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Abstract

BACKGROUND: One of the long-standing problems of myoblasts in vitro expansion is slow cell migration and this
causes fibroblast population to exceed myoblasts. In this study, we investigated the synergistic effect of laminin and
epidermal growth factor (EGF) on co-cultured myoblasts and fibroblasts for cell attachment, proliferation and migration.
METHODS: Skeletal human muscle cells were cultured in four different conditions; control, EGF, laminin (Lam) and
laminin EGF (Lam + EGF). Using live imaging system, their cellular properties; attachment, migration and growth were
exposed to Rho kinase inhibitor, Y-27632, and EGF-receptor (EGF-R) inhibitor, gefitinib were measured.

RESULTS: Myoblast migration and proliferation was enhanced significantly by synergistic stimulation of laminin and
EGF (0.61 + 0.14 pm/min, 0.008 + 0.001 h™') compare to that by EGF alone (0.26 4+ 0.13 um/min,
0.004 + 0.0009 h™"). However, no changes in proliferation and migration were observed for fibroblasts among the culture
conditions. Inhibition of Rho kinase resulted in the increase of the myoblast migration on the laminin-coated surface with
EGF condition (0.64 & 0.18 pm/min). Compared to the untreated conditions, myoblasts cultured on the laminin-coated
surface and EGF demonstrated elongated morphology, and average cell length increase significantly. In contrast, inhibition
of EGF-R resulted in the decrease of myoblast migration on the laminin coated surface with EGF supplemented condition
(0.43 + 0.05 pm/min) in comparison to the untreated control (0.53 £ 0.05 pm/min).

CONCLUSION: Laminin and EGF preferentially enhance the proliferation and migration of myoblasts, and Rho kinase
and EGF-R play a role in this synergistic effect. These results will be beneficial for the propagation of skeletal muscle cells
for clinical applications.
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1 Introduction

Adult skeletal muscles are constantly subjected to the risk
of injury from weight bearing, exercise, and trauma.
Hence, regeneration of injured muscle fibre is very
B! Ruszymah Bt. Hj. Idrus important in the body. A population of cells intimately

ruszymah @ppukm.ukm.edu.my; ruszyidrus @gmail.com associated with the muscle fibre has been reported to be
responsible for skeletal muscle regeneration. In 1961,
Mauro [1] first coined the term “satellite cells” to the cell
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established and have been demonstrated in isolated cell
population in vitro [2-4]. However, in vitro expansion of
myoblasts, construction of tissue engineering scaffold and
its integration with native tissues are still challenging.

Laminin role in enhancing proliferation and differenti-
ation was shown consistently with various type of cells.
Laminin effect on cell differentiation and proliferation was
apparent in Schwann cells as shown by McGarvey et al.
[5]. In skeletal myoblast, enhance differentiation and pro-
liferation of murine myoblast was revealed by Ocalan et al.
[6]. Investigation [7] by time-lapse observation revealed
that human myoblasts on the laminin coated surface
exhibited rapid migration with morphological changes.
Myoblast migration was further encouraged on the laminin
coated surface when EGF existed. These results indicated
that the stimulation by laminin coating and EGF supple-
mentation made a synergistically function in promoting
myoblast properties. However, the potential signalling
pathway involved in enhancement of myoblast migration in
laminin and EGF synergy is still not clear.

Cellular migration is vital for tissue development,
wound repair, inflammatory response, immune surveil-
lance, and plays a role in pathological processes such as
metastasis [8]. Cell migration is controlled by various set
of intracellular signalling molecules, including tyrosine
phosphorylation, GTPases activation, phospholipid
biosynthesis and adhesion complex integrin. One particular
group of proteins, the Rho GTPases has been shown to
regulate actin cytoskeletal organization and thus cellular
migration [9, 10]. Rho GTPases are frequently overex-
pressed in invading tumor cells when the tumor cells
increase cell motility to cross tissue boundaries during
invasion [11]. Since their discovery in the late eighties, the
role of Rho GTPases in the regulation of cell migration has
been extensively studied and has mainly focused on the
hallmark family members Rho, Rac, and Cdc42 [12]. The
activated Rho-GTPases will then interact with downstream
effectors such as ROCK to trigger responses including
actin cytoskeletal rearrangements, gene transcription reg-
ulation, membrane trafficking, cell cycle regulation, and
the control of apoptosis [9]. Inhibition of ROCK by
Y-27632 has been shown to increase myoblast migration
accompanied with loss of direction [13]. Y-27632 is a cell-
permeable, highly potent and selective inhibitor of ROCK.
Y-27632 inhibits both ROCKI and ROCKII by competing
with ATP for binding to the catalytic site [14].

