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SUMMARY

Most studies on the origin of oligodendrocyte lineage have
been performed in the spinal cord. By contrast, molecular
mechanisms that regulate the appearance of the
oligodendroglial lineage in the brain have not yet attracted
much attention. We provide evidence for three distinct
sources of oligodendrocytes in the mouse telencephalon. In
addition to two subpallial ventricular foci, the anterior
entopeduncular area and the medial ganglionic eminence,
the rostral telencephalon also gives rise to
oligodendrocytes. We show that oligodendrocytes in the
olfactory bulb are generated within the rostral pallium
from ventricular progenitors characterized by the
expression of Plp. We provide evidence that thesePlp
oligodendrocyte progenitors do not depend on signal
transduction mediated by platelet-derived growth factor
receptors (PDGFRs), and therefore propose that they
belong to a different lineage than the PDGFR-expressing

progenitors. Moreover, induction of oligodendrocytes in the
telencephalon is dependent on sonic hedgehog signaling, as
in the spinal cord. In all these telencephalic ventricular
territories, oligodendrocyte progenitors were detected at
about the same developmental stage as in the spinal cord.
However, both in vivo and in vitro, the differentiation into
O4-positive pre-oligodendrocytes was postponed by 4-5
days in the telencephalon in comparison with the spinal
cord. This delay between determination and differentiation
appears to be intrinsic to telencephalic oligodendrocytes, as
it was not shortened by diffusible or cell-cell contact factors
present in the spinal cord.

Key words: Anterior entopeduncular area, Medial ganglionic
eminence, Myelin, Olfactory bulb, Olig1/2, Platelet-derived growth
factor recepton, Proteolipid protein, Mouse

INTRODUCTION group of ventral ventricular cells appearing around E13-E14.
The ventral location of these oligodendrocyte progenitors
The developmental origin of oligodendrocytes, the myelintaised the question of whether development of these cells, like
forming cells in the central nervous system, has been mostisentral neurons (Roelink et al., 1995; Ericson et al., 1997),
investigated in the spinal cord. This stems from the initiaepends on inducing signals from the notochord or floor plate.
observation that during development, oligodendrocytest was subsequently shown that signals from the notochord are
originate from the ventral half of the spinal cord, and the dorsahdeed necessary and sufficient for the development of spinal
spinal cord is populated by oligodendrocyte precursorsord oligodendrocytes (Trousse et al.,, 1995; Orentas and
that migrate from ventral to dorsal (Warf et al., 1991).Miller, 1996; Pringle et al., 1996) and that sonic hedgehog
Subsequently, a series of markers have been proposed ptein (Shh) is an important component of the signal (Orentas
identify oligodendrocyte progenitors in the ventricular layer ofet al., 1999). Recently, two closely related basic helix-
the ventral spinal cord. In the mouse or rat spinal cord, plateleibop-helix proteins, Oligl and Olig2, have been identified
derived growth factor receptar(PDGFRy) (Hall et al., 1996), and proposed as intracellular mediators of Shh-mediated
or myelin genes expressed during embryonic developmendligodendrocyte specification (Lu et al., 2000; Zhou et al.,
such as 2-3'-cyclic nucleotide phosphodiesterase Qngl) 2000).

(Yu et al., 1994; Peyron et al., 1997), or proteolipid protein In the mouse brairRlp* cells are first detected at E9.5 in
(Plp) (Timsit et al., 1995) have been shown to label a discretthe basal plate of the diencephalon. In the telencephalon,
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ventricular expression d®lp* cells occurs at E10 in the alar the B2-microglobulin gene (Cohen-Tannoudji et al., 1992). The
plate of the anterior entopeduncular area (AEP) (Timsit et alidpoint of the dark interval during which mating occurred was
1995; Spassky et al., 1998). ExpressioRlpfprecedes that of designated as day 0 and the embryos were considered to be E0.5 on
Pdgfra and there is precocious segregation of these twihe morning following fertilization. The average gestation period lasts
cellular populations. In the chick, co-expression of these twé9-5-20.5 days. Newborn animals were considered as P1.
transcripts at the cellular level is rarely observed, alth&lgh Transplantations

