
Summary. Some neuromuscular disorders, such as
Duchenne muscular dystrophy, hereditary inclusion body
myopathy, malignant hyperthermia, alcoholic myopathy
and mitochondrial myopathies are characterized by
oxidative stress and loss of muscle fibres due to
apoptosis. In this study we have analyzed muscle cell
death in vitro utilizing C2C12 myoblasts and myotubes,
inducing apoptosis by means of UVB irradiation. C2C12
cells were analysed by scanning and transmission
electron microscopy (SEM, TEM) as well as by TUNEL
reaction. DNA analysis was performed by gel
electrophoresis and flow cytometry. MitoTracker red
CMXRos and JC-1 fluorescent probes were also used to
study mitochondrial behavior. Finally, caspase activity
was investigated by means of Western blot, while
caspase-9 and -3 inhibitor effects by means of SEM.

SEM showed the typical membrane blebbing while
TEM revealed the characteristic chromatin condensation.
The TUNEL reaction presented a certain positivity too.
Apoptotic and non-apoptotic nuclei in the same myotube
were identified both by TUNEL and TEM.

Gel electrophoresis never showed oligonucleosomal
DNA fragmentation, in agreement with the cell cycle
analysis performed by flow cytometry which did not
reveal a sharp subdiploid peak. Mitochondrial response
to UVB was later investigated and a decrease in
mitochondrial functionality appeared. Caspase-9 and -3
cleavage, and, consequently, the activation of the
caspase cascade, was also demonstrated by Western blot.
Moreover a decrease in apoptotic cell number was noted
after caspase-9 and-3 inhibitor treatment.

All these results indicated that UVB irradiation

induces apoptosis, both in myoblasts and in myotubes,
the second being more resistant. DNA fragmentation, at
least the nucleosomic type, does not occur. A certain
double-strand cleavage appears in TUNEL analysis, as
well as characteristic ultrastructural changes in
chromatin.
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Introduction

Myotubes are cell syncytia generated, in vivo and in
vitro, by myoblast fusion forming a single
multinucleated structure which progressively becomes
muscle fibre after a number of morpho-functional
changes. While other syncytia, such as the trophoblast,
osteoclasts and chondroclasts, generally contain from 3
to about 8 nuclei, muscle fibres can have several
hundred to a few thousand nuclei, thus representing very
unusual biological models. Many studies have tried to
highlight apoptosis in syncytia, shown to possess a
certain territorial discontinuity, which is still correlated
to the cells initially forming them (Primeau et al., 2002;
Al-Nasiry et al., 2006; Yi et al., 2007; Yamaza et al.,
2008).

Skeletal muscle apoptosis is not yet a well
understood phenomenon, in particular in the case of
differentiated cells, where each myonucleus regulates the
gene products in a finite fiber volume (Aravamudan et
al., 2006) and individual myonuclear apoptosis, as well
as complete cell death, can occur (Primeau et al., 2002).

Muscle atrophy, a more diffusely described
condition, is characterized by a decrease in muscle mass,
protein content, fibre diameter, force production and
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fatigue resistance, as well as by changes in fibre type
(Ferreira et al., 2008; Schwartz et al., 2008). A
progressive structural change in the differentiated
phenotype of muscle cells can be observed; it includes
disalignment and spatial disorganization of myofibrils
with the formation of myofibril-free zones. Initially
these changes appear in subsarcolemmal areas around
myonuclei, then, in a second phase, they spread
throughout the sarcoplasm (Adhihetty et al., 2007).

UVB radiation is a potent apoptosis inducer in many
cell types (Hilder et al., 2005; Luchetti et al., 2006; Liu
et al., 2007; Pozzi et al., 2007; Paz et al., 2008),
apparently in muscle cells as well (Somosy, 2000; Jiang
et al., 2005).

It acts by producing oxidative stress through an
increase in the generation of Reactive Oxygen Species
(ROS), determining signalling events that lead to gene
expression changes, lipid peroxidation, DNA damage,
and apoptosis (Higuchi, 2004; Rezvani et al., 2006; Afaq
et al., 2007; Kanno et al., 2007). Reversible events
include temporary structural and functional alterations,
while irreversible events are represented by mutations,
malignant transformation, the development of abnormal
cell forms, and the ultimate consequence of cellular
radiation injury which is cell death . 

