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Oligodendrocytes are known to be particularly vulnerable to the cyto-
toxic effect evoked by different neurodegenerative processes, such as ische-
mic insult, hypoxia, hypoglicemia or autoaggressive immunological attack
like SM. They are the neural cells that undergo sophisticated process of
maturation characterized by huge changes in cell metabolism and morpholo-
gy. Small bipolar cells differentiate into multiprocessed mature oligodendro-
cytes capable of myelinating CNS. A question arises whether there are any
differences in their sensitivity to excitotoxic events? To address this prob-
lem, the cells of two distinct stages of differentiation, i.e. progenitors (O-2A)
and mature, myelinating oligodendrocytes (MBP+) were selected for investi-
gation of the effects of such apoptogenic factors as H

�
O

�
or serum-with-

drawal in vitro. Primary cultures obtained from the brain hemispheres of
18 days old Wistar rat embryos served after 10 days for the establishing pure
oligodendrocyte culture (the “shake-off” method by McCarthy and de Vellis,
1980). Oligodendrocytes were cultured in DMEM with addition of insulin,
transferrin and sodium selenite. Cytotoxic influence of selected apoptotic
factors as well as neuroprotective effects of CsA were estimated by immuno-
chemical detection. The obtained data suggest that progenitors and mature
cells respond to apoptogenic conditions by activation of different molecular
pathways and specific cytoprotective conditions should be worked out for
each type of the cells.
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INTRODUCTION

Oligodendrocytes are the only neural cells able
to myelinate the central nervous system (CNS).
They are abundant in grey and white matter of
brain and spinal cord. Hypo/demyelination or mye-
lin sheaths malformation lead to numerous well-
documented neurodegenerative disorders, such as
sclerosis multiplex, Pelizaeus-Merzbacher disease
or different types of leukodystrophy [9]. Oligoden-
droglia injury probably contributes also to perinatal
pathology (especially that resulting from temporal
hypoxia). White matter disturbances occure also
during focal and global ischemia, hypoglycemia,
brain or spinal cord injury, intoxications and many
other traumatic insults [5].

As indicated by in vitro studies, oligodendro-
cytes are particularly sensitive to apoptotic factors
[11, 16, 19]. Moreover, the observed sensitivity
seems to be correlated with phase of oligodendro-
cyte development (preoligodendrocytes are the
most sensitive cells) [1, 3]. This fact would explain
the effects of perinatal insults that injure mostly
progenitor cells. Immature oligodendrocytes are
present in perinatal CNS but could be probably also
recruited from endogenous stem cells and after spe-
cific commitment, priming and differentiation re-
place deficient oligodendrocytes [7, 15]. Mature
cells are responsible for myelin formation and
maintenance (turnover) in adulthood. The aim of
the presented study was to search for any differ-
ences in vulnerability of both types of the cells to
excitotoxicity that triggers cell death mechanisms
and to test cyclosporin A as a potential protective
factor in purpose of future therapeutical aproaches.

MATERIALS and METHODS

Cell cultures

The brain hemispheres of 18-day-old Wistar rat
embrios were used to prepare mixed glial primary
cell culture. After 10–14 days in Dulbecco (Gibco)
medium (high glucose) with 10 % fetal bovine se-
rum (FBS), oligodendrocyte progenitors were iso-
lated according to modified procedure described by
McCarthy and de Vellis [13], based on the different
adhesion properties of particular neural cell types.
Progenitors obtained by this sequential dislodging
method were seeded at 5 × 10! per well density on
24-well PLP plates (NUNC) and cultured in oli-
godendrocyte differentiating medium [ODM: Dul-

becco with insulin (5 �g/ml), transferrin (5 �g/ml)
and sodium selenite (30 nM)] for either 3 h (pro-
genitors, i.e. O-2A cells, for their adhesion) or 7 days
(to obtain mature, MBP) oligodendrocytes).

Induction of apoptosis

In order to study various aspects of neurodegen-
erative processes, different apoptotic factors were
applied to both progenitor and mature oligodendro-
cyte cultures: 25, 50 and 100 �M H#O# (to evoke
oxidative stress); cyclosporin A at concentrations,
respectively: 0.1, 0.5, 1 or 2 �M (to test its poten-
tial cytotoxicity) and ODM medium with the serum
content lowered to 0–2 percent. After 24 h, cells
were either stained and examined in order to meas-
ure apoptosis/necrosis or fixed with 4% parafor-
maldehyde for further immunochemical studies.

Evaluation of cell viability/apoptosis

The type of cell death (apoptosis/necrosis) and
cell survival was estimated by: examination under
contrast-phase microscope, staining of cell nuclei
with fluorescent dye (Hoechst 33258 or propidium
iodide) and detection with Live/Dead Viability/Cy-
totoxicity Kit (Molecular Probes).

Immunodetection

In order to verify homogeneity of cell culture as
well as to determine the differentiation stages of the
cultures, the specific antibodies for particular cell
types were used: anti-� -tubulin isoform III for neu-
rons; anti-GFAP (glial fibrillary acidic protein) for
astrocytes and anti-NG2 (chondroitin sulfate pro-
teoglycan), anti-O4 (sulfatide, early marker of oli-
godendrocytes), anti-GalC (galactocerebroside) and
anti-MBP (myelin basic protein) for oligodendro-
cytes. Cell nuclei were visualized by incubation
with Hoechst 33258. The labeled cultures were ex-
amined under fluorescence microscope Axiovert 25.
Images were captured by the Videotronic CCD-4230
camera and processed by image analysis system
KS300.