and Pdgfra™ cells are present in the same territories (Perezg, -21/1 9 mbp-lacZouble transgenic mice pups aged P3-5.6r
Villegas et al., 1999). In the mouse, at E10.5, the patterns @ih, acz transgenic embryos aged E17.5 were anesthetized with
expression oPlp andPdgfra appear strikingly different. In the  chjoral hydrate (400 mg/kg, ip) and rapidly perfused transcardially
forebrain, Pdgfra-expressing cells are detected in territorieswith a solution of 0.12 M phosphate buffer (pH 7.3) containing 0.6%
such as the medial ganglionic eminence (MGE) or the dorsalucose to wash out blood cells. Fragments from E17.5 OB or from
thalamus, without significant expressionRIf. By contrast, P3-5 SVZ were transplanted in the SVZ of wild-type pups aged P3-
Pdgfra* cells are scarce in the stronglip-positive basal plate P5 according to Jankovgki and Sotelo (Jankovsk! and Sotelq, 1996).
of prosomeres p1-p2 (Puelles and Rubenstein, 1993), or Apiice transplanted were fixed after 3 weeks of survival and brains were
(Spassky et al., 1998). In the E13.5 rat forebiiyfra* cells treated for the histoenzymatic detectiorfejalactosidase activity.

are also expressed by ventricular cells in the AEP (Tekkigypiant cultures

Kessaris et al., 2001). The cellular segregatlon of these tv‘@audal, rostral and dorsal territories of the telencephalon were
early markers of the oligodendrocyte lineage could relate tQ;refylly dissected from E9.5 and E10.5 mice embryos in Earle’s
different stages of differentiation, or indicate the existence Ofajlanced salt solution without &a or Mg?* (EBSS; Life
two different oligodendrocyte lineages (Spassky et al., 200Gechnologies-BRL). The forebrain was first separated along the
Richardson et al., 2000). midline. At E9.5 the anatomical points of reference used to define the
Using homotopic homochronic quail-chick chimeras, wecaudal telencephalon were the tip of the lateral ventricle, rostrally, and
have recently demonstrated that, in birds, oligodendrocytée optic stalk, caudally. The rostral telencephalon was defined as the
progenitors that emerge from the alar AEP migrate tangentiall ost rostral region of .the embryo. To av0|d.c0ntam|nat|.0n of rostral
to invde and colonize the enife telencephalon and that PITs by caudlregons th ragmentof st comprising e moc
tEIenc.:epha“C O“g()dendr.ocytes orlglnaFe fr(_)m the AEP. Th. xplant was discarded. Similarly, a piece of telencephalic cortex was
prominent role of AEP in telencephalic oligodendrogenesig

! . iscarded between the rostral and dorsal explant. At E10.5, the caudal
is conserved between birds and mammals as shown Rypiant was divided into two fragments: the medial ganglionic

hetemSpeCiﬁ(} m.OUSG'ChiCk chimeras (Olivier et al., 2001)eminence, rostrally, and the entopeduncular area, caudally. Explants
However, taking into account the much larger development afere grown in collagen gels (3 mg/ml) or on laminin-coated (Sigma,
cortical structures in mammals, it is not certain to what exterst Louis, MO) 14 mm glass coverslips, in Bottenstein and Sato (BS)
the AEP contributes to the final oligodendroglial population ofmedium (Bottenstein and Sato, 1979) supplemented with 1% FCS and
the forebrain in mammals, and the existence of additional sitd§6 penicillin-streptomycin (Seromed, Berlin, Germany). Function
of oligodendrogenesis in the mouse telencephalon cannot BEcking anti-Shh antibody (mAb SE1) (Ericson et al., 1996)
excluded. To address this question, we focused on the olfactofyevelopmental Studies Hybridoma Bank) was added at the time of
bulb (OB), which is far away from the AEP. As expected fromP'aing (12.5ug/ml) and every 2-3 days.

