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The PENS Epitope Identifies an Oligodendrocyte
Precursor Cell Population and Pilocytic Astrocytomas

Dominique Figarella-Branger,* Laurent Daniel,*
Pascale André," Sophie Guia," Wanda Renaud,*
Gilberte Monti,* Eric Vivier,"7 and

Geneviéve Rougon*

From the Laboratoire de Biopathologie Nerveuse et Musculaire,*
IBDM=Faculté de Médecine Timone; the Service d’Hématologie,”
Hoépital de la Conception; the Centre d’Immunologie,” UMR
INSERM-CNRS 145; the Laboratoire de Génétique et de
Physiologie du Développement,* UMR 6545 CNRS, IBDM, Parc
Scientifique de Luminy; and the Institut Universitaire de
France," Marseilles, France

PEN5 is a sulfated polylactosamine carbohydrate
epitope first described in a subpopulation of mature
natural killer cells. Here we report that it is also ex-
pressed in a developmentally regulated fashion in
human and rat central nervous systems and that its
protein carrier is P-selectin glycoprotein ligand-1
(PSGL-1), a ligand for selectins. In rat neural primary
cultures, PEN5 is transiently and selectively ex-
pressed by oligodendrocyte precursor cells and
marks the transition from proliferative to postmitotic
stages. In concordance, in human central nervous
system tumors, PENS5 is observed in a subset of oligo-
dendrogliomas and in all pilocytic astrocytomas, a
class of tumor of uncertain histogenesis. These data
suggest that PEN5-PSGL-1 plays a role in the differen-
tiation of oligodendrocytes and that pilocytic astrocy-
tomas are likely to result from a dysregulation occur-
ring in oligodendrocyte precursor cells at the crucial
stage of exit from the cell cycle. (Am J Pathol 1999,
155:1261-1269)

Many developmentally important cell-cell interaction and
cell differentiation processes are shared by the immune
and nervous systems. Indeed, several cell surface mol-
ecules are expressed by subpopulations of both neural
and immune cells. This is the case of growth factors,
interleukins and their receptors,’? class | MHC® and cell
adhesion molecules.* For example, among the latter, the
heavily glycosylated CD24 antigen or the polysialylated
isoforms of NCAM/CD56 have been shown to be tran-
siently expressed by developing neural cells®© as well as
by subsets of cells from the hematopoietic lineage.”®
Interestingly, these molecules can be considered as on-
cofetal antigens with diagnostic and prognostic values
for neuroectoderm-derived tumors'® " and leukemias.'?

As for polysialic acid (PSA) on NCAM/CD56°, PEN5 is
a carbohydrate whose expression is developmentally
regulated.® ' In the immune system, PEN5 is expressed
onto a subpopulation of cells of the natural Killer (NK)
lineage.'® Recently, its protein carrier in these cells has
been identified as PSGL-1 (André P, Spertini D, Vivier E,
in preparation), the best characterized selectin ligand to
date.’® PSGL-1 is required for recognition of P- and E-
selectins for all classes of leukocytes'” and is expressed
as an homodimer of 120 kd. To be recognized by selec-
tins it requires several post-translational modifications in-
cluding sulfatation and modifications of O-glycans.'®-2°

To define further commonalities between the immune
and neural cells, we have analyzed the expression of the
PEN5 epitope in developing brain and central nervous
system (CNS) tumors. We observed PEN5 selective ex-
pression by a subset of human CNS tumors, the pilocytic
astrocytomas, and discovered that in rat neural primary
cultures it is selectively expressed on the surface of a
subpopulation of oligodendrocytes precursor cells
(OPCs).