Receptor tyrosine kinase of the EGF receptor (EGF-R)
is another potential regulator of cellular migration [15, 16].
EGF-R signalling pathway has been shown to regulate
multiple cellular functions such as tissue morphogenesis
and wound repair, because these events require the key cell
responses of survival, proliferation and migration. EGF-R
has been shown to be one of the regulatory mechanism
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influencing intestinal epithelial cells migration via MAPK
signalling [17] and endothelial cells [18]. Down regulation
of EGF-R has been shown to decrease the differentiation
ability of myoblast [19] and EGF-R inhibitor exhibits slow
migration in vascular smooth muscle cells [20].

Migration of myoblasts is considering as an important
general mechanism to ensure the efficiency of productivity
of myoblasts during in vitro expansion and therapeutic
efficiency after transplantation. Enhancement of migration
was shown to reduce the myoblast terminal differentiation
that in turns facilitates in vitro expansion [7]. High
migration of myoblasts in 3D tissue construct was also
shown to facilitate endothelial cells infiltration that helps
vascularization [21, 22]. Several approaches have been
employed to enhance the myoblast migration. Previous
study [7] by time-lapse observation revealed that the
human myoblasts on the laminin coated surface exhibited
rapid migration with the frequent morphological changes.
Myoblast migration was further encouraged on the laminin
coated surface when EGF existed, while no significant
enhancement of migration rate was recognized when sup-
plemented with EGF alone. These results indicated that the
stimulation by laminin coating and EGF supplementation
made a synergistically function in promoting myoblast
properties.

In this study, the synergistic role of laminin and EGF on
regulating the biological properties of myoblast and
fibroblast in a co-culture system was evaluated. It was
assumed that EGF-like structure in laminin may facilitate
the expression and/or activation of EGF-R that in turns
function synergistically to regulate the expression of
functional proteins involved myoblasts. Cellular behaviour
and morphological analysis of myoblasts were studied in
the presence of specific inhibitors to elucidate the sig-
nalling mechanism involved in the enhancement of myo-
blast migration by laminin and EGF. Two different
potential signalling pathways i.e. EGF-R signalling and
Rho/ROCK pathway were evaluated using Gefitinib and
Y-27632, respectively.

2 Materials and methods

The redundant human skeletal muscle samples were col-
lected from the consented patients in Universiti Kebang-
saan Malaysia Medical Centre. Universiti Kebangsaan
Malaysia Research and Ethics Committee (UKMREC)
approved this research with approval code of UKM FPR.4/
244/FRGS/2/2013/SGO5/UKM/03/1.
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2.1 Human skeletal muscle cells

Skeletal muscle, which contains mixture of myoblasts and
fibroblasts, were isolated by digestion with 0.75% Trypsin—
EDTA (Sigma Aldrich, St. Louis, MO, USA). The cells
were seeded into T75 flask (Greiner Bio-One, Monroe, NC,
USA) and cultured in F10: Dulbecco’s Modified Eagle
Medium (DMEM; Sigma) containing 10% foetal bovine
serum (FBS; Biowest, Riverside, MO, USA) and incubated
at 37 °C in 5% CO, incubator.

2.2 Laminin coating and EGF supplementation
culture conditions

Laminin from Engelbreth-Holm-Swarm murine sarcoma
basement membrane (1 mg/ml, Sigma-Aldrich) was dilu-
ted with phosphate-buffered saline (PBS; Sigma) to a
concentration range of 50 pg/ml. The laminin was added to
12 well plates (Greiner Bio-One, Kremsmiinster, Austria)
and incubated for 30 min at 37 °C, 5% CO,. The excess
laminin was removed, and plates were subsequently stored
at 4 °C and washed with PBS prior to use. The cells were
treated with 0.05% Trypsin—-EDTA (Sigma) and incubated
for 5 min. The cell suspension was centrifuged at
5000 rpm for 5 min at 37 °C. The cells undergoing three
passages and the seeding density were fixed at 2500 vi-
able cells/cm?. The culture was conducted in 12-well plate
in the plain-coated surface (Control), plain-coated surface
with EGF (EGF), laminin-coated surface without EGF
supplemented (Lam) and laminin-coated surface with EGF
(Lam + EGF). Supplementation of human recombinant
EGF (Biovision, Milpitas, CA, USA) in the medium
(100 ng/ml EGF when added, Biovision).