the caudal-to-rostral gradient of myelination, the OB appears§T|571 treatment of dissociated cultures

to be one of the latest structures to myelinate. The firsta,qal and rostral territories of the telencephalon were dissected from
differentiated postmitotic oligodendrocytes are detected at P212.5 OF1 orplp-sh ble-lacZmice and dissociated as previously
P3, and the first myelinated fibers at P7 (Monge et al., 1986¢escribed (Spassky et al., 1998). After dissociation, celllX$were

We show that the mouse OB has an intrinsicseeded into 96 wells poly-L-lysine and laminin-coated culture dishes
oligodendroglial potential, and as in the spinal cordand grown in BS medium supplemented with 1% FCS and 1%
appearance of oligodendrocytes in the caudal telencephal@fnicillin streptomycin. After 2 days, STI571 (50 to 500 nM) or
(AEP, MGE) and rostral telencephalon (OB), is under th&€DGF-AA (10 ng/mi) was added. Culture medium was changed
control of Shh. Oligodendrocyte progenitors in the OB ar&Very 3 days, and at 13 days in vitro, cultures were fixed in 4%

. . . . paraformaldehyde in phosphate-buffered saline (PBS), before being
characterized by the expressiorRifiand we provide evidence immunostained with either O4 mAb (OF1) or a mixture of O4 mAb

that these cells do not depend on signal transdqction m_ediatg antiB-galactosidase Ab. Cultures were examined under a Leica
by PDGF receptors, and therefore belong to a different lineage\re fluorescent inverted microscope.
than those expressing PDG&FR

Zeomycin treatment

OBs were carefully dissected from E1@Ip-sh ble-lacZransgenic

MATERIALS AND METHODS embryos. Control cultures were maintained in BS medium in order to
) obtain permanent 2 day-conditioned medium (CM). Zeomycin
Animals (Zeocin, Cayla, Toulouse, France) was used at the final concentration

Wild-type outbred OF1 mice were obtained from IFFA-CREDO of 75 ug/ml. On the first day, then every other day, culture medium
(Lyon, France), and homozygous transgenic animals mouselmes was changed by adding 2EDof CM and 25Qul of fresh BS medium

sh ble-lacZSpassky et al., 1998), and hBp-lacZ(Gow et al., 1992)  containing 15Qug/ml of either zeomycin or BS medium alone.

were bred in our animal room. Heterozygous littermates (transgenic ) )

males crossed with non-transgenic OF1 females) were used in tHfigitibodies and immunolabeling

study. TheB2nZ31/ 1.9mbp-lacZ(F1xF1) were obtained by crossing Mouse monoclonal O4 and O1 antibodies (IgM) (Sommer and
[2nZ31 animals with 1.tnbp-lacZmice. In the2nZ31 transgenic  Schachner, 1981) were diluted 1:5 and 1:30, respectively, in 10% fetal
mouse thenlsLacZreporter is driven by the regulatory sequences ofcalf serum (Eurobio, Les Ulis, France) in DMEM. Mouse monoclonal



TuJ1 antibody (IgG2a) (Easter et al., 1993), a gift 1
A. Frankfurter (University of Virginia, Charlottesvill
VA), was diluted 1:1000 in 0.2% gelatin, 0.2% Tri
X-100 in PBS. Fluorescein- and rhodamine-conjug
goat antibodies against mouse IgM or IgG2a were
Southern Biotechnology (Birmingham, AL) and w
diluted 1:200. Rabbit polyclonal antibody t@-
galactosidase (ICM/Cappel) was diluted 1:200
DMEM, 10% FCS and 0.1% Triton. The corresponc
secondary antibodies used were either goat anti-I
Cy3-conjugated IgG (ImmunoResearch) or FI
conjugated swine anti-rabbit 1gG (DAKO), dilut
1:800 and 1:400, respectively. Immunoperoxyt
staining on sections and immunolabeling of cultures
as described (Spassky et al., 1998).

