cta
Biochimica
olonica

VYol. 52 No. 4/2005, 927-930

on-line at: www.actabp.pl

Communication

Modulation of ERK1/2 activity is crucial for sphingosine-induced death
of glioma C6 cells
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In this study the contribution of the ERK1/2 pathway to sphingosine-induced death and morpho-
logical changes of the actin cytoskeleton in glioma C6 cells was investigated. Surprisingly, the
level of ERK1/2 phosphorylation does not change after incubation of cells with sphingosine. De-
spite this, sphingosine induces rounding and detachment of cells without formation of apoptotic
bodies. To shed light on this process, a specific inhibitor of ERK1/2 phosphorylation, U0126, was
used. Cells incubated simultaneously with sphingosine and U0126 not only detached, but also
exhibited formation of apoptotic-like blebs. These data suggest that during sphingosine-induced
glioma C6 cell death apoptotic blebbing is dependent on ERK1/2 signalling and occurs only
when ERK1/2 activity is decreased or abolished.
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Many natural and pathological cellular pro-
cesses, including migration, invasion, cell division
and apoptosis are well understood in general. How-
ever, some aspects of these processes are still un-
clear. One of them is formation of apoptotic bodies.
Dying cells exhibit a number of ordered phases, in-
cluding loss of mitochondrial potential, externaliza-
tion of phosphatidylserine, fragmentation of DNA
and finally formation of apoptotic bodies (Kerr et
al., 1972; Green, 1998). Especially this last event
differentiates typical apoptosis from other types
of cell death. Cells that undergo apoptosis can be
eliminated in a different way than cells which do
not exhibit blebbing. A lack of bleb formation fol-
lowing creation of apoptotic bodies often leads to
impaired cell removal. Causes of cell death with-
out creation of blebs are still unclear. One reason
could be weak activation of prosurvival pathways
in the dying cells (Miller & Kaplan, 2001; Burstein
& Ducket, 2003; Wajant ef al., 2003).

Experiments described in this paper are fo-
cused on sphingosine, a specific compound that
combines proapototic and prosurvival features. This
makes it possible to investigate the situation when
cells are under the influence of those two opposing
signals.

Sphingosine is an essential carboamnioalco-
hol normally present in the cell membranes (Spie-
gel et al., 1998). It has been proven that in higher
than physiological concentration sphingosine in-
duces death in many cell types (Cuvillier, 2002).
Exogenously added, it alters the precise balance
between sphingosine-1-phosphate and ceramide,
the products of sphingosine catabolism. Sphingo-
sine-1-phosphate is known for its antiapoptotic ef-
fect, while cermide as well as sphingosine itself
can induce death (Sweeney et al., 1996; Stoica et
al., 2003). All derivates of sphingosine influence
the MAPK pathway (Sato et al., 1999; Pebay et
al., 2001) and have an effect on cytoskeleton re-
arrangement (Van Brocklyn et al., 1999; Chang et
al., 2004). One of the most important members of
MAPK is ERK1/2, involved in both survival and
cell death (Freeman, 2004). Decreased phosphory-
lation of ERK is observed in most cases of apop-
totic death. On the contrary, ERK1/2 activation
is often considered as a sign of escape from the
death course. Sphingosine itself and its derivatives
can have activatory as well as inhibitory effects
on that kinase. Therefore, experiments described
in this paper are focused on death processes in-
duced by sphingosine with a special attention on

Abbreviations: CDS, cell dissociation solution; DAPI, 4’,6-diamidino-2-phenylindole; ECL, chemiluminescence detection
system; ERK, extracellular signal-regulated; MEK, MAPK/ERK kinase; NCS, newborn calf-serum; PBS, phosphate-buff-

ered saline; SPH, sphingosine.
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its role in the modulation of the ERK1/2 pathway
in glioma C6 cells.

MATERIALS AND METHODS

Materials. Minimum essential ~—medium
(MEM), newborn calf serum (NCS), antibiotics,
MEM vitamins, MEM nonessential amino acids and
phosphate-buffered saline (PBS) were from Gibco
BRL. Mounting medium with 4’,6-diamidino-2-phey-
lindole (DAPI) was from VectaShield (Bourlingame,
CA, USA). ALEXAfluo488 conjugated with phalloi-
dine was from Molecular Probes. Complete EDTA-
free protease inhibitors were from Roche. Antibod-
ies recognizing phosphorylated p44/42 MAP kinase
(Erk1/2; Thr202/Tyr204) and horseradish peroxidase-
conjugated anti-rabbit IgG were from Cell Signal-
ling. Horseradish peroxidase-conjugated anti-mouse
IgG antibodies and antibodies against [3-actin were
from Oncogene Research Products. Nitrocellulose
membrane and enhanced chemiluminescence detec-
tion system (ECL) were from Amersham Pharmacia
Biotech. All other reagents were purchased from
Sigma Chemical Co. Medical X-ray films were from
FOTON TRADING Poland.