During mammalian development, OPCs undergo an
orderly pattern of cell proliferation and differentiation dur-
ing which they change their cellular architecture dramat-
ically, culminating in the ability of oligodendrocytes to
myelinate axons. These successive stages of oligoden-
drocyte development have been delineated in the brain
and optic nerve with surface epitopes identifying several
cell phenotypes emerging in sequence.®’ OPCs are a
highly mobile population of cells, they migrate long dis-
tances from proliferative zones, from which they originate
on axons, which they will subsequently myelinate. For
example, in rodents, the migration of OPCs through the
optic chiasm into the optic nerve begins at about embry-
onic day 16 (E16). Despite this early appearance in the
nerve, the first oligodendrocyte is not generated until one
week later at about postnatal day 1 (P1) and it is not until
P6 that rapid generation of oligodendrocytes begins,
concurrent with the onset of myelination.? In human, the
timing of specific CNS pathways is so precise that the
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age of fetuses can be determined accurately simply by
assessing which pathways are myelinated.?®

These observations indicate that highly localized and
precise mechanisms regulate the timing of OPCs prolif-
eration and migration. Our present data suggest that as
PSA-NCAM/CD56, PEN5-PSGL1 can be a component of
the molecular machinery that regulates differentiation
and/or migration of subpopulations of cells, both in the
immune and nervous system.

Materials and Methods

Antibodies and Reagents

The anti-PEN5 monoclonal antibody (MAb) (5H10, mouse
IgM) has been previously described.™ The hybridoma
supernatant was used for immunohistochemistry and
1:10 diluted for Western blot analyses.

The anti-PSGL1 MAb (5D8-8-12, PL2; mouse IgG)
was from Immunotech (Marseilles, France) The rabbit
anti-neurofilament Ab was a kind gift of Dr. Leterrier (An-
gers, France), and the rabbit anti-GFAP Ab was pur-
chased from Sigma (Saint Louis, MO). The anti-KI-67
MAb was from Novocastra Laboratories (Newcastle on
Tyne, UK). A2B5, O4, and GalC hybridoma cell lines were
from ATTC (Rockville, MD), and ascites were prepared in
nude mice. Fluorescent FITC anti-mouse IgG, anti-rabbit
Ig and Cy3 anti-mouse IgM were purchased from Immu-
notech (Marseilles, France) and were diluted 1:200 in
Dulbecco’s modified Eagle’s medium (DMEM)/fetal calf
serum (FCS).

For Western blotting, rabbit anti-mouse IgM was pur-
chased from Jackson (Immunotech) and used at 1:2000
dilution. Peroxidase-conjugated goat anti-rabbit IgG was
purchased from Pierce (Beijerland, The Netherlands) and
used at 1:5000 dilution.

All of the cell culture media, FCS, were purchased from
Gibco BRL (Cergy-Pontoise, France).

Human Tissues

The present study was undertaken after informed con-
sent from each patient (or their relatives). Autopsy or
surgically removed control human tissues sent to the
Pathology Department for diagnosis purposes were stud-
ied. These samples included brain tissues (frontal lobes)
collected and pooled from two fetuses (17 and 20 weeks
of gestation) obtained after spontaneous termination for
Duchenne muscular dystrophy and normal peripheral
nerves pooled from six normal sural nerve biopsies. All
neuropathological examinations were normal. Normal
adult frontal lobes were also pooled from two lobectomies
for epilepsy. Neuropathological examination was normal.
Forty-one surgically removed CNS tumors were also
studied. In accordance with the WHO international histo-
logical classification of tumors,?* they were classified into
pilocytic astrocytomas (10 cases), glioblastomas (5 cas-
es), oligodendrogliomas (6 cases), anaplastic oligoden-
drogliomas (5 cases), ependymomas (2 cases), choroid
plexus papilloma (1 case), medulloblastomas (4 cases),

meningiomas (4 cases), and schwannomas (4 cases).
Samples from all these tissues were both flash-frozen in
liquid nitrogen and stored at —80°C until use and fixed
in 10% formalin and embedded in paraffin for routine
histology.

Other Cells and Tissues

Embryonic (E16), neonatal, P7, and adult mouse and rat
forebrains were dissected and stored at —80°C.

Cell Cultures

Primary cultures enriched in neurons were obtained from
the hemispheres of embryonic day 17 or cerebellum of
5-day-old rat and Swiss mice®® and maintained in DMEM/
Ham’s F12 (3 vol/1 vol) containing 10% FCS, allowing
development of glial cells.