In situ hybridization and detection of -
galactosidase enzymatic activity

Patterns of gene transcription were determined by ii
hybridization using digoxigenin (DIG)-labeled cRI
antisense probes (Boehringer Mannheim, Mannt
Germany) transcribed from mouBegfra (Pringle anc
Richardson, 1993ghh(Shimamura et al., 1995plig1
andOlig2 (Lu et al., 2000) cDNAs. In situ hybridizati
was performed on cryostat sections according tc
protocol of Strahle et al. (Stréhle et al., 1994
modified by Myat et al. (Myat et al., 1996). Detec!
of reporterp-galactosidase activity ifacZ transgenit
animals was on freezing microtome cut sectiongu(8%
as detailed elsewhere (Spassky et al., 1998; Jan}
and Sotelo, 1996).

RT-PCR analysis

Messenger RNAs were extracted from freshly disse
explants or after 5 or 10 days in culture using Pharn
Biotech Quick Prep Micro mRNA Purification K
mRNAs were used as a template for first-strand cl
synthesis using random primers (Pharmacia Bio
Uppsala, Sweden). M-MLV reverse transcriptase (
Technologies, Gaithersburg, MD) was used for
extension, according to the manufacturer’s protc
Second-strand cDNA was synthesized during a s
cycle of the PCR with a thermostable polymerase (
Thermus acquaticlisusing oligonucleotide prime
(Genset, Paris) specific for mouSéh (Takabatake ¢
al., 1997). The Sprimer (primer |, TCTGTGAGA-
ACCAGTGGCC) contained the initiation cod
(underlined), whereas the' 3primer (primer Il
GCCACGGAGTTGTCTGCTTT) was complementi
to the 3 end of the mouse&hhcoding region. Th
following parameters were used for the react
denaturation (45 seconds) at 94°C, annealing at
(45 seconds), and elongation at 72°C (45 second
30 cycles. The PCR mixture was electrophoresed
2% agarose gel and stained with Ethidium Bromid

RESULTS

The rostral SVZ does not contribute to OB
oligodendroglial population

During postnatal development, neurons cont
to be born in the subventricular zone (SVZ) of
lateral ventricles. These cells migrate as a net
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=
Fig. 1. Grafted postnatal SVZ of the lateral ventricles and embryonic olfactory
bulb (OB) generate oligodendrocytes in the corpus callosum. (A-E) Fragments
from the SVZ of the lateral ventricles B2nZ31/1.9 mbp-lacdigenic mice were
transplanted into the SVZ of wild-type mice, as schematized in A,B (A, donor; B,
host). (C) Three weeks later, transplanted mice were analyzed after X-gal staining
of frozen coronal sections. The presencB-gal-expressing cells in the SVZ of a
transplanted animal indicates the site of the graft. (PlEp)" myelinating
oligodendrocytes are detectable in the corpus callosum (D), whereas none is seen
in the OB (E). In myelinating oligodendrocytes from the donor, the product of X-
gal reaction stained the cell body and diffuses along the myelinated fibers. By
contrast32nZ31" interneurons, which are X-gal positive only in the nucleus, are
numerous in the OB (E), illustrating that they have migrated from the graft into
the OB. (F-I) Fragments from E17.5 OB frdn® mbp-lacZransgenic embryos
were transplanted into the SVZ of the lateral ventricles of P3-P5 wild type, as
schematized in F,G (F, donor; G, host). Three weeks later, transplanted mice were
analyzed after X-gal staining of frozen coronal sections of the corpus callosum
(H) and the OB (I)Mbp* myelinating oligodendrocytes are seen in the corpus
callosum but none is detected in the OB.

of chains through the SVZ and the rostral migratory streameurons (Lois and Alvarez-Buylla, 1994). To determine

