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Abstract

The C2C12 myoblasts are adult murine muscle stem cells which isolated after injury
to induce muscle regeneration. The cells are widely used in pharmaceutical and biological
researches to represent skeletal muscle cells. In our laboratory, we utilize the cells for glucose
uptake assay after insulin treatment and studying the muscle regeneration. In this study
we conducted recloning of C2C12 cells by limiting dilution cloning (LDC) and investigated
the biological properties incuding cell proliferation, adhesion and differentiation of the
clonal cells in comparison to the parental cells. Cell proliferation rate had been determined
by WST assay, cell adhesion had been observed after cell detachment by EDTA and cell
differentiation into multinucleated myotube had been investigated after induction and
incubation with horse serum. As results, two clonal derivatives of C2C12 myoblast cells
had been retrieved by LDC and used for cell assays. Moreover, the results indicated that
parental cells showed faster proliferation rate and better differentiation ability than that
of clonal cells. In the contrary the parental cells exhibited weaker adhesion rate than
clonal cells. To conclude, C2C12 parental cells are better for performing the glucose uptake
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or muscle regeneration assays since they showed better differentiation capability.

Keywords: C2C12 cells, cells differentiation, myoblast, myotube, recloning.

INTRODUCTION

The C2C12 cells are mononucleated and
spindle-shaped adult muscle stem cells known as
satellite or myoblasts cells (Scharner and Zammit,
2011). The C2C12 myoblast was originated from
the line C2 of 2 months-old C—3H mice primary
cell cultures. Seventy hours before serial passage
of myoblast, the mice muscle was treated with
crush injury with a strong forceps to induce
muscle regeneration (Yaffe and Saxel, 1977).
The C2CI12 myoblasts proliferate exponentially
in an appropriate growing condition at lower
cell density (Tanaka, et al., 2011). On the other
hands, after confluence, the cells are capable of
differentiating into myocyte and multinucleated

myotubes in which the process can be accelerated
upon incubation with low serum condition (Cheng,
et al., 2014). The myotube form of C2C12 cells
have been widely used in pharmaceutical and
biomedical research to represent skeletal muscle
cells (Magnall, et al., 1993). The studies include
regulations of muscle mass development and
maintenance (Murphy et al., 2016), muscle cell
growth, development, and function under hormonal
control (Rodgers et al., 2014) and insulin resistance
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and disease progression at molecular levels (Wong,
2020). In our laboratory, we use C2C12 cells for
glucose uptake assay, studying muscle regeneration
as well as cachexia. Considering that differentiation
is an important process in studies using C2C12
cells, the appropriate culture condition should
be considered to ensure there is no alteration of
cell’s phenotypes including cellular activity, cell
adhesion, proliferation which could be affect to
myogenic differentiation (Cornelison, 2008).

The C2CI12 cells should be maintained
in a suitable condition in order not to lose the
myoblastic features. At high cell density and at
an over-confluence state, the cells may decrease
their capabilities to proliferate and gradually
promote differentiation into myocytes, resulting
in a heterogeneous population that could affect
further culture conditions during biological assays
(Cornelison, 2008) (Gurdon, Lemaire and Kato,
1993). The morphological changes are observable
from myoblast to more prolonged myocytes with
smaller nuclei. In this study, we had performed
the C2CI12 cells recloning to obtain the clonal
derivatives and investigate their characteristics in
comparison to parental cells.

MATERIALS AND METHODS

Cell Culture

The C2C12 myoblast cells were obtained
from Prof. Hiroshi Itoh, Nara Institute of Science
and Technology (NAIST), Japan. The cells were
propagated in the growth medium Dulbecco’s
Modified Eagle Medium (DMEM) supplemented
with 15% (V/V) Fetal Bovine Serum (Sigma,
St. Louis, Missouri, USA) and 100 unit/mL
penicillin-100 pg/mL  streptomycin antibiotics
(Gibco, New York, USA)in a 5% CO, incubator
at 37°C. The cells were maintained at lower cell
density to prevent cell differentiation into myocyte.

Recloning of C2C12 Cells

The C2C12 cells were recloned by limiting
dilution cloning (Freshney, 2015) . The C2C12 cells
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were harvested and seeded at a density of 10 cells/
mL onto a 96 well plate. The plate was incubated
for several days in the incubator until the growing
clones could be observed. Furthermore, the single
clones were selected and supplemented with fresh
medium. Cells incubation was continued until day 8
post-seeding. The selected single clonal population
showing different cell morphologies were scaled
up onto 6 cm culture dishes and used for further in
Vitro assays.

Cell Proliferation Assay

Cell proliferation was measured by using
Water Soluble Tetrazolium salt (WST) assay (Roche,
Basel, Swiss). First, the C2C12 cells were seeded
at the density of 4,000 and 10,000 cells per well
onto 96-well plates. The cells growth rate was then
investigated after 18, 42, 66 and 90 h incubation,
respectively. At the end of incubation, WST assay
was performed according to the manufacturer’s
protocol. The relative cell growths were calculated
by dividing the normalized absorbance measured
at 42, 66, or 90 h incubation with the normalized
absorbance measured at 18 h incubation. Each
treatment was performed in triplicate.