2.3 Single cell live imaging

The cellular behaviours of individual myoblasts were
observed using a live cell imaging tool microscopy, Nikon
AIR microscope (Nikon, Tokyo, Japan). The images were
captured every 20 min on the bottom surface of each well.
The singly occurring myoblast cells on the captured images
were selected randomly and traced in a time-lapse manner.

2.4 Immunocytochemical staining of desmin
and EGF-R

Cells were fixed with 4% paraformaldehyde (Sigma
Aldrich) in DPBS (Sigma) for 20 min, and permeabilised
with 0.5% Triton X-100 (Sigma). Cells were incubated
with 10% goat serum (Sigma) for 1 h before incubated
with primary antibody: anti-desmin mouse monoclonal
antibody (1:500; Agilent Dako, Santa Clara, CA, USA) and
anti-EGF-R (1:500; Abcam, Cambridge, UK) for 2 h at

37 °C and cells were washed before incubated with sec-
ondary antibody Alexa Fluor 594-conjugated anti mouse
IgG antibody (1:300; Invitrogen, Carlsbad, CA, USA) for
2 h. Then, cells were counterstained for 20 min with 4/,
6-diamidino-2-phenylindole (DAPI) (1:15,000; Invitrogen)
for nuclei staining and Alexa Fluor™ 488 Phalloidin (In-
vitrogen) for cytoskeleton. The images of culture surface
were captured from four different positions in each vessel
every 24 h using fluorescence microscope (A1R Nikon).
The number of cells were counted manually on the images
obtained at a given culture time (t).

2.5 Cellular behaviour analysis

The growth rate was evaluated by counting cell number at
24 h and 72 h. The growth rate was evaluated using this
following equation:
Growthrate (h™')

_ Ln(Cell number at 72 h/Cell number at 24 h)
B 48h

The cell migration was calculated using this following
equation:

V0 = X4 - 1)
Hh —1

Migration rate (um/min) =

x; = initial x coordinate, y; = initial y coordinate, t;.
= initial time; X, = final x coordinate, y, = final y coor-
dinate, t, = final time.

2.6 Inhibition of rock and EGF-R analysis

The cells were seeded on plain and laminin-coated surface
with or without EGF on 12 wells culture plate and incu-
bated for 24 h. Cells were either untreated (control) or
treated with 10 mM Y-27632 and 10 uM gefitinib respec-
tively. The images were captured at every 20 min using
time-lapse confocal microscope imaging. The cells area,
width, circularity and length were analysed using the NIS
Element AR 3.1 software (Nikon).

2.7 Statistical analysis
All the results are expressed as means =+ standard devia-
tion (SD). Analysis of variance (ANOVA) was used in this

study to test for significant differences; p < 0.05 was
considered statistically significant.
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3 Results

3.1 Effect of laminin and EGF on myoblast
and fibroblast attachment

The attachment, proliferation and migration of myoblasts
and fibroblast in laminin and EGF synergy were evaluated.
As shown in Fig. 1, myoblasts in control and EGF dis-
played small, shiny and rounded cell bodies at 0 min then
accompanied with moderate increase in contact area over
time culturing. Myoblasts in Lam and Lam + EGF showed
small and rounded cell bodies also at the early event, then
gradually enlarged contact area due to spreading. Myoblast
spreading was visible as early as 30 min in Lam + EGF
compare to that Lam. At 120 min, myoblast in Lam and
Lam 4+ EGF already have elongated cell bodies. In
accordance with above observation, it was also found that
myoblasts in Lam and Lam + EGF predominantly formed
actin cytoskeleton compare to that in control and EGF in
Fig. 2A. Noticeably, the number of filopodia also can be
observed in these conditions. Figure 1B show in control,
EGF, Lam and Lam + EGF showed similar attachment
morphology and pattern across the conditions. Initially,
they appeared rounded and compact, then after 60 min,
filopodia started to form accompanied with enlarged of
contact area. After 2 h the actin can be observed in all
conditions. Fibroblasts under all conditions are localized

A Myoblast

Plain
Plain
EGF @ ."
- .
Laminin
EGF o
0 min 30 min 60 min 120 min

Fig. 1 Effect of laminin and EGF on myoblasts and fibroblast at
different time interval in control, EGF, Lam and Lam + EGF
conditions. A Myoblasts on laminin-coated surface with or without
EGF showed small and rounded at the very early min, then an
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and did not start to migrate not like myoblasts under the
laminin-coated surface with EGF.