(RMS) into the OB, where they differentiate into maturewhether

postnatal subventricular precursors could also



4996 N. Spassky and others

contribute to the oligodendrocyte population in the OB, wepresence of oligodendrocyte progenitors (or precursors) in the
performed a series of homotopic and isochronic grafts. grafted tissue at the time of transplantation. Howeve-gal-
Transplantation experiments were performed using, as expressing cells were detected in the OB of the recipient
donor, either th&.9 mbp-lacZransgenic (Gow et al., 1992) or animals (Fig. 1I).
a double transgenic that was generated by crodsthgnbp- . .
lacZ with £2nZ31 homozygous animals. We have previously " Vitro evidence S _
shown that in 1.9 mbp-lacZ transgenic animals, only To further explore the intrinsic potential of the OB to generate
myelinating oligodendrocytes express the transgene (StankdHigodendrocytes, we turned to an in vitro approach. In the
et al., 1996). In thgg2nZ31 transgenic, only the nuclei of a mouse embryo, the OB cannot be unambiguously dissected
specific set of developing and mature interneurongayal”  before E12.5. At this developmental stage, however, cells
(Cohen-Tannoudiji et al., 1992; Jankovski and Sotelo, 1996). Ieriginating in the anterior entopeduncular area (AEP) or medial
bigenic mice, neurons are thus easily distinguished froranglionic eminence (MGE) have already started to migrate,
myelinating oligodendrocytes. Fragments from the SVZ of th@nd the caudorostral migration d?lp* oligodendrocyte
lateral ventricles from P3-P5 donors were transplanted into tH@ecursors from the AEP into the OB anlage cannot be
rostral SVZ of P3-P5 wild-type mice (Fig. 1A,B). Three weeksexcluded. To avoid this pitfall, experiments were conducted at
after transplantation, grafte@tgal-expressing cells were still E9.5 and E10.5, i.e. at embryonic stages when, in the AEP, the
observed in the SVZ of the recipient (Fig. 1@gatt localization ofPIp™ cells is strictly restricted to the ventricular
myelinating oligodendrocytes were observed in the corpu
callosum and the anterior commissure, in seven out of 1 T
grafted animals, regardless of wheth&r mbp-lacZransgenic O
or bigenic mice were used as donors (Fig. 1D). No myelinatin
oligodendrocytes were detected in either the RMS or the O
(Fig. 1E). By contrast, when the double transgenic was used
donor, numerous interneurons (cells that labeled with X-ge
only in their nucleus) were present in the granular layer of th B
OB (Fig. 1E). These results suggest that the SVZ of later: 100 4 o=2t n=lo n=1 n=32
ventricles does not contribute to the oligodendroglial _[
population of the OB.

80

Intrinsic potential of embryonic OB to generate nels
oligodendrocytes 60

In vivo evidence

To investigate a possible intrinsic genesis of oligodendrocyte 40
in the OB, we conducted a series of heterotopic an
heterochronic transplantations. OBs from 1m8bp-lacZ

transgenic donors at E17.5 were transplanted into the SV 20 4
of the lateral ventricle of P5 wild-type mice (Fig. 1F,G).

Three weeks after transplantatior3-gal* myelinating 0
oligodendrocytes were detected in the corpus callosum of thre CT RT DT CT RT DT
out of six transplanted animals (Fig. 1H), suggesting th

E9.5+11 DIV E9.5+13 DIV

Fig. 2. The development of oligodendrocytes in E9.5- and E10.5- C
derived telencephalic explants is not restricted to caudal

telencephalon. Telencephalon of embryos at E9.5 or E10.5 was

carefully split into caudal (CT), rostral (RT) and dorsal (DT) 100
territories. (A) The plane of dissection of an E9.5 embryo used to
separate the caudal, rostral and dorsal telencephalon. Explants were 1
cultivated for various periods of time before being analyzed after 80 4
immunolabeling with O4 mAb. (B) At E9.5, none of the
telencephalic explants contained*@#lls after 11 days in vitro n=145
(equivalent to E20). After 13 days in vitro (equivalent to P2), 47% 60 { nene
and 56% of caudal and rostral telencephalic explants, respectively,
contained O#cells. By contrast, more than 85% of dorsal explants
were negative for O4cells at 13 days in vitro. (C) At E10.5, both
caudal and rostral territories were able to generatecéits after 10

or 12 days in vitro (P2). The data represent the mean proportion of
explants in each categoryts.e.m. The number of explants analyzed in
each category is indicated above the bars. White bars, fewer than 10
O4* cells per explant; hatched bars, 10 to 100 &lls per explant;

black bars, more than 100 Oéells per explant. di, diencephalon; . .
epa, entopeduncular area; mge, medial ganglionic eminence; os, CT RT CT RT
optic stalk. E10.5+10 DIV E10.5+12 DIV

n=5§

n=78
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Fig. 3.Cells in caudal (A,D), rostral (B,E) and dorsal