RESULTS

The studies on in vitro oligodendrocyte cultures
indicated that the serum deprivation is a strong
apoptotic factor itself (Fig. 1). About 60% of pro-
genitor cells (Fig. 2) isolated form mixed glial pri-
mary cultures and transferred into differentiating
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medium (ODM), which was connected with serum
withdrawal, underwent apoptosis. All the attempts
to rescue them by addition of different concentra-
tions of cyclosporin A turned to be unsuccessful.
Nevertheless, the cell cultured for the following
week passed through the normal differentiation and
maturation process and achieved final, MBP-posi-
tive stage, as confirmed by detailed morphological
and immunocytochemical examination (Fig. 3).

Surprisingly enough, application of different
concentrations of H#O# in ODM as well as in nor-
mal medium (i.e. DMEM+10% FBS) revealed the
very potent protective properties of serum against
oxidative stress (Fig. 4). Presence of 10% serum
abolished apoptotic effect of high concentrations of
H#O# (50–100 �M) on both progenitors and mature
cells.

Addition of H#O# (50–75 �M) to MBP + cells
cultured in maturation-promoting medium (i.e. with-
out serum) exerted apoptogenic effect (about 50%
of apoptotic cells). CsA tested as a potential protec-
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tant at a concentration of 0.5 �M was able to par-
tially rescue mature oligodendrocytes from apopto-
sis. The optimal CsA concentration is still being
tested with aim to eliminate any cytotoxic influ-
ence on the one hand and to achieve its maximal
protective properties on the other.

DISCUSSION

The presented study revealed an extreme sensi-
tivity of oligodendrocytes to apoptogenic condi-
tions. The observed great vulnerability of oligoden-
drocyte progenitors to apoptosis evoked by the ap-
plied cytotoxic conditions might play an important
role in neurodegenerative processes that take place
during oligodendrocyte differentiation and matura-
tion (perinatal hypoxia, undernutrition). However,
as indicated by the obtained results, the neurode-
generative effects could be abolished in vitro by ad-
dition of serum to the culture medium. The ob-
served protective effect was proportional to the se-
rum content with maximal protective effect at 10
%. It suggests a presence of undefined, active and
very potent protectant(s) in serum and this particu-
lar finding is very promising for further studies.
Since serum is a rich cocktail of the growth and tro-
phic components, a wide spectrum of chosen fac-
tors are to be tested in order to distinguish those
with protective properties.

Studies with cyclosporin A tested as a potential
protectant of cells under cytotoxic conditions ob-
tained by application of H#O# (oxidative stress) re-
vealed different susceptibility to its action between
progenitors and mature cells. Whereas quite lower
concentration of CsA (0.5–0.75 �m) considerably
increased the mature cell survival, it was ineffec-
tive in progenitor cultures. These interesting results
indicate different mechanisms of cell response to
that kind of cytotoxic conditions at both develop-
mental stages. Cyclosporin A is used as an immu-
nosupressant in EAE [14] yet its direct influence on
oligodendrocytes is still unknown. As shown in re-
cent studies, it is a potent modulator of apoptotic
mechanism in many models of mitochondria-de-
pendent cell death [6, 8, 17]. Also the effect medi-
ated by the calcineurin-inhibition-dependent me-
chanism cannot be excluded. It seems probable that
progenitors respond to apoptogenic factors by acti-
vation of different molecular pathway [2]. It could
be explained by very specific transformation of oli-
godendrocyte cells during their development.

Oligodendrocyte progenitors enter a very so-
phisticated differentiation process in which an ex-
pression of many specific myelin components be-
gins. Some of them are transported as mRNA
(MBP for instance) and translated near the nascent
myelin, others are delivered in proper conformation
for immediate incorporation into sheaths. Many
mechanisms of the proteolipids folding, intracellu-
lar trafficking and sorting and final delivery to nas-
cent myelin are activated [12]. Since the myelin
membrane is a specialized and yet continuous ex-
tension of the plasma membrane, during the active
myelinogenesis the molecular segregation of each
type of membrane components must occur. An ana-
logy with the apical and the basolateral membrane
domains, as distinguished from polarized epithelial
cells, is hypothesized [4, 10]. Accordingly, such
a segregation would be occurring in the trans-Golgi
network, involving vesicular transport of apical-
specific proteins, clustered in sphingolipid/chole-
sterol microdomains, named “rafts”. Basolateral
proteins would be sorted via signals that are pri-
marily localized in their cytoplasmic tails and
transported by basolaterally directed vesicles. In-
tensive studies imply that such mechanism is in-
deed present in oligodendrocytes: apical sorting to
plasma membrane and basolateral to myelin. The
mature oligodendrocyte, capable of myelinogenesis
is extremely active metabolically, especially in
comparison with progenitors. When the latter enter
a differentiation process, apoptosis of approxi-
mately 30% of total progenitor cells spontaneously
occurs and finally it is proportional to the number
of axons [18]. Taken together, on the one hand,
cells in distinct phases of development process dif-
fer significantly in molecular and metabolic aspects
and, on the other hand, they are naturally suscepti-
ble to apoptosis.

These observed dissimilar vulnerability of both
types of the cells to conditions that trigger probably
different cell death mechanisms indicates a require-
ments of diverse cytoprotection protocols, as well
as contributes to knowledge about oligodendrocyte
differentiation and functioning mechanisms.
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