Myoblasts and fibroblasts were further analysed to
evaluate the effect of laminin and EGF on their attachment
profile at 5 min, 10 min, 30 min, 60 min, and 120 min as
shown in Fig. 2B. Myoblast attachment was significantly
higher in Lam and Lam 4 EGF at all intervals time
compared to that in control and EGF. Whereas, fibroblasts
under all conditions have no differences in attachment
profile between all the conditions and measured times. To
further understand the effect of laminin and EGF on cel-
lular morphology, average cell area and circularity were
determined for myoblasts and fibroblasts under different
culture condition. The average cell area and circularity
were determined to further analyse the myoblast and
fibroblast morphology at 0, 30, 60 and 120 min shown in
Fig. 2C. Myoblasts in Lam and Lam + EGF showed sig-
nificantly higher average cell area in respect to myoblasts
in control and EGF, at each time point measured. Myo-
blasts in Lam and Lam + EGF exhibited decreasing in
average cell circularity compared to that in control and
EGF which displayed similar cell circularity value with
increasing time. Comparing with myoblasts, fibroblasts
have similar trends for the average cell area and average
cell circularity value in all conditions.

B Fibroblast

60 min

0 min 30 min 120 min

enlarged contact area with spreading initiated in the laminin coated
with EGF. B Fibroblasts on the plain and laminin-coated surfaces
with or without EGF showed similar attachment morphology and
pattern across the conditions. (Scale bar: 50 um)
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Fig. 2 Quantitative analysis of morphoplogical and cell concentra-
tion of myoblasts and fibroblasts in laminin and EGF. A Immunocy-
tochemistry of cells after 2 h plating in different conditions with anti-
desmin mouse monoclonal antibody (red), phalloidin (green) and
nuclei staining, DAPI (blue). Cells expressing desmin were identified
as myoblasts; unstained cells were identified as fibroblasts. (Scale bar:
100 pm) B The cell concentration of myoblasts and fibroblasts
(n =3) at 0, 30, 60 and 120 min for attachment analysis. Myoblast
attachment was significantly higher on laminin coated with or without
EGF at all intervals compared to that on the plain surface with or

3.2 Effect of laminin and epidermal growth factor
(EGF) on myoblast and fibroblast growth
and migration

Effect of laminin and EGF on myoblast and fibroblast
growth rate was evaluated. Figure 3A demonstrates the
representative images of myoblasts and fibroblast in dif-
ferent conditions at day 1 and day 3. As shown in Fig. 3B,
myoblasts cultured in Laminin + EGF showed signifi-
cantly higher growth rate (0.008 + 0.001 h™") compared
to control and EGF (0.004 £ 0.0009 h™' and
0.004 + 0.0005 h™', respectively). The growth rate of
myoblast in Lam was slightly higher (0.007 + 0.001 h™")
as compared to control but not significant. In contrast,
fibroblast under different culture condition demonstrated

without EGF. (At least 30 cells were measured per image).
*Significant difference (p < 0.05). C Average cell area (um?) and
average cell circularity of myoblasts and fibroblasts in the plain, plain
EGF, laminin and laminin EGF conditions at 0, 30, 60 and 120 min
(n = 3). Average cell area and cell circularity were measured using
NIS Element AR 4.2.0 (Nikon). Myoblasts on the laminin-coated
surface with or without EGF had higher average cell area and lower
average cell circularity compared to myoblasts on the plain surface
with or without EGF. The fibroblasts showed similar trends for the
average cell area and average cell circularity in all conditions