UVB can induce both extrinsic and intrinsic
apoptotic pathways and it is still unclear how these
pathways are interrelated (Sandri et al., 2001). However,
a mitochondrial involvement in UVB-induced apoptosis
is certain. In fact, it is well known that UVB irradiation
causes an alteration in the mitochondrial outer
membrane structure, correlated to a mitochondrial ∆γ
loss, causing permeabilization and cytochrome c release
(Hilder et al., 2005). Cytochrome c interacts with Apaf-1
(Apoptotic protease activating factor 1), which is a
cytosolic protein, to form the apoptosome, a large
oligomeric protein complex which causes self-cleavage
and activation of caspase-9. In the skeletal muscle cell,
activated caspase-9 stimulates the caspase cascade,
acting on effector caspases, caspase-3, -6 and-7 (Tews,
2006), which lead the cell to apoptosis (Jackson and
O’Farrel, 1993). 

Oxidative stress, mitochondrial damage and
apoptotic cell death are involved in various muscular
disorders, such as Duchenne muscular dystrophy,
hereditary inclusion body myopathy, malignant
hyperthermia, alcoholic myopathy and mitochondrial
myopathies (Sandri et al., 1998; Lee et al; 2005; Tews,
2005; Basset et al., 2006; Abdel et al., 2007; Amsili et
al., 2007; Nishida, 2007), however the apoptotic process
in skeletal muscle is still only partially understood. 

Therefore, the recently described role of apoptosis in
a number of muscle pathologies (Ikezoe et al., 2000,
2004; Min-Cheol et al., 2005; Palma et al., 2009)
prompted us to investigate this phenomenon, by means
of a multiple technical approach in skeletal muscle fibre
in vitro. 

In this work we have analysed C2C12, a muscle
murine cell line commonly used as a model for studying

skeletal muscle (Burattini et al., 2004). Both myoblasts
and myotubes were UVB irradiated and cell response
was investigated by means of TEM, SEM, TUNEL,
DNA electrophoresis, flow cytometry and caspase
Western blotting. 

Materials and methods

Cell culture and apoptosis induction 

Mouse C2C12 myoblasts were grown in flasks or on
coverslips (in dishes), in the presence of Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with
10% heat-inactivated Foetal Bovine Serum (FBS), 2mM
glutamine at 37° C and 5% CO2. To induce myogenic
differentiation, when 80-100% cell confluence was
obtained, the previous medium was substituted with
DMEM supplemented with 1% FBS. Cells were
analysed at undifferentiated and differentiated stages (7
days after differentiation induction). Differentiation
progression was monitored by means of a TE 2000-S
Nikon reversed microscope (RM) with a digital Nikon
DN100 acquisition system (Zamai et al., 2004; Curci et
al., 2008).

To induce apoptosis, myoblasts and myotubes were
exposed to 312 nm UVB radiation for 30 minutes at
room temperature, at a distance of 1 cm, followed by a 4
hour post-incubation at 37°C in humidified air with 5%
CO2. 

To test the effects of caspase inhibitors, C2C12 were
incubated with 5 µ M caspase-9 and -3 inhibitors
(Calbiochem, San Diego, USA) for 2 hours before
irradiation and compared to non-irradiated, identically
treated C2C12 cells.

Scanning Electron Microscopy (SEM)

Both control and treated myoblasts and myotubes
were directly cultured on coverslips in Petri dishes. After
careful washing with phosphate buffer, monolayers were
fixed with 2.5% glutaraldehyde in 0.1 M phosphate
buffer for 1hour, then quickly washed and post-fixed
with 1% OsO4 in the same buffer for 1 hour. After
alcohol dehydration, they were critical point dried, gold
sputtered and observed with a Philips 515 scanning
electron microscope. 

Myoblast blebbing was considered a criterion to
quantify apoptosis and its behavior in the presence of
caspase-9 and -3 inhibitors. The analysis was performed
on the whole area (5.29 cm2) of three different
coverslips, and compared to untreated and UVB-treated
specimens (Battistelli et al., 2004).

