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ABSTRACT

Objective: In vitro models of skeletal muscle often utilize primary myoblast cells or
myoblast cell lines. Myoblasts require adhesion to the extracellular matrix (ECM) to
grow, proliferate, migrate, and differentiate in their natural environments in vivo. To
meet the adhesion needs of adhesive cells under in vitro conditions, culture surfaces
are coated with various biological or synthetic compounds. Within the scope of the
study, the differentiation potential of H2K myoblasts, a cell line resembling primary
myoblasts, were comparatively evaluated through morphological analysis on culture
surfaces coated with various ECM and synthetic materials.

Methods: The culture surfaces were coated with fibronectin and laminin, the major
adhesion proteins of ECM; gelatin, a molecular derivative of collagen; matrigel, an ECM
extract; and PLL, a synthetic poly-amino acid. Cells were allowed to differentiate in each
culture medium for 4 days and their capacity to adhere to the surface and differentiation
rates from myoblast to myotube were evaluated by morphological analysis.

Results: In the uncoated culture environment, cells could only attach to 30-50% of the
culture surface and myotube development was limited and not aligned with each other.
On surfaces coated with PLL, no myotube development was observed and cells could
only attach to 30-40% of the culture surface. Myotube development and alignment were
similar on all surfaces coated with ECM components. On surfaces coated with ECM
components laminin, fibronectin and matrigel, cells covered the entire culture surface
and exhibited similar myotube development. However, on surfaces coated with gelatin,
both cell adhesion to the surface and myotube development were limited compared to
other ECM components. The mean myotube diameters of fibronectin, laminin, matrigel,
PLL+laminin and gelatin were 49.71pm (£16.3um), 52.31pm (£15.7um), 51.9um
(#15.3um), 53.06pum (£14.2pum) and 35.25um (£11.4pum), respectively.

Conclusion: Within the scope of the study, it was revealed that coating the culture
surface with only a cationic material such as PLL does not support myogenesis and

ECM components are needed for cell viability and differentiation.
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INTRODUCTION

The human body is composed of approximately 650 skeletal
muscles, which account for almost half of the entire body
mass. Each skeletal muscle is composed of thousands of
elongated, multinucleated cells, called muscle fibers, which are
organized together through the extracellular matrix (ECM) to
contract synchronously. The dynamic structure of this massive
organization is kept under adaptive control by neural and
physical stimulation, hormonal balance and nutrient availability
[1-4]. Skeletal muscle performs many important functions,
both mechanical and metabolic. It is connected to the bones by
tendons and directs all movements of the body. It also maintains
the posture of the body and keeps it in balance. It provides the
power required for movement by converting chemical energy
into mechanical energy during contractions. The heat generated
during this process is used to maintain body temperature.
Approximately 80% of circulating glucose is consumed by
the muscles. Important compounds such as carbohydrates and
amino acids are stored in the muscles. In case of starvation, they
are able to utilize their stores for the energy the body needs for
movement; they are also able to supply the amino acids needed

to support protein synthesis in other tissues [5-7].

Deficiency ofa proteinin the skeletal muscle itself, as in Duchenne
muscular dystrophy, or neurological diseases that prevent muscle
innervation, as in amyotrophic lateral sclerosis, lead to chronic
degeneration of skeletal muscles [8, 9]. Furthermore, metabolic
diseases such as diabetes, sarcopenia and cachexia affect the

normal availability of hormones, nutrients, metabolites and other

Main Points

* Myogenic cells need to interact with ECM in order

to perform biological activities such as proliferation,

migration and differentiation in their natural
environment.
e Under in vitro conditions, a suitable adhesion

environment must be provided to maintain myogenicity
and to model the biological activities of myogenic cells.
e In order to mimic the adhesive environment of
adhesion-dependent cells in vivo, the culture surface is
usually coated with extracellular matrix components or

synthetic polymers.

* This study well demonstrated that ECM components are
necessary and sufficient for in vitro myogenesis.
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important soluble modulators required for skeletal muscles,
leading to skeletal muscle atrophy with a significant impact on
quality of life [10-12]. For this reason, the molecules that both
constitute the structure of skeletal muscle itself and provide its

adaptive dynamism are the subject of intense research.