similar growth rate, fibroblasts in control,
0.007 & 0.0007 h™'; EGF, 0.007 & 0.001 h™" Lam,
0.006 & 0.001 h™' and Lam + EGF, 0.006 % 0.0005 h™".
Single cell migration of both myoblasts and fibroblasts
were analysed to evaluate the effect of laminin and EGF. It
was observed myoblasts migration rate was significantly
higher in Lam + EGF (0.61 £ 0.14 pm/min) compared to
control and EGF (0.26 + 0.13 pum/min and
0.29 £ 0.05 um/min). Lam (0.48 £ 0.09 pm/min) showed
higher migration to that in control and EGF but not sig-
nificant. While, for fibroblast migration rate showed similar
trend across all condition, control (0.41 £ 0.02 pm/min),
EGF (0.38 £ 0.09 um/min), Lam (0.44 &£ 0.15 pm/min)
and Lam + EGF (0.40 & 0.1 um/min).
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Fig. 3 Cellular behaviour analysis of myoblasts and fibroblasts in
laminin and EGF. A Confocal images of myoblasts and fibroblasts.
Cells were fixed and stained on day 1 and day 3. Cell expressing anti-
desmin mouse monoclonal antibody (green) were identified as
myoblasts via immunostaining; unstained cells were identified as
fibroblasts with nuclei staining only, DAPI (blue). Lam + EGF
shows higher number of myoblasts compared to myoblast in control

3.3 Effect of the EGF-R inhibitor gefitinib
on myoblast and fibroblast morphology
and migration

To investigate the involvement of EGF-R, the expression
of active EGF-R was identified via immunostaining and
migratory properties after blocking the EGF-R using gefi-
tinib. Immunostaining was performed to determine
expression of EGF-R on myoblasts and fibroblasts in
control, EGF, Lam and Lam + EGF conditions. Figure 4A
shows cells in Lam + EGF has highest EFGR expression
compared to Lam and very low expression in control &
EGF. Then, the effect of gefitinib treatment on myoblasts
and fibroblasts in control, EGF, Lam and Lam + EGF
conditions. The immunocytochemical images of myoblasts
and fibroblasts treated with gefitinib after 12 h live imaging
was shown in Fig. 4B. Under gefitinib treatment in control,
EGF, Lam and Lam + EGF, myoblasts (green staining)
displayed flattened, spread and rounded cell appearance.
Fibroblasts (red staining) in all conditions under treatment
of gefitinib demonstrate more flattened, spread and bigger
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and EGF at Day 3. (Scale bar: 100 um) B Graphs show the myoblast
and fibroblast growth rates and migration rates in the control, EGF,
Lam and Lam + EGF conditions (n = 3). *Significant difference
(p < 0.05). Myoblast in Lam + EGF has higher growth and migra-
tion rate compared to myoblast in control and EGF. Fibroblast
demonstrate similar growth and migration rate for all conditions

cell morphology. From graph shown in Fig. 4C, myoblasts
in Lam (0.31 £ 0.06 pm/min) and Lam + EGF
(0.43 + 0.05 pm/min) decrease in migration rate com-
pared to untreated control (Lam; 0.40 £ 0.09 pm/min,
Lam + EGF; 0.53 £ 0.05 pm/min). While myoblast in
control and EGF had no effect. However, a decrease trend
in fibroblast migration was observed when treated with
gefitinib for all conditions.

3.4 Effect of laminin and EGF in Rho/Rho kinase
(ROCK) signalling of myoblast and fibroblast
morphology and migration

To elucidate the involvement of Rho/ROCK signalling in
the synergy effect, we performed quantitative analysis of
migrating myoblasts and fibroblasts comparing the effect
of treatment with the ROCK inhibitor (ROCKi), Y-27632
versus normal medium in the four conditions.

The effect of Y-27632 treatment that inhibits both
ROCKI and ROCKII in myoblasts and fibroblasts under
plain and laminin coated with or without EGF were
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Fig. 4 Effect of inhibitor on myoblasts morphology and cellular
behaviour in laminin and EGF synergy. A Immunocytochemistry of
cells with anti-EGF-R (red), Alexa Fluor™ 488 Phalloidin (green)
and nuclei staining, DAPI (blue). Cells in Lam + EGF shows higher
expression of EGF-R compared to that in Lam, EGF and control.
(Scale bar: 10 pm). B Immunocytochemistry of the cells with staining
for anti-desmin mouse monoclonal antibody (red), Alexa Fluor™ 488
Phalloidin (green) and DAPI (blue) treated with gefinitib and
Y-27632. In treated with gefinitib, myoblasts and fibroblasts demon-
strate more flattened, spread and bigger cell morphology Whilst,