Transmission Electron Microscopy (TEM) 

Myoblasts, growing in flasks, were washed and
immediately fixed in situ with 2.5% glutaraldehyde in
0.1 M phosphate buffer for 15 minutes, then gently
scraped and centrifuged at 1200 rpm. Pellets were
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additionally fixed for 1hour, alcohol dehydrated, and
embedded in araldite. Myotubes, growing on coverslips
were identically fixed, but for 1hour and maintaining the
monolayer to preserve syncytia morphology as much as
possible. They were then post-fixed, dehydrated as
described above, and embedded in situ. Glass coverslips
were removed by dipping specimens in liquid nitrogen
and sections were carried out tangentially along the
monolayer plane. Thin sectioning was preceded by the
analysis of toluidine blue-stained semithin sections
which allowed an overall view of the specimen. Thin
sections were stained with uranyl acetate and lead citrate
and analysed with a Philips CM10 electron microscope
(Curci et al., 2008).

TUNEL

Cells, grown on coverslips, were washed and fixed
with 4% paraformaldehyde in PBS pH 7.4 for 30
minutes, rinsed with PBS and permeabilized with a
mixture 2:1 of ethanol and acetic acid for 5 minutes at -
20°C. For the TUNEL technique, all reagents were from
Apoptag Plus, D.B.A., Oncor and procedures were
carried out according to the manufacturer’s instructions.
Cells were treated with TdT buffer for 10 minutes at
room temperature and incubated with the reaction buffer
containing the TdT enzyme for 1 hour at 37°C in a
humidified chamber. The reaction was blocked by the
stop buffer for 10 minutes. Cells were incubated with a
FITC-conjugated anti-digoxigenin antibody for 30
minutes at room temperature. Finally, slides were
mounted with an antifading medium. Specimens were
observed and photographed with a VANOX (Olympus,
Milano, Italy s.r.l.) fluorescence microscope (Smith and
Tisdale, 2003).

Gel electrophoresis 

3x106 cells/ml were incubated at 37°C with 20 µl
proteinase K and the nucleic acid was extracted
following Qiagen kit procedures (Hilden, Germany). 2
µg of DNA per lane were run on 1.8% agarose gel (Bio-
Rad, Hercules, CA) in 0.5% Tris, 0.2% borate, 0.2%
EDTA 1x buffer, stained with 0.5 µ g/ml ethidium
bromide and visualized on an UV transilluminator (Bio-
Rad Laboratories, Inc., Milano, Italy) (Zamai et al.,
2004). Molecular weight marker (MW) was
AvaII/EcoRI-pBR322 (low range) (Bio-Rad
Laboratories, Inc., Milano, Italy) (Ormerod, 2004).

DNA content evaluation

Undifferentiated and differentiated cells were
harvested and fixed with 70% cold (-20°C) ethanol.
Samples were washed twice with PBS, then pellets were
resuspended in citrate buffer, propidium iodide (PI; 20
µg/ml) and RNAse (100 µg/ml). Samples were kept at
37°C in the dark for at least 30 minutes and analyzed to
determine the cell-cycle profile with the use of a

FACScalibur flow cytometer equipped with two lasers.
Data were acquired and analysed by CellQuest™ flow
cytometry software (Becton Dickinson, San Jose, CA). 

Assessment of ∆Ψm (mitochondrial membrane potential) 

To perform MT red CMXRos and JC-1 staining,
cells were incubated with dyes for 30 and 10 min at
37°C, respectively, in complete medium. These
fluorochromes passively diffuse across the plasma
membrane and accumulate in the negatively charged
mitochondrial matrix. The extent of dye uptake is
dependent upon the size of ∆ψm; dissipation of ∆ψm
results in a decrease in cell-associated fluorescence that
can be detected by flow cytometry. 

The mitochondria-specific dye Chloromethyl-X-
Rosamine (CMXRos; MitoTracker Red) was used at a
concentration of 100 nM to determine ∆ψm. 