Differentiation Assay

The parental C2C12 and its
derivatives were seeded at a density of 75,000 cells/
mL in a 6 well plate in the growth medium. Two
days after seeding (DO0), the medium was replaced
by differentiation medium containing 2% horse
serum/DMEM. The differentiation medium was
periodically replaced with fresh medium every 2
days. The myotube formation was observed after
6 days incubation in differentiation medium (D6).
The cells were fixed and stained using 1% crystal
violet and observed using a microscope to analyze
the differentiation and fusion index (Yang, et al.,
2013) (Septisetyani, et al., 2021).

clonal

Cell Adhesion Assay
The C2C12 parental and clonal cells were
harvested by using 10 mM EDTA. To each 10 cm
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Figure 1. Recloning of C2C12 cells. A. Schematic representative of limiting dilution cloning and retrieval
of single clones. B. Images of six clones which were retrieved for further cell propagation. C. The
morphology of the clonal cells after cell propagation in 6 cm culture dishes.

culture dish, about 2 mL of EDTA solution was RESULTS

added after two times washing with PBS. EDTA

solution was then aspirated, leaving a thin layer of Recloning of C2C12 Cells

the solution to cover the cells. Then, the cells were The C2C12 parental cells had been recloned
incubated for 5 minutes in CO, incubator. The cells by using limiting dilution method to obtain the
were seeded at a density of 300,000 cells/mL in 96 clonal derivatives. Eight days after cloning, six
well plate and the cells attachment was investigated ~ populations of single clone were retrieved and

after 2 h incubation. propagated into 6 cm culture dishes. The clonal
(A) (B)
40,000 cell/ml Seeding Density 100,000 cell/ml Seeding Density
45 25
| ‘ £
5 35 4 3 2
g 31 = P
9 G,
=25 + =
3 2| —+— Parental & —+— Parental
E 15 4+ . ® Clone 4 g 1 ® Clone 4
2 14 ——Clones B L ke Clone 5
& o ;: one é 05 ] —a—Clone
t t $ 1 0 + + 4
0 20 40 60 80 100 ] 20 40 60 80 100
Incubation Time (h) Incubation Time (h)

Figure 2. Proliferation rate of parental and clonal C2C12 cells at different seeding densities as indicated
in the graphs. Cell viability after 18, 42, 66, and 90 h incubation were determined by using WST assay.
The relative cell growth was quantified to analyze the cells proliferation rate. Bars indicated SD of data
in triplicate.
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Figure 3. Representative images of parental and clonal C2C12 cells adhesion two h after seeding. The cells
were harvested by using EDTA and seeded at 300,000 cells/mL density onto a 96 well plate. Blue arrow in-
dicates round cell with weak adhesion state; red arrow indicates cell with intermediate state of adhesion;
orange arrow indicates cell with higher adhesion state.

cells showed distinct proliferation rate. Among
six clones, clone 4 and 5 exhibited the fastest cell
growth and picked up for further assays, including
proliferation, adhesion, and differentiation assays.

The C2C12 Cells Proliferation Rate

Relative cell growth was observed to
analyze the proliferation rate of parental C2C12
and its clonal derivative cells. The results showed
that different initial seeding density influences the
growth kinetics of both parental and clonal cells.
At 40,000 cell/mL seeding density, all parental
and clonal cells proliferated exponentially, with
parental cells showed higher proliferation rate, and
reached a peak at 66 hours incubation. On the other
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hand, at 100,000 cell/mL seeding density, cells
might enter stationary phase and grew more slowly.
In conclusion, at two different seeding densities,
the parental cells exhibited higher proliferation rate
compared to both clone 4 and 5.

Cell Adhesion

The C2C12 cells are adherent -cells
which grow by attaching to the culture vessel.
The interaction of cell with culture vessel, which
had been coated with extracellular matrix (ECM)
mimics material, is an initial step that could affect
to cellular activity as well as cell communication,
proliferation and differentiation (Cernochova, ef al.,
2020). In this study, the cell initial attachment rate
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Figure 4. Representative images showing the parental and clonal C2C12 cells after differentiation in-
duction. A. Schematic representation of C2C12 differentiation into multinucleated myotubes. B. Phase-
contrast micrographs of parental and clonal cells at DO and Dé6. C. Representative crystal violet staining
images of parental and clonal cells at DO and Dé.
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Figure 5. Quantification of differentiation (FI) and fusion index (Fl). A. Representative image of multinu-
cleated myotubes formed in C2C12 parental cells. Arrows indicate the multinucleated myotubes. B. The
differentiation state of parental cells at D6 which was represented by DI and Fl. The crystal violet staining
was used to visualize the multinucleated cells to calculate the DI and Fl.

of the clonal cells was investigated in comparison
to the parental C2C12 cell. The cells were harvested
by EDTA without trypsin to maintain position of
adhesion receptors in the cell membrane (Huang, et
al.,2010) (Schubert, et al., 2014). The result exhibits
that clone 4 had adhered better in the culture vessel
within 2 h post seeding in comparison to parental
and clone 5 cells.