evaluated based on immunocytochemical images after 12 h
live imaging Fig. 4B. Under Y-27632 control and EGF
myoblasts (green staining) displayed wider and more flat-
tened and shown more lamellipodia formation at the edge
of cells with more membrane protrusions compared to
myoblasts in Lam and Lam + EGF. Myoblasts in Lam and
Lam + EGF under treatment of Y-27632 showed more
slender morphology with elongated tail formation. Also,
more filopodial projections can be observed on myoblasts
in Lam and Lam + EGF under treatment of Y-27632. In
comparison with myoblasts under treatment of Y-27632,
fibroblasts (red staining) in all conditions under treatment
of Y-27632 demonstrate less elongated and more flattened,
spread and rounded cell appearance. Consistent with the
observed differences in cell morphology, Fig. 4C shows
that myoblast migration rate were significantly higher in
groups treated with Y-27632 for Lam + EGF
(0.64 £ 0.18 pm/h) and Lam (0.54 £ 0.12 um/h) as
compared to untreated with Y-27632 for both Lam + EGF
(0.52 £ 0.12 pm/h and Lam (0.45 £ 0.16 pm/h).

We further analysed the quantitative parameters of
average length, width, area and circularity of cells in
describing the morphological behaviour of the migrating

o

Treated with Y-27632

o
@
3

o
o
1

o
N
h

Migration rate (ium/min)
o
N

ooliligkies bk

Control GF Lam  Lam+EGF

o
N
L

Migration rate (Lum/min)

Lam+EGF

Control EGF Lam
E=3 Untreated with Gefinitib
Untreated with Y-27632

=X Treated with Gefinitib
Treated with Y-27632

myoblasts treated with Y-27632 in Lam and Lam + EGF showed thin
and elongated cell body with the longest tail formation (Scale bar:
100 pm). C Migration rates of myoblasts and fibroblasts treated and
untreated with gefitinib and Y-27632 in the four different conditions.
No significance difference between myoblast and fibroblast in all
conditions treated and untreated with gefitinib. Myoblast migration
rate were significantly higher in groups treated with Y-27632 for
Lam + EGF and Lam as compared to untreated with Y-27632 in
Lam + EGF and Lam (n = 3). *Significant difference (p < 0.05)

myoblasts under treatment of Y-27632 to elucidate the role
of the Rho/ROCK pathway as a possible mechanism in
laminin and EGF synergy. Quantitative morphological
analysis, especially increased in cell length and decreased
cell circularity, was identified when the myoblasts under
treatment of Y-27632. Figure SA shows that myoblast
average length in the Lam + EGF conditions after treat-
ment of Y-27632 (161.10 £ 56.80 um) was increased
significantly =~ followed by myoblasts in Lam
(140.28 4 48.94 um) compared to myoblasts in the
Lam + EGF and Lam before treatment of Y-27632 (Lam;
97.03.26 £ 29.29 um, Lam + EGF: 100.35 &+ 34.44 um).
Myoblasts in control and EGF after treatment of Y-27632
showed no significant difference with myoblasts in control
and EGF before treatment of Y-27632. Myoblasts average
width in Lam + EGF conditions after treatment of
Y-27632 (9.46 + 3.60 um) shown significant lower com-
pared to myoblasts average width in Lam + EGF condi-
tions before treatment of Y-27632 (12.84 £ 4.91 um).
Whereas, there are no significant difference between
myoblasts average width in control, EGF and Lam condi-
tions after treatment of Y-27632 compared before treat-
ment of Y-27632. For myoblasts average circularity and
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Fig. 5 A Quantitative evaluation of myoblast area, length, circularity
and width before and after treatment of Y-26732 in plain, plain EGF,
laminin and laminin EGF conditions (n = 3) untreated or treated with
Y-27632. Myoblasts length in the laminin coated with EGF condi-
tions was increased compared to that before treatment. B Time

area, there are no significant difference for all conditions
before and after treatment of Y-27632. Further analysis
with 12 h live imaging of myoblasts shown in Fig. 5B also
confirm increasing trend in cell length and decreasing trend
in cell width after treatment of Y-27632 compare to before
treatment of Y-27632.