JC-1 (5,5’,6,6’-tetrachloro-1,1’,3,3’-tetraethyl-
benzimidazolcarbocyanine iodide) was used at the final
concentration of 5 µg/ml (Cossarizza et al., 1993). This
dye excites at 488-490 nm, the monomeric form emits at
527 nm, and J-aggregates emit at 590 nm. 

In both cases, cells were incubated with fluoro-
chromes in the dark and then assayed by flow cytometry.
Suspensions of stained cells were analyzed using a
FACScalibur (Becton Dickinson Immunocytometry
Systems, San Jose, CA). Forward scatter (FS), side
scatter (SS), JC-1 monomers (FL1), JC-1 aggregates
(FL2) and CMX-Ros fluorescence (FL3) were collected
and analyzed using CellQuest™ software.

Statistical analysis

Flow Cytometric (FC) data (DNA content and
mitochondrial membrane potential) were presented as
mean ± SE. FC experiments were performed 3 times in
duplicate. Significant differences were detected, in
regard to CMXRos data, between control myoblasts and
UVB irradiated myoblasts, as in control myotubes and
UVB irradiated ones.

For DNA content evaluation and cell cycle phase
discrimination, data were quasi significant.

Statistical significance was determined using a
paired Student’s t-test. Data were presented as means ±
SE. Mean values were considered significantly different
at P<0.05. 

Protein assay

This was performed using the Bio-Rad Protein
Assay according to the manufacturer’s instructions. 

Preparation of cell homogenates and caspase Western
blot analysis

Cells were washed twice in phosphate-buffered
saline (PBS, pH 7.4) containing the Complete Protease
Inhibitor Cocktail supplemented with 1 mM Na3VO4.
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Fig. 1. Control myoblasts (A, C, E) and myotubes (B, D, F), analysed at RM (A, B), SEM (C, D) and TEM (E, F). Cell surface appears smooth, with
occasional microvilli, in both conditions (C, D). Inner cell ultrastructural analyses (E, F) evidences a good preservation of organellar components, in
particular the large number of mitochondria present in myotubes (F). Scale bars: A, C, D, 10 µm; B, 20 µm; E, 1 µm; F, 2 µm
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Fig. 2. Both myoblasts (A, C, E, F) and myotubes (B, D, G, H), at RM (A, B), SEM (C, D) and TEM (E, F, G, H) evidence profound changes after UVB-
treatment. Monolayer organization appears greatly modified when compared to controls and cell surface undergoes a diffuse blebbing (C, D). A general
vacuolization (E, F, H) (v) and mitochondrial swelling (F, H) (triangle) appear. Myoblast nuclei show apoptotic changes at TEM (F) and the presence of
non- apoptotic (Nor), apoptotic (A) and necrotic (Nec) nuclei can be occasionally revealed in the same myotube (G). Scale bars: A, 20 µm; B, C, D, 10
µm; E, F, 1 µm; G, H, 2 µm

 



densitometric scanning (Falà et al., 2008). 

Results

Control myoblasts observed at RM appeared
separated by wide intercellular spaces, either star-shaped
or fusiform, with one large central nucleus (Fig. 1A).
Long multi-nucleated myotubes, in close contact with
each other (Fig. 1B), were present in the differentiated
condition. 

Cell surface analysis, performed with SEM, showed
a relatively smooth cell surface, with occasional
microvilli both at undifferentiated and differentiated
stage (Fig. 1C,D). TEM revealed good organelle
preservation (Fig. 1E,F) and clearly recognizable nuclear
domains. In particular, a large number of mitochondria
appeared in myotubes (Fig. 1F). UVB irradiated samples
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Fig. 3. C2C12 undifferentiated (A) and differentiated (C) control cells appear TUNEL negative. Differently, both UVB-irradiated myoblasts (B) and
myotubes (D, E) result TUNEL positive. Myotubes, better observable also in phase contrast (D, inset), are characterized by the presence of positive (+)
and negative (-) nuclei in the same cell (D, E). Nuclear fluorescence appears diffuse. Scale bars: 30 µm.