Cell culture. Rat C6 glioma cells (American
Type Culture Collection) were cultured in MEM
supplemented with 10% NCS, penicillin (50 IU),
streptomycin (10 ug/ml), amphotericin B (25 pg/ml)
and 2 mM r-glutamine in a humidified atmosphere
of 5% CO, at 37°C. For experiments, cells were culti-
vated in the full MEM supplemented with 10% NCS
to reach 90% confluence. In the case of sphingosine-
or U0126-treated cells, the medium was changed to
MEM without NCS, and then sphingosine diluted in
NCS or U0126 diluted in DMSO were added.

DAPI staining. Intact cells grown on glass
cover slips (85% of confluence) were washed with
PBS and fixed with 3.5% paraformaldehyde in PBS
for 30 min at room temperature. This was followed
by PBS rinse and permeabilization with 0.1% Triton
X-100 in PBS. After two washes with PBS, staining
with DAPI was accomplished by mounting the cover
slips in mounting medium containing DAPI. Nuclear
morphology was visualized by fluorescence micros-
copy using excitation at 330-380 nm and emission at
>450 nm. The observations were performed with a
Nikon Diaphot inverted microscope equipped with
a 40/0.55 LWD objective lens. All image processing
was done in the Adobe Photoshop 6.0 program.

Staining for filamentous actin. Intact cells
grown on glass cover slips (85% of confluence)
were washed, fixed and permeabilized as described
above. After two washes with PBS, staining for fil-
amentous actin was accomplished by incubation
with 1% ALEXAFLUO488-conjugated phalloidin for
30 min. Then, after two washes in PBS cells were

mounted in VectaShield mounting medium. (-Actin
morphology was visualized by fluorescence micros-
copy using excitation at 490-515 nm and emission at
550 nm. The observations and image processing was
done as above.

Western blot analysis. For the experiments
cells were grown up to 85% confluency on 10 mm
dishes in MEM+ 10% NCS. In order to cause serum
deprivation, the medium was replaced by fresh se-
rum-free medium (MEM-) for 96 h. After this time,
the medium was changed for 24 h to fresh serum-
free medium containing appropriate concentrations
of either agonist or antagonist. At the end of the
experiment cells were washed in PBS, detached by
3min CDS (cell dissociation solution) treatment,
centrifuged at 3000 r.p.m. for 5 min and then resus-
pended in lysis buffer containing: 1% Nonidet P-40,
120 mM NaCl, 50 mM Tris/HCl, pH 7.5, and freshly
added proteinase inhibitors. Separation of proteins
was performed on 12% polyacrylamide SDS/PAGE.
Proteins were transferred to nitrocellulose mem-
branes (Hybond C, Amersham Pharmacia Biotech,
Milan, Italy), blocked for 1 h at room temperature
with 5% milk in PBS-T (phosphate-buffered saline
pH 7.6/0.005% Tween 20), and incubated overnight
at 4°C with the antisera against: B-actin and p42/p44
phospho-ERK (both 1:5000), (Cell Signalling) diluted
in 1% nonfat milk in PBS-T. The primary antibody
reaction was followed by 2 h incubation with rele-
vant secondary (1:2500) antibody.

Immunocomplexes were detected using the
ECL-enhanced chemiluminescence detection sys-
tem (Amersham Pharmacia Biotech) and membrane
exposure to X-ray film (FOTON). The molecular
weight of proteins was estimated with prestained
protein markers (Fermentas protein ladder). Band
intensities were determined by densitometry analy-
sis in an Ingenius station using provided programs.
Only statistically significant immunoblot band inten-
sity data are reported.

RESULTS AND DISCUSSION

There is evidence that sphingosine (SPH) can
induce cell death in the apoptotic manner, however,
little is known about its effect on glioma cells. In this
study, glioma C6 cells were treated with 250 uM
sphingosine for 120 min and then the distribution
of filamentous actin (f-actin) was observed. Incuba-
tion time and SPH concentration were chosen on the
basis of results of several preliminary experiments
(not shown). As illustrated, SPH strongly altered
the morphology of glioma C6 actin cytoskeleton
(Fig. 1C). After 120 min of incubation with SPH cells
which were normally flat and well attached (Fig. 1A)
became rounded and started to detach (Fig. 1C). In-
terestingly, the nuclei remained untouched and no
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Figure 1. Changes in the morphology and organization of filamentous actin in glioma C6 cells.