4 Discussion
Adult skeletal muscle myoblasts exhibit a remarkable
capacity for self-renewal that has led to the practical con-

cept of myoblast transplantation for treating skeletal mus-
cle degenerative disorders and cardiac muscles disorders.
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analysis of 12 h of length and width before and after treatment of
Y-27632 myoblasts in plain, plain EGF, laminin and laminin EGF
conditions (n = 3) with and without Y-27632. After adding Y-27632,
myoblast in laminin-coated surface with and without EGF increase
from O to 12 h

Exploring the mechanism behind myoblast migration and
proliferation will help improve myoblast expansion for
future clinical application. Studies on the effects of exter-
nal factors on myoblast migration have suggested that
myoblast migration is significantly enhanced by the syn-
ergistic effect of laminin and EGF [7]. In the present study,
we compared the effect of laminin and EGF on myoblast
and fibroblast co-cultures and on their migration mecha-
nism by examining the potential involvement of two
pathways; EGF-R pathway and Rho guanosine triphos-
phatase (GTPase) Rho kinase (ROCK) pathway in myo-
blast migration in the laminin and EGF synergy.

Skeletal muscle myofibres are surrounded by an extra-
cellular matrix (ECM), which was initially thought to act
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only as a scaffold for maintaining tissue structure. It has
since been shown that the ECM regulates many cellular
processes, including the attachment, proliferation, migra-
tion, and differentiation of precursor cells. The ECM is a
complex meshwork of many different types of proteins,
proteoglycans and polysaccharides, and the ratio of com-
ponents differs with the tissue type. Here, we observed that
myoblasts in Lam and Lam 4 EGF attached and spread on
the tissue culture plate as early as 30 min after plating
compared to that in control and EGF conditions as well as
compared to fibroblasts on control, EGF, Lam and
Lam + EGF. Here, laminin is shown to play a role in
initial attachment and spreading of myoblasts. However,
EGF supplementation had no effect on the initial cell
attachment and spreading. Integrin o7 is highly expressed
in skeletal and cardiac muscle, and functions as the major
laminin-binding integrin. In myoblast, integrin o7 has been
shown to involve in migration and cell adhesion; blocking
of integrin o7 by antibody causes inhibition of myoblast
migration and adhesion [23]. In addition, in other cell type,
breast carcinoma cells, transfection of integrin o7 was also
reported to aid cell adhesion and migration [24]. Integrin
o7B1 is responsible for receptor-mediated attachment of
myoblast migration via laminin-1, in which the cytoplas-
mic tail of the B1 integrin chain plays a major role [25].
Mediated by integrin, laminin forms bridges between the
myoblast actin cytoskeleton and aids myoblast establish-
ment of attachment stability earlier and the initiation of
migration after the event. By contrast, myoblasts in control,
EGF conditions and fibroblasts in all conditions would first
secrete the ECM and adhere to the charged plastic surface
before receptor binding to the ECM. The adhesion-pro-
moting proteins present in serum, such as vitronectin and
fibronectin, also contribute to cell adhesion to the plastic
surface [26, 27]. Myoblasts in Lam and Lam + EGF have
lower circularity value compared to that in control and
EGF. The higher circularity values are, the higher trend for
a cell to be assumed as circular shape [28]. Active
migrating cells would have dynamic value of circularity
while static cells would have constant circularity values.
Over the past decades, myoblasts have been tested for
application in cell therapy for regenerating muscles and in
gene delivery systems for treating muscle and non-muscle
diseases. Culturing skeletal muscle cells, which contain a
mixture of myoblasts and fibroblasts, is laborious and
challenges the routine myoblast manipulation procedures
[29]. The fibroblast population increases remarkably during
expansion, as fibroblasts proliferate faster than myoblasts.
Here, we examined the effect of laminin and EGF on the
migration and growth of co-cultured myoblasts and
fibroblasts. Lam 4+ EGF conditions enhanced myoblast
growth rates significantly compared to that in control and
EGF. The combination of laminin coating and EGF

supplementation exerted a synergistic effect on the pro-
motion of myoblast migration. However, there were no
notable differences in fibroblast growth and migration in all
conditions. Type I collagen plays a major role in dermal
fibroblast attachment and proliferation [30]. Previous study
[7] did prove enhancement of myoblast migration and
growth in skeletal myoblast cell line. The present study
show combination of laminin-coated surface with supple-
mentation of EGF in the medium demonstrate improve-
ment of myoblast’s migration but not fibroblasts of human
skeletal muscle. This shown that laminin and EGF coop-
eratively enhance signalling pathway involve in cell
migration. We hypothesized that cross-talk occurs between
the laminin and EGF intracellular receptors, and that this
synergy may facilitate the signalling pathway involve in
migration, such as the Rho/ROCK pathway and EGF-R
pathway.