(C,F) E9.5-derived telencephalic explants stained with O4 CT RT DT
mAb at 13 days in vitro. (A,B) Note that the morphology
of O4 cells in caudal and rostral explants is identical.
Inset in B is a rostral culture stained at 15 DIV with O1
mADb, showing that cells generated in rostral explants arg
also O and therefore differentiated oligodendrocytes. :
(C) The vast majority of explants derived from the dorsal g
telencephalon did not generate*@#lls after 13 days in .
vitro. This inability was, however, only transient, and"O4 K
cells were observed at 19 days in vitro (inset in C). :
(A-C) O4 labeling; (D-F) corresponding interferential
contrast images. Scale bar: |3%; 50um in the inset.

layer. The telencephalon was divided into tl
domains (Fig. 2A). The rostral telencephalon
considered as the presumptive territory of the
(Rubenstein et al., 1998). The caudal telencepl
included two potential foci of oligodendrogenesis: *
AEP, a territory with a high density Bp-expressin =
cells, and the MGE, which expressedgfra from
E10.5 onwards (Spassky et al., 1998). Finally, the dorsdimited potential of dorsal explants to generate
telencephalon was assumed to be a territory that was likely igodendrocytes was only transient, and in dorsal explants
have little or no oligodendroglial potential. In a first series ofanalyzed at 19 days in vitro, Odells, some of which had the
experiments, explants were seeded at E9.5 and analyzed typical ‘sun-like’ morphology of mature oligodendrocytes,
immunolabeling with O4 mAb (a marker of pre- were detected in all the cases analyzed (inset in Fig. 3C).
oligodendrocytes) at 11 or 13 days in vitro (equivalent to P1 or )
P3). After 11 days in vitro, no oligodendrocytes had bee®pinal cord environment does not alter the delayed
generated from any of the territories. By contrast, at 13 days @Ppearance of telencephalic oligodendrocytes
vitro, O4" cells were observed in 45% and 60% of caudal anth explants derived from E9.5 rostral or caudal telencephalon,
rostral explants, respectively (Fig. 2B, Fig. 3A,B,D,E). Similaroligodendrocyte differentiation occurred after 13 days in vitro,
experiments were then conducted with explants micro-dissectechereas explants isolated from E9.5 spinal cord gave rise to
from E10.5 telencephalon. No Odells were detected at 9 days oligodendrocytes after 9 days in vitro. We therefore examined
in vitro, either in caudal or rostral territories (not shown).whether soluble factors from spinal cord cultures could
However, at 10 days in vitro (P1) Odells were presentin more accelerate the onset of production of telencephalic
than 80% of the caudal explants, and nearly half of themligodendrocytes. Conditioned medium from E9.5 spinal cord
contained more than 100 Odells per explant. For the rostral cultures was collected at 3 and 6 days in vitro, and added to
territory, 16% of explants gave rise to ‘Ogklls at 10 days in telencephalic cultures immediately after plating and
vitro. At 12 days in vitro, O#cells were observed in 84% and subsequently every 2-3 days. Neither the 3 days in vitro nor
71% of explants from caudal and rostral territories, respectivelyhe 6 days in vitro spinal cord-conditioned medium affected the
To prove that O#cells arising from rostral explants were nottiming of oligodendrocyte differentiation in telencephalic
possible contaminants from olfactory ensheathing cells (OECS}ultures (Table 1). To determine whether direct cell-cell contact
explants were also immunostained with O1mAb. It has, indeedpuld affect the timing of differentiation of telencephalic
been shown that OECs in culture are*Ofut not O  oligodendrocytes, we established mixed spinal cord-
(Dickinson et al., 1997). At 15 days in vitro, the number of O1 telencephalon cultures. To distinguish telencephalic and spinal
cells was similar in E10.5-derived caudal and rostral explantsord oligodendrocytes, telencephalon from EPI5-sh ble-
and these Olcells had the typical multi-branched morphology lacZ transgenic mice (Spassky et al., 1998) were dissociated
of oligodendrocytes (inset in Fig. 3B). The presence of Oland mixed, in a 1 to 1 ratio, with cells dissociated from E9.5
cells in these explants demonstrates that they belong to theld-type spinal cord. While O4 cells were observed already
oligodendrocyte lineage. Thus, explants from the rostral andt 9 days in vitro, n@-gaf-/O4" cells were detected before 13
caudal telencephalon of E9.5 or E10.5 mouse have a simildays in vitro, whether or not PDGF-AA was added to the
oligodendrogenic potential, which further suggests an intrinsicultures (Table 1). Together, these data suggest that the timing
potential of the OB anlage to generate oligodendrocytes. of oligodendrocyte differentiation is driven by an intrinsic
In comparison with caudal or rostral explants, at 13 days idevelopmental clock (Barres et al., 1994; Temple and Raff,
vitro fewer than 15% of E9.5 dorsal explants gave rise tb 041986), and compared with spinal cord oligodendrocytes, this
cells, and the number of O%ells per explant was always clock is held up by 4 days in telencephalic oligodendrocytes.
below 100 (Fig. 2C, Fig. 3C,F). It is of note that the number o ]
of 04" cells generated from E9.5 dorsal explants at 13 days irontribution of Shh to rostral telencephalic
vitro (P3) was very similar to that of E10.5 rostral explants afligodendrogenesis
10 days in vitro (P1), suggesting a delayed appearance ®he previous experiments strongly suggest an intrinsic
oligodendrocytes in dorsal explants. Indeed, the apparepbtential of the rostral telencephalon to generate