Primary glial cultures were established from newborn
rat cerebral hemispheres as described?® with some mod-
ifications. Briefly, cells were dissociated in culture me-
dium by passage through a 2 mm diameter needle,
plated in 100-mm Falcon Petri dishes or on glass cover-
slips (12 mm diameter) placed in 35-mm dishes, pre-
coated with poly(L)-lysine (Sigma) (10 ng/ml), and main-
tained in DMEM (Gibco BRL) supplemented with 10%
FCS. After 10 days, the primary culture consists of an
astroglial cell layer on which OPCs (antigenically A,B5™)
are dispersed and differentiate. To obtain secondary cul-
tures of oligodendroglial cells, OPCs present in the pri-
mary culture were detached from the astroglial under-
layer by gently syringing culture medium onto the cell
layer. The detached cells were sedimented by centrifu-
gation and the cell pellet dissociated by 10 passages
through a 2 mm diameter needle. The cells (3.5 X 10%/ml)
were replated onto poly(L)-lysine precoated glass cover-
slips, and maintained in DMEM containing 10% FCS for 1
hour then in defined medium without FCS.

Tissue Extracts, Western Blotting, and
Immunoprecipitation

For human samples, microsomes were prepared from
normal brain tissues, adult peripheral nerves and from all
of the 42 CNS tumor specimens as previously de-
scribed.? Microsomes were prepared in the same way
from developing and adult mouse and rat brains. Sam-
ples were boiled for 3 minutes in reducing electrophore-
sis sample buffer. Proteins (20 ug) were separated on 7%
sodium dodecy! sulfate (SDS)-polyacrylamide gels and
blotted onto Hybond C-super nitrocellulose sheets (Am-
ersham, Les Ulys, France). After saturation (1.5 hours) in
phosphate-buffered saline (PBS) containing 3% (weight/
volume) defatted milk, the sheets were treated with anti-
PEN5 MADb. Incubation (12 hours at 4°C) was performed
under shaking. The rinsed blots were then incubated (2
hours at room temperature) with rabbit anti-mouse IgM,
rinsed, and incubated for 2 hours at room temperature
with peroxidase-conjugated goat anti-rabbit IgG. The en-



hancement chemiluminescence system (ECL, Amer-
sham) was used for detection of Abs.

In addition, for the preparation of embryonic human
brain NP-40 lysates, microsomes were lysed in NP-40
lysis buffer. The lysates were separated on a 6% SDS-
PAGE gel and probed with the anti-PSGL-1 MAb or sub-
mitted to immunoprecipitation with either the anti-PEN5 or
anti-PSGL-1 mAbs as previously described.'® The immu-
noprecipitate was separated on gel and revealed with
anti-PSGL-1.

Immunohistochemistry
Immunoperoxidase

Three serial-frozen 5-um-thick sections were obtained
from 10 tumors (including 5 pilocytic astrocytomas, 2
oligodendrogliomas, and 3 glioblastomas). The first sec-
tions were treated with anti-PEN5 MADb and the others
used as controls (omission of primary Ab and irrelevant
immunoglobulin). Immunoperoxidase staining was per-
formed using avidin-biotin peroxidase complex (ABC
Kits, Vector, Burlingame, VT) as previously described.®
Peroxidase was visualized using 3-aminoethyl carbazole
as a substrate. In addition, serial sections from develop-
ing human brain (17th week of gestation) were probed
with anti-PEN5, anti-PSGL-1, and anti-Ki67 mAbs, re-
spectively.

Indirect Immunofluorescence

For the visualization of PEN5 antigen, live cells were
incubated (1 hour, 25°C) with the hybridoma culture su-
pernatant. After washing, cells were incubated (30 min-
utes, 25°C) with TRITC-conjugated donkey anti-mouse
IgM (1:50) diluted in PBS/3% bovine serum albumin.
Fixation with 4% paraformaldehyde (10 minutes) was
performed after incubation with the secondary Ab. Cov-
erslips were then mounted in Mowiol (Calbiochem).