Investigation of Cell Differentiation

The ability of parental and clonal C2C12
cells to differentiate into myotubes were observed.
The result showed that myotube structures were only
formed in parental cells which had been observed
well either in unstained or stained cells. In contrast,
the clonal cell did not show the formation of
myotubes. This phenomenon might occur because
of the different level of cell densities two days
post seeding when the time of the differentiation
induction had been started (Figure 4). In addition,
the differentiation state of parental cells was defined
by the value of differentiation index (DI) and fusion
index which (FI) represented by 0.712+0.104 for DI
and 0.504+0.089 for FI (Figure 5).

DISCUSSION
The C2C12 cells should be maintained

properly to preserve the myoblastic properties
and myogenesis capabilities for their application

in pharmaceutical and biological researches. The
optimization of cell growth condition is a primary
step to do in relation to the heterogeneity of the cell
population. In this study, we conducted recloning
process to investigate the cellular properties of the
clonal cells related to myogenesis including initial
adhesion, proliferation and differentiation in com-
parison to the parental cell. The recloning process
was performed by limiting dilution cloning (LDC)
which is economical and easy to be performed
(Priola, et al., 2016). From six single clones which
had been isolated and observed with different cell
morphologies, clone 4 and 5 showed higher prolif-
eration rate than other clones and applied for the
next examination.

Cellular adhesion in important in
affecting cell migration and proliferation (Acha-
rya and Yap, 2016). For adherent cells, different
strength of cell adhesion to the culture vessel may
contribute to different cell spreading morphologies
(Martin-pardillos, et al., 2019). Thus, the clonal
derivatives and the parental cells might show
different adhesion strength due to their
different cell morphologies. Here, we observed
initial cell adhesion capability in two h after cell
seeding. Interestingly, clone 4 cells showed better
cell spreading, followed by clone 5, which rep-
resents better cell adhesion. Meanwhile parental
cells showed less spreading morphology indicating
weaker cell adhesion. These phenomena might be
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implicated in their difference on cell proliferation
wheretheparental cellswithweakeradhesionshowed
higher proliferation rate (Cernochova, et al., 2020.
The parental cells consist of more heterogenous cell
population than the clonal derivatives which may
contribute to the difference of initial cell attach-
ment and spreading (Martin-pardillos, ef al., 2019).

The proliferation assay of the C2C12 pa-
rental and single clonal derivatives had been con-
ducted in two different seeding conditions. Lower
cell seeding density promoted higher proliferation
rate than higher cell seeding density. At higher cell
density, intercellular communication via gap junc-
tions results in the contact-inhibition of cell divi-
sion. Furthermore, less nutrients and hypoxia occur
faster in more crowded cells (Zhou, et al., 2011).

Both cell adhesion and proliferation have
been implicated in myogenesis. Eventhough
proliferating cells possess contradictory cellular
properties to the differentiating cells, however, cell
proliferation support higher cell number or den-
sity as one of prerequisites of myogenesis. During
differentiation assay in this study, only parental
cells reached appropriate cell density to undergo
cell differentiation whereas the clonal cells failed
to differentiate (Figure 4). As mentioned in the pre-
vious section, proliferation rate of the parental cells
was highest among the cells tested. Once the cells
reach higher confluence, cell cycle negative regula-
tors such as decorin, cyclin D3, and CDKI p21 and
differentiation markers such as MyoD and myo-
genin will be upregulated (Tanaka, et al., 2011). In
addition, cell adhesion and density will affect cell-
cell fusion to form multinucleated myotubes. Upon
differentiation, C2C12 cells form syncytia which
represent strong intercellular adhesion which pro-
motes fusion (Tachibana and Hemler, 1999)

The C2CI12 cells will differentiate into
myocytes and gradually form myotubes once they
reach confluence. At this condition, the prolifera-
tive activity of the cells will eventually decrease,
which affects the cell growth on the daily culture
basis. Our parental cells showed distinct myogenic
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properties than that of the clonal cells which in-
dicated that heterogeneity of cell population exist
in the parental cells. However, this parental cell
population possesses better myogenic properties
than homogenous cell population of the clonal cells.
Furthermore, to preserve the myoblastic properties
of parental C2C12 cells, appropriate cell culturing
condition by maintaining cells at lower densities
is recommended to keep C2C12 cells’ myoblastic
properties. (Tanaka, et al., 2011). Based on this
study, we obtained information that the heteroge-
neity of parental cell affected the cell proliferation
rate and cell adhesion which are important to main-
tain the cell myoblastic properties and capability to
undergo the myogenesis.

CONCLUSION

Two clonal derivatives of C2C12 myoblast
cells which had been retrieved in this study showed
different phenotypes from the parental cells. The
clonal cells exhibited faster cell adhesion and
spreading after cell detachment by EDTA. Mean-
while, parental cells showed higher proliferation
rate and better differentiation ability than that of
clonal cells.
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