Typically, myoblast cultures are utilized in investigating
conditions that contribute to skeletal muscle pathophysiology.
For this purpose, various myoblast cell lines such as C2C12,
H2K, and L6, as well as primary myoblast cultures from
humans or different animals, can be established [13-15]. In order
to mimic muscle fibers in skeletal muscles, the differentiation
of myoblast cells is stimulated to fuse with each other and
form myotubes. Since myoblasts and myotubes are adhesion-
dependent cells, they need to adhere to culture surfaces [16,
17]. In order to mimic the adhesive environment of adhesion-
dependent cells in vivo, the culture surface is usually coated
with ECM components or synthetic polymers [18, 19]. Although
there is no generally accepted culture surface coating material
for myogenic cells, culture surfaces are commonly coated with
various materials in the myogenic differentiation process due to
their low capacity to adhere only to physically treated culture
surfaces. Within the scope of the study, the differentiation
potential of H2K myoblasts, which have a very low capacity to
adhere to the uncoated culture surface like primary myoblasts,
on the culture surface coated with various ECM components
and synthetic materials was evaluated comparatively by

morphological analysis.

MATERIAL AND METHODS

Coating Procedures and Cell Culture Conditions

Before seeding cells, the well surfaces of 12-well plates were
coated with 0.1 mg/ml poly-l-lysine (PLL) (Sigma, P5899), 1.5
pg/cm? laminin (Sigma, L2020), 1.5 pg/cm? fibronectin (Sigma,
F2006), 0.1% gelatin (Sigma, G1393), and 100 pg/ml matrigel
(Corning, CLS354234). To ensure adherence of the materials to
the well surfaces, plates coated with laminin and gelatin were
incubated for 2 hours and 45 minutes at 37°C, respectively;
matrigel-coated plates were incubated for 1 hour at room
temperature; and plates coated with fibronectin and PLL were
air-dried for 2 hours. Additionally, to coat PLL-coated plates
with laminin, after air-drying PLL-coated plates for 2 hours, 1.5

pg/cm? laminin was applied and incubated for 2 hours at 37°C.

The conditionally immortal mouse H2K myogenic cell line

[20] was used for the experiments. A seeding density of 1 x
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10° myoblasts per well was used with growth medium (GM)
containing high glucose DMEM (Dulbecco’s modified Eagle’s
medium; Invitrogen, Gibco), 20% FBS (Fetal Bovine Serum;
Biochrom), 0.5% chick embryo extracts (CEEs; US Biological),
and 20 U/mL interferon (IFN)-y (Roche). Cells were initially
incubated in GM in a humidified incubator (33°C, 10% CO,) for
one day and then induced to differentiate using differentiation
medium (DM) containing high glucose DMEM (Gibco) and 5%
HS (Horse Serum, Biochrom) in a humidified incubator (37°C,
5% CO,). Cells were allowed to differentiate for 4 days and were
visualized using phase contrast brightfield microscopy. Images
were captured at 100X magnification. At least 100 myotubes
were randomly selected from 12 fields in triplicate wells for
each experimental condition. The diameter of each myotube
was measured at three approximately equidistant points along
their length using Image J software (NIH) to calculate the mean
diameter.

RESULTS

To evaluate the extent to which coating the culture surface
with various biological and synthetic molecules affects the
myogenesis performance of myoblasts, the H2K cell line was
utilized. Since H2K cells are conditionally immortal, they are
the cell line most similar to primary myoblasts directly cultured
from animals, unlike cell lines such as C2C12 or L6 [20, 21].
Therefore, just as they need to adhere to ECM proteins under
in vivo conditions, their need for attachment in the culture
environment is very high for proliferation and differentiation.
In order to make a comprehensive comparison, culture surfaces
were coated with fibronectin and laminin proteins, which are the
main components of the ECM; gelatin, a molecular derivative of
collagen; matrigel, a direct ECM extract; and PLL, a synthetic
poly-amino acid. PLL+laminin coating was also performed in
order to see the effectiveness of synthetic and biological coating

materials together.

The cells were left to differentiate in the culture environment
for 4 days. It was observed that in the uncoated culture surface
environment, cell density remained limited to 30-50%, and dead
cells were found floating on the medium surface in clumped forms
due to their inability to adhere to the culture surface. It was also
observed that the limited number of developing myotubes were
not aligned with each other and that the lengths were shorter and
the diameters were narrower than the myotubes developing on
the surface coated with ECM components. In the culture medium