First, attempted to determine the potential role of EGF-
R signalling pathway specifically in myoblast migration in
laminin and EGF synergistic conditions. Upon stimulation,
EGF receptor (EGF-R) activates several signalling cascade
events that regulate cell proliferation, migration, angio-
genesis and survival. EGF-R is a part of the ErbB family of
receptors, a sub-family of four closely related receptor
tyrosine kinases: EGF-R (ErbB-1), HER2/neu (ErbB-2),
HER3 (ErbB-3) and HER4 (ErbB-4) [31]. Alterations in
EGEF-R expression or activity lead to cancer [32]. Gefitinib
is a drug used to treat cancers such as breast cancer and
lung cancer. It inhibits EGF-R, which is believed to be
overactivated in cancer, slowing cancer cell proliferation
[33]. EGF-R plays a critical role in transforming growth
factor beta 1 (TGF-B1)-dependent fibroblast-to-myofi-
broblast differentiation [34, 35]. However, little is known
of the effect of EGF-R on myoblast migration.

In the present study, we tested the effect of EGF-R
inhibition on myoblast and fibroblast migration using
gefitinib. Gefitinib decreased myoblast migration under
laminin coated with EGF conditions. Gefitinib hinders
EGF-R activity and reduces the migration of tumour cells
[36] and mesothelioma cells [37]. Here, myoblasts in
laminin coated with EGF conditions showed decreased cell
length and became more fibroblastic compared to the
untreated conditions. Downregulation of the EGF-R sig-
nalling pathway triggers myoblast differentiation [19].

We attempted to determine the potential role of ROCK
specifically in myoblast migration in laminin and EGF
synergistic conditions. We found that inhibition of ROCK
by Y-27632, a ROCK-specific inhibitor, increased myo-
blast migration significantly in Lam and Lam + EGF, and
there was no significant difference in control and EGF.
This result was consistent with studies on other cell types
[38, 39], but we observed no differences for fibroblasts in
all conditions. Here, we speculate that ROCK may inhibit
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laminin and o7P1 integrin interaction, as laminin increases
myoblast migration rates. The change in cell-matrix
adhesion stability may therefore be an underlying factor in
the increased velocity of ROCK-inhibited myoblasts.

To further analyse the role of ROCK in the synergy
between laminin and EGF for enhancing myoblast migra-
tion, we analysed myoblast morphological changes during
incubation with Y-27632. Notably, myoblasts exhibited
elongated tails in Lam, and the tail elongation was
prominent in Lam + EGF. ROCK plays a role in regulat-
ing cytoskeletal reorganisation [40, 41] and therefore it was
not surprising that Y-27632 resulted in a change from the
myoblast-like cellular morphology to stellate-like cells
[13]. This is primarily due to the myoblasts losing the
ability to retract their trailing edge, leaving a long tail
behind the cells [42, 43]. The prominent elongation of
myoblast tails in laminin coated with EGF conditions may
be explained by the role of myosin in the retraction of the
tail at the posterior region. Myosin is controlled by the
EGF-R signalling pathway [44] and is also regulated by
ROCK [45] where ROCK inactivates the EGF-R pathway
[46]. The disruption of myosin regulation causes myoblasts
to fail to retract their tails, which stretch to great lengths in
the presence of ROCK inhibitors until they break. Thus, we
demonstrate the potential role of ROCK in the synergy
between laminin and EGF. Further, we evaluated the effect
of 12-h exposure to ROCK inhibitor on myoblast and
fibroblast cell morphology. The fibroblasts exhibited
dynamic cell morphology when treated with Y-27632. This
dynamic trend is well known in fibroblast proliferation and
migration.

In conclusion, synergistic effect of laminin and EGF
promote migration and growth of myoblast but not
fibroblast. We demonstrate here, the potential involvement
of ROCK signalling pathway as a mechanism behind the
synergy effect of laminin and EGF in enhancing myoblast
migration. The inhibition of ROCK in laminin and EGF
supplemented conditions on myoblast result in morpho-
logical change and increase in myoblast migration indi-
cates the important of ROCK in the synergistic effect.
Thus, we believe outcome of current proposed study will
lead to better understanding of molecular mechanism for
regulating critical biological properties of myoblasts. These
will help to determine the strategy in designing tissue
engineering construct for myoblasts based treatment.
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