4998 N. Spassky and others

Fig. 4.Low levels ofShhare detected in the rostral telencephalon. (A) Sagittal cryosection of
E10.5 mouse forebrain hybridized wiihhdigoxigenin-labeled antisense cRNA probe. The
most rostral signal foBhhis in the anterior entopeduncular area (AEP), caudal to the medial
ganglionic eminence (MGE). No hybridization signal $vhis detected in the rostral (RT)

L and dorsal (DT) telencephalon. AHy, anterior hypothalamus; ChPI, choroid plexus; OR, optic
recess. (B) mRNA was extracted from rostral (RT), caudal (CT) and dorsal (DT) explants
derived from E9.5 and E10.5 telencephalon at the time of isolation (lane 0) or after 5 (lane 5)
and 10 (lane 10) days in vitro and subjected to RT-PCR with primers specBictfdn

AEP’K’- contrast to data obtained by in situ hybridization, a definite positive sigrghfis amplified
. v from E9.5- and E10.5-derived rostral territory explants at the time of isolation. In dorsal
' OR explants Shhis detected only after 10 or 5 days in vitro for E9.5- or E10.5-derived explants,

respectively. Scale bar: 220n.

AHy I

reorganization of the dorsal explants in culture (Fig. 4B). This

B E9.5 E19.5 delayed expression ofShh might explain the delayed
RT CT DT RT CT DT emergence of oligodendrocytes in dorsal, compared with
pDiv. .0 5 10 0 5 10 0 5 10 0 5 0 5 0 5 caudal or rostral exp|ants_
‘ To directly address the question of the involvement of Shh
in the induction of telencephalic oligodendrocytes, rostral,
. caudal and dorsal telencephalic explants isolated from E10.5