Cells were lysed at 107/ml in boiling electrophoresis
sample buffer containing the protease inhibitor cocktail.
Lysates were then briefly sonicated to shear DNA and
reduce viscosity, and boiled for 5 minutes to solubilize
protein. Protein separated on sodium dodecylsulphate
polyacrylamide gel electrophoresis (SDS-PAGE) was
transferred to nitrocellulose membranes using a semidry
blotting apparatus. Membranes were saturated for 60
minutes at 37°C in blocking buffer (PBS supplemented
with 5% non-fat milk), then incubated overnight at 4°C
in blocking buffer containing the primary antibody. After
four washes in PBS containing 0.1% Tween 20, samples
were incubated for 30 minutes at room temperature with
peroxidase-conjugated secondary antibody diluted
1:5000 in PBS-Tween 20, and washed as above. Bands
were visualized by the ECL method. The statistical
analysis of Western blotting data was performed by

 



revealed profound changes in monolayer organization, as
well as significant surface and inner-cell ultrastructural
alterations. Large cell-free spaces appeared in the
myoblast monolayer and cells showed progressive bleb
formation (Fig. 2A,C). A characteristic increase in the
anchorage to the underlying substrate, revealed by the
resistance to trypsin treatment (at least 20 minutes vs 5
minutes for control condition) also appeared (not
shown). In differentiated conditions, UVB caused a
massive myotube detachment from the substrate (Fig.
2B), and again, bleb formation clearly evidenced by
SEM (Fig. 2D). 

TEM of UVB-irradiated myoblasts revealed a
general cytoplasmic vacuolization (Fig. 2E,F) and
frequently, a characteristic chromatin margination at the
nuclear periphery, sharply separated from the diffuse
form. Even if dense, cup-shaped masses, comparable to
those of more classic apoptotic models (Falcieri et al.,
1994; Shiokawa et al., 2002) could not be found, the
evidenced nuclear features, when analysed in detail,
appear to suggest apoptosis. Cell vacuolization could
also be revealed in UVB-treated myotubes, as well as
apoptotic patterns. Interestingly, apoptotic, non apoptotic
and necrotic nuclei could occasionally be observed
within the same myotube (Fig. 2G,H).

After UVB radiation both cell conditions showed a
certain positivity to the TUNEL reaction (Fig. 3), even if
in an unusual manner: in fact, cup-shaped apoptotic
chromatin and micronuclei were rarely detected, but the
common pattern of apoptotic nuclei was represented by a
diffuse fluorescence (Fig. 3B,D,E). TUNEL also
revealed the presence of positive and negative nuclei in
the same myotube, as could be better observed by

coupling fluorescence and phase contrast microscopy
(Fig. 3D). This discontinuous fluorescence distribution
within the same myotube can be correlated, in our
opinion, with TEM observations, contemporarily
revealing both living and dead nuclei. All this suggests
unusual DNA behavior and is supported by gel
electrophoresis assays that did not show oligo-
nucleosomal DNA fragmentation in irradiated myoblasts
nor in myotubes (Fig. 4).

This behavior is mostly in agreement with cell cycle
analysis performed by flow cytometry, where an evident
hypodiploid peak could not be revealed. 

Cell-cycle phase investigation showed a certain
stability in myotubes in both control and UVB irradiated
samples.

Differently, irradiated myoblasts showed a slightly
higher percentage of S and G2/M events (20±3% and
22±2%, respectively) in comparison to control
myoblasts (14±2% and 15±1.5%, respectively, p≤ 0.5)
(Fig. 5). This could be due to a possible radiation-
induced G2/M block, frequently observed in cells which
are still dividing. In myotubes, which have lost the
ability to re-enter the cell cycle, S and G2/M phase
events were comparable in control and treated
specimens.

Flow cytometry was used to investigate, in both
conditions, mitochondrial membrane potential response
to UVB-radiation. MT red CMXRos and JC-1 (data not
shown) analyses were conducted (Fig. 6, 7) in both
control and UVB conditions. In UVB irradiated cells,
histograms showed a decrease in mitochondrion-specific
probe fluorescence (Fig. 6, 7). Furthermore, it was
possible to observe a different type of fluorescence loss
in myoblasts with respect to myotubes (Fig. 6): in fact,
in the latter a bimodal distribution seems to represent a
possible coexistence of collapsed and functional
mitochondria.

