ¢ test
was performed, with P < 0.05 considered significant.

Western Blot for «-SMA

Determination of a-smooth muscle actin (a-SMA)
expression after TGF-1 treatment was done following a
standard Western blot procedure as described previously
[Wang et al., 2004]. Briefly, the samples containing
equal amounts of denatured proteins (10 pg) were frac-
tionated by electrophoresis on 10% SDS-polyacrylamide
gels, and the separated proteins were then transferred to
a nitrocellulose membrane. The protein-bound mem-
brane was incubated in a 5% non-fat milk/PBS-Tween
20 solution overnight to block nonspecific binding. After
washing in PBS-Tween, the membrane was incubated
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Fig. 4. The differential motility between myofibroblasts and fibroblasts. The chart shows that myofibro-
blasts moved slowed than fibroblasts, as determined by three measures for cell migration: the median net
movement, absolute net movement, and total movement. (Total number of cells n > 50; *P < 0.05).

for 1 h with a-SMA monoclonal antibody (Sigma-
Aldrich, St. Louis, MO) followed by 1 h of incubation
with goat anti-mouse IgG (Jackson Immunoresearch
Lab, West Grove, PA). The membrane was washed three
times with 0.1% PBS/Tween 20 for 15 min after each
antibody application. The a-SMA protein on the nitro-
cellulose membrane was then detected with the ECL
Plus detection system (Amersham Pharmacia Biotech,
Piscataway, NJ) according to the manufacturer’s proto-
col. The membrane was stripped in Restore Western Blot
Stripping buffer (Pierce Chemicals, IL), and GAPDH
was then probed for an internal control of equal protein
loading.

RESULTS

The tendon fibroblasts in microgrooves became
elongated and aligned along the microgroove direction
(Fig. 1). The cells moved only in one dimension; that is,
along the microgroove direction. Hence, the migration of
each cell could be followed accurately. The same fibro-
blasts tracked at the beginning of experiment and 12 h
later (Figs. 1A and 1B). The natural imperfections in the
ink shape made it easy to keep track of the positions of
nearby cells.

In addition, the tendon fibroblasts in the micro-
grooved surfaces increased o-SMA expression after
treatment with 5 ng/ml TGF-31 (Fig. 3). The result indi-
cates that TGF-B1 treated fibroblasts in microgrooves
became differentiated into myofibroblasts.

The migration of these differentiated myofibro-
blasts and fibroblasts on the microgrooved surfaces was
tracked. It was found that myofibroblasts moved slower

than fibroblasts (Fig. 4). Quantitatively, during 12 h of
observation period, the median net movement of fibro-
blasts was 86 pm, whereas that of myofibroblasts was
only 26 um; that is, myofibroblasts that were differenti-
ated from fibroblasts in response to 5 ng/ml TGF-(3 treat-
ment, moved ~30% slower than fibroblasts. As men-
tioned earlier, these values were obtained by considering
movement away from the scratch as negative. To disre-
gard the direction of cell movement, median absolute net
movement was calculated by taking the average of the
absolute value of the net movement for each cell. Thus,
when only the magnitude of the movement was consid-
ered, myofibroblasts and fibroblasts migrated 52 pm and
86 um, respectively. Finally, the median total movement
for myofibroblasts and fibroblasts was found to be 60 pm
and 107 pm, respectively. Again, these two measures for
cell migration also indicated that myofibroblasts moved
slower than fibroblasts.

DISCUSSION

This study reports a new technique to determine
fibroblast migration. We showed that when fibroblasts
were grown on microgrooves surface, they became elon-
gated and aligned with the microgroove direction, which
mimicked the cell alignment in vivo. In addition, these
cells also moved in one dimension. This is in contrast to
the fact that cells on conventional smooth culture surfa-
ces, the movement is random, not unidirectional, and
hence difficult to measure the net movement of any
selected cell. Thus, this new method for measuring cell
migration is simpler in quantifying cell movement as
well as interpretation of cell migration results compared



to those using smooth surfaces. In addition, because
microgrooved silicone membranes are highly elastic and
transparent, they can be used to study cell motility under
dynamic mechanical loading conditions.

Furthermore, cells on the microgrooved mem-
branes increased a-SMA expression in response to TGF-
B1 treatment, indicating that these fibroblasts differenti-
ated into myofibroblasts. Induction of a-SMA by TGF-
B1 has been reported previously in various cell types.
Our results support that TGF-f3 regulates differentiation
of fibroblasts into myofibroblasts [Cordeiro et al., 2000].
These differentiated myofibroblasts moved slower than
fibroblasts, as shown consistently by three migration
measures, i.e., the net movement, absolute net move-
ment, and total movement (Fig. 4). The result is consist-
ent with the previous observations that TGF- (1 and
[32) is responsible for the inhibition of tendon cell migra-
tion [Conlon and Tomas, 2003]. Also, addition of TGF-f3
inhibited cell migration to the wound area in human der-
mal fibroblasts [Ohgoda et al., 1998] and in human renal
epithelial cells [Tian and Phillips, 2003] where cell
migration was examined using a monolayer wounding
system.

Further studies should refine the new approach for
cell migration study. First, the current technique may be
combined with time-lapse video-microscopy so that cell
migration can be continuously monitored. In addition,
because microgroove dimension (groove width and
depth) may affect cell orientation and motility [den
Braber et al., 1996; Dalton et al., 2001; Yoshinari et al.,
2003], the modification of current microgroove dimen-
sions for studying motility of different types of cells may
be needed. Finally, since TGF-1 and TGF-B3 induce
differential contraction in tendon fibroblasts [Campbell
et al., 2004], their possible differential effects on fibro-
blast motility can be investigated using the current tech-
nique.
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