whose surface was coated only with PLL, cell density remained
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around 30-40%, there were dead cells clumped on the surface of
the medium and no myotube development was observed. On all
other surfaces coated with ECM components, it was observed
that the cell density covering the surface and the development
of myotubes were more effective. On the culture surface coated
with gelatin, the number, diameter, length, and alignment of the
formed myotubes showed more limited development compared
to other ECM components, and the cells did not cover the entire
culture surface. The culture surfaces coated with fibronectin,
laminin, PLL+laminin, and matrigel were completely covered
by the cells. Additionally, on these surfaces, it was determined
that myotube development was more effective compared to
the remaining surfaces, with myotube length, diameter, and
alignment being similar to each other (Figure 1). Although it can
be observed under the microscope that myotube development is
more efficient on surfaces coated with ECM components than
other coatings, myotube diameter analysis was performed to
reveal which ECM component supports myotube maturation
more efficiently. For this purpose, analyses of measuring the
average myotube diameter and determining myotube contents
based on their diameters were utilized. The mean myotube
diameters of fibronectin, laminin, matrigel, PLL+laminin and
gelatin were 49.71lum (£16.3pm), 52.31pm (£15.7um), 51.9um
(*15.3um), 53.06pm (#14.2um) and 35.25um  (x11.4pm),
respectively (Figure 2A). While the diameters of myotubes
growing on culture surfaces coated with fibronectin, laminin,
matrigel and PLL+laminin showed a similar distribution, the
distribution of myotubes on surfaces coated with gelatin differed
from the others, with a higher percentage of small diameter
myotubes and a lower percentage of large diameter myotubes

compared to other coatings (Figure 2B).

DISCUSSION
Skeletal the

differentiation of myoblasts originating from progenitor cells,

muscle development and repair involve
which fuse with each other to form muscle fibers [4]. During
this process, myoblasts need to migrate to reach other myoblasts
if a new muscle fiber is being formed, or to reach the existing
muscle fiber if a damaged muscle fiber is being repaired. For
myoblasts to both migrate and differentiate, interaction with
cell adhesion molecules on the cell surface and the ECM is
necessary. The connections established by integrin proteins on
the surfaces of myoblasts and muscle fibers with the major ECM
proteins laminin and fibronectin regulate the processes involved
in skeletal muscle development and repair [22-26]. Laminin,

basal lamina’s primary component, consists of three polypeptide
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Figure 1. Morphological appearance of differentiated H2K myoblasts on different culture surfaces. Representative images
showing morphological features of myogenic changes of H2K myoblasts differentiated on culture surfaces coated with gelatin,

fibronectin, matrigel, PLL, laminin, and PLL+laminin after four days. The scale bar is 100 um.
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Figure 2. Myotube diameter analysis. (A) Mean myotube diameters. (B) Distribution of myotube diameters within each group. Data

are means = SEM.
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chains held together by disulfide bonds and plays a major role
in cell adhesion to the ECM [27-29]. Fibronectin, rich in RGD
(Arg-Gly-Asp) motifs which serve as ligands for integrins, is an
important ECM protein that facilitates cell binding to collagen
and proteoglycans found in the ECM [30]. The presentation of
these proteins, which support myoblast migration and muscle
fiber differentiation in vivo, to H2K cells in vitro supported
myoblast differentiation and myotube maturation. A similar
differentiation profile was found on surfaces coated with
matrigel. Matrigel is a basement membrane extract purified
from murine Engelbreth-Holm-Swarm (EHS) tumors. It is high
in laminin, entactin, collagen and proteoglycan levels but very
low in fibronectin. Matrigel also contains many soluble factors
that promote cell proliferation and growth such as transforming
growth factor (TGF-beta), epidermal growth factor (EGF),
insulin-like growth factor (IGF-1) and fibroblast growth factor
(bFGF) [31]. Therefore, matrigel’s ability to promote myoblast
differentiation may be attributed to the presence of laminin and
growth factors and partly to the presence of collagen. Gelatin is
a hydrolyzed derivative of collagen. Myoblasts bind to collagen
molecules via fibronectin, although there are some studies
showing that muscle fibers can bind directly to collagen [32,
33]. Although the coating of the culture surface with gelatin
supports myoblast differentiation, myogenesis efficiency seems
to be limited compared to other ECM components included
in the study. The PLL tested in this study did not promote
differentiation of myoblasts into myotubes. PLL, a synthetic
lysine polymer, mediates the cationic coating of the culture
surface and thus the binding of cells to the culture surface due
to their anionic membrane. The results of the study suggest that

a cationic surface alone is not sufficient for myogenesis to occur.

CONCLUSIONS

As the largest tissue in the human body, skeletal muscle supports
numerous vital activities, both mechanical and metabolic. Aging,
cancer, metabolic diseases, and various genetic conditions often
impair skeletal muscle function, significantly reducing quality
of life. Therefore, the development and function of skeletal
muscle are subjects of extensive research interest. In vitro
skeletal muscle models, created for this purpose, particularly
rely on primary myoblast cells that require adhesive conditions
similar to those in vivo. Within this study, using H2K cells akin
to primary myoblasts, it was demonstrated that merely coating
the culture surface with a cationic material does not support
myogenesis. Instead, it was shown that ECM components are

necessary to maintain cell viability and enable differentiation,

Akpulat U.

highlighting their critical role in this process.
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