Mitochondrial involvement can be further confirmed
by the study of caspase behavior, analysed by Western
blot. In irradiated samples, caspase-9 and -3 cleavage
(Fig. 8A,B) could be observed, while caspase-8 cleavage
(typical of the extrinsic pathway) was not revealed (Fig.
8C). 

The utilization of caspase-9 and -3 inhibitors seemed
to markedly, if not completely, reduce apoptosis. In
particular, SEM analysis showed 30% myoblasts with
surface blebbing. The percentage considerably decreased
to 17% and 13% using caspase-9 and -3 inhibitors,
respectively (Fig. 9). The same study was not possible
on myotubes because the monolayer architecture did not
permit a reliable cell count. 

Discussion

All the results obtained from our studies indicate
that, even if skeletal muscle cells have been long
considered relatively resistant to apoptosis, UVB
irradiation apparently induces it in C2C12 cells, where it
has been proven by a several pieces of morphological
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Fig. 4 Agarose gel electrophoresis. Oligonucleosomal DNA
fragmentation is absent both in irradiated myoblasts and myotubes.



and biochemical evidence. RM, SEM and TEM show
apoptotic cell features, but they are only partially
comparable to those widely described in classical
apoptotic models: in fact, cup-shaped dense chromatin,
nuclear pore clustering and micronuclei can never, or
very rarely, be identified, while early chromatin
margination and occasional micronuclei seem to be the
most common ultrastructural markers (Stuppia et al.,
1996). This behavior can be correlated to the appearance
after the TUNEL reaction, which mainly shows a diffuse
fluorescence rather than fluorescent cup-shaped patches.
TUNEL patterns presumably reflect the lack of

oligonucleosomal DNA cleavage, indicated by gel
electrophoresis and flow cytometry cell cycle analysis:
the presence of a ladder and/or an easily recognizable
subdiploid peak can never be revealed (Grzanka et al.,
2006). This behavior of C2C12 cells could depend on
the apoptotic trigger: in fact, DNA cleavage was
reported by Smith and Tisdale, 2003, after treatment
with a tumour-derived proteolysis-inducing factor.
Furthermore, flow cytometry seems to indicate a certain
G2/M arrest in UVB irradiated myoblasts, showing a
22% G2/M event percentage, vs 15% in the controls.
Differently, treated myotubes appear comparable to
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Fig. 5. DNA content
evaluation of C2C12
myoblasts and myotubes,
respectively. It is possible to
observe the lack of subdiploid
peak, particularly in UVB
irradiated myotubes.



untreated ones. Therefore C2C12 seem to be a relatively
resistant cell line, in particular when these cells
differentiate into myotubes. 

An intriguing behavior is an increase in myoblast
substrate anchorage, which is expressed through a
prolonged (up to 20 min) trypsin resistance. This could
be interpreted as an effect of UVB treatment on the
cytoskeleton (Luchetti et al., 2004), although
independent of apoptotic response. Further studies are in
progress to better highlight this phenomenon. 

The behavior of mitochondria was then analysed.
TEM observations reveal that mitochondria, as in

other experimental models such as hemopoietic ones
(Luchetti et al., 2006), are deeply affected by UVB-
treatment. Moreover, there is a decrease in mitochondrial
membrane potential, as highlighted in flow cytometry,
by MT red CMXRos. In particular, such probes show a
different fluorescence pattern in myotubes vs myoblasts
as described. In fact, in myotubes it is possible to
observe the coexistence of collapsed and functional
mitochondria, presumably correlated to a larger number
of mitochondria in the myotube.

Finally, Western blot analysis of caspase activity
shows caspase-9 and -3 cleavage, while no activation
can be demonstrated for caspase-8. Moreover, the
response to caspase-9 and -3 inhibitors, which seem to
partially prevent apoptosis, indirectly suggests the
presence of intrinsic pathway activation. In particular,
there is no relevant difference between the inhibition of
caspase-9, which acts only on the intrinsic apoptotic
pathway, and that of caspase-3, involved both in the
intrinsic and extrinsic pathway (17% vs 12% of cell
blebbing presence). This result suggests a massive
activation of the apoptotic mitochondrial pathway, as
also indicated indirectly by flow cytometry analyses of

mitochondrial functionality, which does not exclude, in
any case, an extrinsic apoptotic pathway.