For double detection of PEN5/GalC or Pen5/MBP the
two mAbs were incubated together on live cells as above.
GalC was revealed with FITC conjugated donkey anti-
mouse IgG (1:300). For double detection of PEN5/GFAP
or neurofilament, application of Abs was performed se-
quentially with PEN5 MAb applied first. The cells were
then permeabilized with PBS containing 0.1% Triton
X-100 (10 minutes) and incubated with rabbit anti-
GFAP (1:1000) or anti-neurofilament Abs (1:1000). Fixa-
tion was then performed after incubation with the rele-
vant secondary Abs.

Results

The PENS Epitope Is Present in
Developing CNS

PEN5 epitope is detected in the human CNS and its
expression is developmentally regulated. Western blot-
ting of human developing brain tissue extracts separated
onto 7% SDS-PAGE and probed with anti-PEN5 MAb

PEN-5 in Central Nervous System 1263
AJP October 1999, Vol. 155, No. 4

A

1 2
Mr (kDa)
200 - ‘
116 -

MW

175 -

83 -

M a-PEN5S

Figure 1. A: Western blot for PEN5 in adult (lane 1) and developing human
brain (lane 2). The same amount of protein was analyzed for each sample
(20 pg) and separated on 7% SDS-PAGE gel. B: NP-40 human embryonic
brain lysates were separated on a 6% SDS-PAGE gel and probed with
anti-PSGL-1 MAb (lane 1) or submitted to immunoprecipitation with the
anti-PEN5 Ab. The immunoprecipitate was separated on gel and revealed
with anti-PSGL-1 (lane 2). Note that the PEN5 immunoprecipitate countains
PSGL-1 molecules found in two areas corresponding to the monomeric and
dimeric forms.

revealed a broad and fuzzy band with an apparent mo-
lecular mass (M,) of 250 to —180 kd (Figure 1A, lane 2).
Adult human brain expressed a much lower amount of
the PEN5 epitope and in such extracts the MAb revealed
a more discrete band migrating at 220 kd (Figure 1A,
lane 1). Importantly, the PEN5 epitope was undetectable
in human peripheral nerve. Altogether, these data
strongly suggest that within the nervous system, PEN5
expression is temporally regulated on cells and/or spe-
cific to cell populations mostly present during develop-
ment of CNS.

PSGL-1 Is a Protein Carrier of PEN5 in CNS

We then investigated whether in human brain, as on NK
cells (André P, Spertini D, Vivier E, in preparation), PEN5
can be linked to the PSGL-1 protein. NP-40 protein lysate
was prepared from human embryonic brain (17th week of
gestation), an aliquot was separated on 6% SDS-PAGE
and Western blotted with anti-PSGL-1 MAb. The anti-
PSGL-1 MAb revealed discrete bands migrating as a
doublet in the 200 to 250 kd area and as a single band at
140 kd (Figure 1B, lane 1). This is in agreement with the
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Figure 2. In developing human brain at week 17 of gestation, PEN5 expression is observed in the intermediate zone only (A, B). Serial sections at higher
magnification of the area marked * in (A) showing diffuse PSGL-1 expression in the subventricular and intermediate zones (C) and mutually exclusive pattern of
immunostaining with anti-Ki67 (D) and anti-PEN5 mAbs (B). A, X30; B-D, X180.




Figure 3. Strong PEN5 expression on the membrane of a cell with an OPC
morphology (arrow) in a rat hemisphere primary culture. Note that neigh-
boring cells with astrocyte (arrowhead) and neuronal (double arrowhead)
morphologies are negative.

reported migration profile of PSGL-1, which is expressed
both under monomeric (140 kd) and dimeric (240 kd)
forms.?” Thus PSGL-1 is expressed in developing human
CNS. To assess whether PEN5 is carried by PSGL-1, an
aliquot of the extract was also submitted to immunopre-
cipitation with the anti-PEN5 MAb. The PEN5 immunopre-
cipitate was separated onto gel and subsequently
probed in Western blotting with the anti-PSGL-1 MAb.
Two broad bands were detected, migrating at 200 to 250
kd and 90 to 160 kd, respectively (Figure 1B, lane 2). The
data unambiguously indicates that PSGL-1 is present in
the PEN5 immunoprecipitate, demonstrating that in the
CNS PSGL-1 is a protein carrier for PEN5. Moreover,
brain extract submitted to sequential immunoprecipita-
tion with anti-PSGL1 to totally deplete the antigen still
exhibited some PENS immunoreactivity although at a very
low level when compared to control extract (not shown).
Thus, in the human developing CNS PSGL-1 appears to
be a major carrier for PENS.