Filamentous actin was stained with phalloidine-ALEXAFLUO488 (red) and the nuclei were stained with DAPI (blue). A,
untreated cells; B, cells incubated for 120 min with ERK1/2 phosphorylation inhibitor, U0126 (2 uM); C, cells incubated
for 120 min with SPH (250 uM); D, cells incubated for 120 min with 250 uM SPH and 2 pM U0126. Yellow arrows indi-
cate marginal bleb formation on cells treated simultaneously with SPH and U0126.

changes in chromatin condensation typical for ap-
optosis were observed. Moreover, no signs of bleb
formation could be noticed (Fig. 1C). Nevertheless,
when floating cells were collected and reseeded on
a Petri dish in fresh medium, after 24 and 48 h none
of them attached to the dish surface and started to
grow normally (not shown). An explanation of such
a situation might come from the fact that sphingo-
sine is a substrate for enzymes catalyzing its conver-
sion to sphingosine-1-phosphate and ceramide. Both
these compounds could influence phosphorylation
of ERK1/2.

It is generally accepted that the ERK1/2 path-
way plays an important role in integrating many
cellular processes, including cell proliferation and
cell death (Bhaskara et al.,, 2005; Engelbrecht et al.,
2005). It has been also shown that ERK1/2 may be
inhibited as well as activated during programmed
cell death, depending on the cell line and the type
of lethal agent (Amran, 2005). Sphingosine-1-phos-
phate is known from its antiapoptotic properties
and enhances the activity of ERK1/2 in many cell
lines (Harada et al., 2004; Lockman et al., 2004). On
the other hand, ceramide is a well known proapop-
totic agent (Dawson et al., 1998; Pascual et al., 2003),

however, in some cases it induces atypical cell death
(Mengubas et al., 1999; Daido et al., 2004). To gain
more information about the processes induced by
sphingosine, the level of phosphorylated ERK1/2
was monitored. As can be noticed in Fig. 2, Western
blot analysis with specific antibodies raised against
phosphorylated active form of ERK1/2 revealed no
significant differences in the phosphorylation of
that kinase. These results suggest that sphingosine
treatment does not influence the activation level of
ERK1/2 (Fig. 2).

In order to find out if ERK1/2 participates
in processes induced by sphingosine, a specific in-
hibitor of ERK1/2 phosphorylation, U0126, was em-
ployed. U0126 has been shown to be a highly selec-
tive inhibitor of the MEK1 and MEK2 kinases that
phosphorylate ERK1/2 (Favata ef al., 1998). ERK1/2
deactivation that is caused by MEK1/2 inhibition can
often intensify apoptosis or force cells to die in the
apoptotic manner. As shown in Fig. 1B, incubation
with the inhibitor alone did not induce any charac-
teristic changes in cell actin morphology, however, it
strongly inhibited the level of active ERK1/2 (Fig. 2).
In contrast, simultaneous administration of SPH
and U0126 resulted in the appearance of marginal
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Figure 2. Effect of SPH and U0126 on p44/p42 ERK1/2
phosphorylation.

C6 cells were grown as described in Methods. Control,
untreated cells; U0126, cells incubated for 120 min with
ERK1/2 phosphorylation inhibitor, U0126 (2 puM); sphin-
gosine, cells incubated for 120 min with SPH (250 uM);
SPH and U0126, cells incubated for 120 min with 250 pM
SPH and 2 uM U0126. The cells were lysed in SDS sam-
ple buffer and subjected to standard Western blot analysis
using anti-phospho-p44/p42 MAPK polyclonal antibody.
The bands were visualized by ECL method and quantified
using Ingenius software. 3-Actin was used as a control of
equal amounts of protein samples. The columns represent
phosphorylation of both ERK1 and ERK2. The results are
expressed as the means +S.D. from three independent ex-
periments.

blebs on detaching cells (Fig. 1D), similar to those
observed by the group of Domnina (Domnina et al.,
2004), and at the same time decreased the level of
phosphorylated ERK1/2 (Fig. 2). Although such a
situation could precede further apoptotic steps, no
other changes characteristic for apoptosis, like, e.g.,
chromatin condensation were observed (Fig. 1D).
Also, the time needed for detachment remained un-
changed. These results provide evidence that begin-
ning of the sphingosine-induced bleb formation may
depend on deactivation of the ERK1/2 kinase.

In conclusion, this study shows that con-
stant, high ERK1/2 activity leads to the preserva-
tion of membrane structure even in rounding and
detaching cell, whereas decreased phosphorylation
of ERK1/2 allows cells to form marginal blebs. Thus,
the formation of blebs in SPH-induced glioma C6
death depends on ERK1/2 deactivation. It is worth
adding that there is little evidence concerning the
mechanisms of bleb formation. A lack of blebbing
may often be responsible for atypical cell death and
sometimes might also cause difficulties in eliminat-
ing the dying cells in vivo. Data presented in this
paper shed light on blebs formation, a step of pro-
grammed death, and provide valuable basis for fur-
ther studies.
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