We can conclude that UVB irradiation, causing an
overproduction of ROS (Kovacs et al., 2009), triggers
apoptosis in skeletal muscle cells in both
undifferentiated and differentiated conditions. Cell death
is partially due to mitochondrial damage followed by
cytochrome c release that determines the activation of
caspase-9 and, subsequently, the caspase cascade leading
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Fig. 7. Histograms showing changes in mitochondrial membrane
potential (∆Ψm) after UVB irradiation (in a representative experiment).
Mitochondrial alterations are significant (p<0,05) in both conditions,
although a more pronounced reduction in myoblasts ∆Ψm vs myotubes
is evident.

Fig. 6. Mitochondrial membrane
potential evaluation in control (empty
histogram) and UVB irradiated (filled
histogram) in myoblasts and
myotubes, by means of CMXRos
labell ing. Histograms show the
decrease in mitochondrial membrane
potential occurring in cells after UVB
irradiation. Furthermore, it is possible
to observe a different type of
fluorescence loss in myoblasts when
compared to myotubes: in fact in the
latter a bimodal distribution seems to
represent a possible coexistence 
of collapsed and functional
mitochondria.



to cell apoptosis. 
Nevertheless, C2C12 cells seem to be less

responsive to apoptosis, especially at the differentiated
stage, if compared to hemopoietic cells. In particular,
their apoptotic morphological and biochemical features,
when present, are different from those of most cell 
lines. 

In myotubes, a very unusual cell model as are all
syncytia, we have noticed the presence of apoptotic,
non-apoptotic and necrotic nuclei in the same fiber. A
possible interpretation of this phenomenon is that the
myotube, deriving from the fusion of a number of
mononucleated cells, presumably maintains a certain
morpho-functional territorial organization (Primeau et
al., 2002; Al-Nasiry et al., 2006; Yi et al., 2007;
Bruusgaard and Gundersen, 2008; Yamaza et al., 2008),
which determines independent apoptotic responses in the
various nuclei. In a previous work, concerning the
syncytiotrophoblast, a very different model which
undergoes apoptosis in particular conditions, we have
already discussed this feature (Battistelli et al., 2004) .

The aim of this work was to investigate the apoptotic

behavior of the C2C12 cell line with the purpose of
highlighting cell death in skeletal muscle tissue which
has been long considered very resistant. Programmed
muscle cell death has been reported (Schwartz, 2008)
after denervation and also during development, in
tendon-muscle crosstalk failure (Rodriguez-Guzman et
al., 2007). Moreover, it is well known (Amsili et al.,
2007; Nishida et al., 2007) that apoptosis is involved in
some types of neuromuscular disorders, such as
Duchenne Muscular Dystrophy and some other muscle
diseases which are characterized by an involvement of
oxidative stress and a loss of muscle fibres. 

The study of apoptosis in the skeletal muscle cell
appears to be extremely important in identifying cell
markers as potential prognostic and therapeutic targets. 

Our work suggests that apoptosis occurs in the
absence of nucleosomic DNA cleavage, but in the
presence of a certain diffuse double-strand DNA
fragmentation. Typical apoptotic chromatin changes also
appear, together with the presence of non-apoptotic,
apoptotic and necrotic nuclei in the myotube, within the
same syncytium.
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Fig. 9. Histogram of cell blebbing percentages
from SEM analyses on 3 coverslips per
condition (in a representative experiment): a
30% myoblast blebbing of UVB-treated
specimens is reduced to 17% and 13% using
caspase-9 and -3 inhibitors, respectively.

Fig. 8. Western blot analyses. In irradiated samples a caspase-9 and -3 cleavage (A, B) is clear, while that of caspase-8 is not revealed (C). For the
blots, protein levels were quantified by using Image J software as described under Materials and Methods. Band intensities of UVB treated specimens
were normalized to 1, and control samples were expressed as fraction.
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