By using immunohistochemistry on serial frozen sec-
tions, we observed in developing human brain at week 17
of gestation a strong PSGL-1 expression in the subven-
tricular, intermediate zones (Figure 2C) and the cortical
plate whereas PEN5 expression was observed in the
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intermediate zone (Figure 2, A and B). Moreover, cells
immunoreactive with anti-PEN5 MAb did not expressed
Ki67 indicating that they were not in the cell cycle
(Figure 2D).

In Rat Neural Primary Cultures PEN5 Is
Expressed by a Subpopulation of OPCs

The mouse anti-PEN5 IgM MADb used in this study re-
vealed in developing rat brain extracts a band similar to
that observed for human brain (not shown). We thus used
rat neural cultures to identify the phenotype of cells bear-
ing the PENS5 epitope. In primary cultures prepared from
newborn hemispheres which contained a mixed popula-
tion of neural cells including neurons, astrocytes, and
OPCs, immunofluorescence staining with anti-PEN5 MAb
revealed a population of cells with a morphology reminis-
cent of OPCs (Figure 3).

The labeling observed on live, unfixed cells was bright
and very characteristic, with patches on the cell body
and the multipolar processes (Figure 3). To define the
phenotype of this PEN5-positive cell population, we per-
formed double labeling with cell type-specific markers.
Under our culture conditions, the neurofilament-positive
neurons (Figure 4C) as well as the GFAP-positive astro-
cytes (Figure 4F) were negative for PEN5 (Figure 4, B and
E). In some experiments, very rare cells (less than 0.5%)
with a neuronal morphology were PEN5-positive (not
shown). In contrast, a subpopulation of GalC-positive
cells (Figure 4, G and |) was also PEN5-positive (Figure 4,
G and H). PEN5-positive as well as PEN5/GalC double-
labeled cells were often found in groups, close to each
other, suggesting that they may have derived from a
common progenitor. These data indicate that PEN5 is
transiently expressed during oligodendrocyte differentia-
tion. To further address this issue we then prepared
primary cultures of glial cells derived from newborn hemi-
spheres. After 10 days, such cultures are composed of
an underlayer of type 1 astrocytes and of smaller cells
with various morphologies dispersed on top of this layer,
these are developing oligodendrocytes (Figure 4J). Dif-
ferent stages of differentiation can be distinguished by
the expression of stage-specific markers. The ordered
and partially overlapping expression of A2B5, PSA-
NCAM, 04, GalC, and MBP distinguishes mainly four
consecutive, phenotypically defined stages of the oligo-
dendrocyte lineage®® (Figure 5). Early OPCs with a bipo-
lar morphology are bipotential precursors of oligodendro-
cytes and type 2 astrocytes, they are characterized by
the expression of the A2B5 ganglioside and PSA-NCAM
at their cell surface. In our cultures, A2B5 and PSA-
NCAM-positive cells did not appear to express PEN5 (not
shown).

In addition, some (less than 1%) of GFAP-positive cells
had a stellate appearance corresponding to type 2 as-
trocytes and were also PEN5 negative (not shown). As
04, the PEN5 MADb stained OPCs which have developed
multipolar processes but appear still immature (Figure
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Figure 4. A—C: Primary neuronal culture of rat brain hemisphere double-labeled with PEN5 (B) and neurofilament (C) which revealed neurons. D—F: Primary
neuronal culture of rat cerebellum double-labeled with PEN5 (E) and GFAP (F) which revealed astrocytes. G, H: Primary neuronal culture of rat cerebellum
double-labeled with PEN5 (H) and GalC (1), which reveals cells from oligodendrocyte lineage. Note that two OPCs bearing processes are co-expressing these
molecules. J-L: Glial primary cultures from rat hemispheres double-labeled with PEN5 and GalC. Two process-bearing cells with an OPC morphology are

expressing PEN5 (K) but not GalC (L). A, D, G, J: Phase contrasts.

4K). Although it was impossible to precisely determine
the onset of the expression of PEN5, double labeling with
anti-GalC/PEN5 mAbs indicates that PEN5 epitope is
expressed somewhat earlier than GalC (Figure 4, J and
L), since double-labeled cells were more numerous in

older cultures (10% versus 30%) when staining was per-
formed on day 10 and 12 in vitro, respectively. It also
appeared that GalC expression was maintained whereas
PEN5 expression was transient. Our data are schema-
tized in Figure 5.
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Figure 5. Schematic developmental time-course labeling in oligodendrocyte
lineage cell type. Results are summarized by solid lines which designate the
presence of each marker listed on the left for each stage shown. Our study
showed that PENS labeling is evident in OPCs after the appearance of the
epitopes recognized by A2B5 and PSA-NCAM but before GalC, although they
can be transiently co-expressed. GalC, galactocerebroside C; MBP, myelin
basic protein.

The PENS5 Epitope Is Expressed by a Subset of
CNS Tumors

These data prompted us to search for PEN5S expression
in glial tumors. Particular attention was paid to oligoden-
droglioma and to pilocytic astrocytomas, a highly heter-
ogeneous tumor exhibiting features of astrocytic cells
together with round cells with a morphology reminiscent
of oligodendrocytes. In addition, pattern of PEN5 expres-
sion was analyzed in other CNS tumors including medul-
loblastomas, ependymal and choroid plexus tumors, me-
ningiomas, and schwannomas. Western blotting
analyses indicated that 10 of the 10 pilocytic astrocyto-
mas examined strongly expressed the PEN5 epitope
(Figure B6A). Molecular weight of the revealed band was
similar to that observed in embryonic human CNS (Figure
1A). Two of six oligodendrogliomas (Figure 6C) and one
of five anaplastic oligodendrogliomas (Figure 6D) tested
also expressed PEN5, with a low immunoreactivity for the
later. In contrast, glioblastomas (Figure 6B) and all of the
other types of CNS tumors tested were almost negative.
Immunohistochemistry performed on tissue sections of
the tumors confirmed these data (Figure 7). All pilocytic
astrocytomas (Figure 7A) and some oligodendrogliomas
expressed PEN5 (Figure 7B). For these tumors, all tumor
cells were diffusely stained on their cell surface. In con-
trast, PEN5 expression was absent in glioblastomas
(Figure 7C).
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Figure 6. A: strong PEN5 expression in all pilocytic astrocytomas (lanes
1-10). PENS is absent or very weakly revealed in glioblastomas (B, lanes
1-5). Two of six oligodendrogliomas strongly express PEN5 (C, lane 1 and
6), whereas one anaplastic oligodendroglioma (D, lane 3) expresses a
moderate amount of PEN5.
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Figure 7. Strong PEN5 expression in a pilocytic astrocytoma (A) and in an
oligodendroglioma (B). Glioblastoma cells are negative (C). Note that ves-
sels are negative (arrows). A—C, X300

Discussion

In this report, we show that PEN5 epitope is present in the
developing mammalian CNS and that in rat neural cul-
tures it is expressed by OPCs, a transient and highly
mobile cell population in developing brain. These results
extend the number of molecules which are shared by the
immune and nervous systems. We showed for the first
time that PSGL-1 is a carrier for the PEN5 carbohydrate
epitope in human CNS. We also observed that all pilo-
cytic astrocytomas and some oligodendrogliomas ex-
pressed PENS.

This is in agreement with the fact that tumors often
re-expressed carbohydrate antigens transiently ex-
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pressed during the development of cells from which they
derive.'®

PEN5 is a carbohydrate whose expression in the im-
mune system is differently regulated from its protein car-
rier PSGL-1. Our immunohistochemical data (Figure 2)
indicate that it is also the case in developing human
brain. Similarly, PSA, which we extensively studied
previously, is transiently carried by the adhesion mole-
cule NCAM/CD56. In mammals, NCAM/CD56 is the only
protein carrier for PSA52° From our present study,
we cannot exclude that PEN5 can be carried by other
protein backbones and this issue deserves to be further
investigated.

In the immune system, PENS5 is selectively expressed
onto NK cells and more precisely within the CD56%™/
CD16™" population. In rat glial cultures, PEN5 expression
is transient and specific for a subset of OPCs.

The appearance of PEN5 allows a specific step in
OPCs differentiation in vitro to be distinguished, defining
a distinct transient intermediate stage between the
A2B5*/GalC™ and A2B5/GalC™* in which the expression
of A2B5 has ended but the expression of GalC has not
yet begun. Cells with the phenotype A2B5*/GalC™ are
proliferative and respond to mitogenic signals,®® they
retain some developmental plasticity, as shown by their
ability to differentiate into either oligodendrocytes or stel-
late type 2 astrocytes on culture conditions.?” In contrast,
those with A2B57/GalC* phenotype are postmitotic and
committed to an oligodendrocyte phenotype. PEN5 ex-
pression appears to coincide with the withdrawal of
OPCs from the cell cycle. This growth arrest state is a
very critical state which also results in changes of expres-
sion of many gene products. A recent study®° reports that
the inability of OPCs to differentiate in the cyclin inhibitor
p27 knockout mice correlates with their continued prolif-
eration. Further studies should allow precision as to
whether PEN5 expression precedes or is concomitant
with cycle withdrawal and how it could be related to this
complex process.

The persistence of some PEN5 expression in adult
human brain as shown by Western blotting is in agree-
ment with studies showing that a few number of OPCs is
still present in adult CNS.®" Indeed, all OPCs do not
differentiate, preserving a reservoir of precursor cells that
might be able to generate new oligodendrocytes after
injury or disease.®? It will be interesting to examine PEN5
expression under such pathological conditions.

OPCs must be able to respond and to interact with
their environment. From our data on PEN5 expression, we
can infer that this determinant can mediate either nega-
tive or positive signal. In vitro observations indicated that
OPCs differentiate into oligodendrocytes in the absence
of inducing signals on withdrawal from the cell cycle.®3
PENS5 can be part of the molecular machinery preventing
OPCs from responding to environmental signals that af-
fect their ability to divide. By analogy, PSA determinant
on NCAM/CD56 can possibly affect the effect of growth
factors acting on neuronal differentiation.® Alternatively, it
could play a role as a positive signal regulating migration.

OPCs migrate long distances from their germinal
zones to enter white matter throughout the CNS. PEN5

might be crucial for ensuring that they successfully make
it to their final destination. Recent studies on the optic
nerve have shown that OPCs migrate along axons.®* If, in
the CNS, PSGL-1, which is highly expressed, also func-
tions as an adhesion molecule,® the PEN5 determinant
might be part of a selective recognition process guiding
migrating OPCs along axons. Future work will focus on
the various function of this determinant which might be
critical to ensure that the process of myelination occurs
correctly.

In a large population of tumors classified as oligoden-
drogliomas, PEN5 expression is observed in a fraction of
them (Figure 6). A simple explanation is that tumors can
develop at different stages of the oligodendrocyte lin-
eage, some of them outside of the time window of PEN5
expression. It is conceivable that oncogenic processes
particularly occur in cells at stages when they withdraw
from the cell cycle. These processes are complex and
involve regulatory networks coordinating the expression
and activity of several gene products such as cyclin
components and their regulators.®® It is therefore not
surprising to find tumors expressing antigens, character-
istic of this stage. Pilocytic astrocytomas, a class of tumor
so far poorly defined, expressed PEN5 in all of the tested
samples. We propose that these tumors result from a
dysregulation occurring at a stage corresponding to the
transition of OPCs from mitotic to nonmitotic states. To
our knowledge, at present they are no markers to define
these tumors, which in some instances are mistaken for
malignant glioblastomas, leading to overgrading and in-
accurate chemotherapy in infants.®* The availability of
the PEN5 marker should help their diagnosis.
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