embryos, were treated with a function blocking anti-Shh
e gy antibody (5E1 mAb) for 12 (caudal and rostral) or 19 (dorsal)
days. As illustrated for rostral explants (Fig. 5), in all territories
examined, blocking Shh signaling strongly inhibited" ©dlls
appearance (Fig. 5A,B): no Odells were detected in explants
oligodendrocytes. To investigate whether Shh is required faterived from the AEPnE16), the rostral telencephalam=(1)
oligodendrogenesis in the rostral telencephalon, we firsir dorsal telencephalom£7), and fewer than 20 O4ells
examined the expression 8hhby in situ hybridization on were detected in only two out of 11 explants derived from the
brain tissue sections, and RT-PCR of mRNAs extracted frormedial ganglionic eminence. Treatment of explants with 5E1
explants. As previously described (Shimamura et al., 1995), thmAb also had a marked effect on the number of Toélironal
most rostral limit of Shh expression detected by in situ cell bodies and neurites emerging from the cultures (Fig.
hybridization at E9.5 and E10.5 corresponded to the AEP, arsC,D). The effect of anti-Shh antibody on the generation of
no signal foriShhwas detected in the rostral telencephalon (Figneurons was, however, less drastic than on oligodendrocyte
4A). development, as TuJ1 cell bodies and neurites were observed
To determine whetheé3hhwas expressed at E9.5 and E10.5in all the explants examined. Altogether, these results strongly
in the telencephalon at levels below the lower limit of detectiosuggest that, as previously demonstrated in the spinal cord, Shh
of in situ hybridization, mMRNAs extracted from different is required for the induction of oligodendrocytes in the
telencephalic territories were reverse transcribed antelencephalon.
amplified. In the caudal and rostral telencephal&mh ] .
transcripts were detected at the time of isolation, as well asppearance of oligodendrocyte progenitor and
after 5 and 10 days in vitro (Fig. 4B). By contr&ihmRNAs  precursor cells in the OB
were not detected in freshly isolated dorsal telencephalofo determine the timing of the appearance of oligodendrocyte
explants. However, after 10 days in vitro or 5 days in vitro, grogenitors and precursors in the OB, we analyzed the pattern
weak, but definit&Shhsignal was detected in explants isolatedof expression, between E14.5 and P2, of the earliest
at E9.5 or E10.5, respectively, suggesting a moleculagstablished markers of oligodendroglial lineage, ©&gl

Table 1. Spinal cord environment does not accelerate the process of development of oligodendrocytes in the telencephalon
Timing of appearance of Oells

Type of culture 9 days in vitro 11 days in vitro 13 days in vitro
E9.5 spinal cord + ++ ++

E9.5 caudal telencephalon - - +

E9.5 caudal telencephalon + spinal cord CM (3 days in vitro) - - +
E9.5 caudal telencephalon + spinal cord CM (6 days in vitro) - - +
E9.5 caudal telencephalon* + E9.5 spinal cord - - +

E9.5 cells derived from either spinal cord or caudal telencephalon were cultivated for various periods of time before begsgaimed with O4 mAb.

—, no O4 cells; +, 10 to 100 O4cells; ++, more than 100 O4ells/explants. Culture medium from spinal cord explants (spinal cord CM) was collected after
3 days in vitro or 6 days in vitro and added to culture medium of caudal telencephalon (1/1, v/v).

*Cells were dissociated before being plated X2® cells from each territory) on poly-L-Lysine coated glass coverslipsplarsh ble-lacZE9.5 mice were
used as a source of caudal telencephalon cells. In addition to O4 immunolabeling, mixed dissociated cultured were tobategbhithdistinguish
telencephalicf§-gal*/O4*) and spinal cord3-gal/O4") oligodendrocytes. For each experimental condition, at least three cultures were analyzed in three separate
experiments.
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Olig2 and Pdgfra was examined by in situ hybridization.
Olig1l andOlig2 had similar patterns of expression. At E14.5,
Oligl/2-expressing cells were observed in the MGE, mostly
in the ventricular layer, although scattered cells were als
seen in the marginal layer, but m@ligl/2* cells were
detected in the OB (Fig. 6A). At E14.5, only a fBdgfra*
cells were dispersed in the MGE and none was detected
the OB (Fig. 6D). In the OB, the firQligl/2 and Pdgfra*
cells were observed at E16.5 (Fig. 6B,E). These cells wel
rare in the ventricular zone, not exceeding two to thre:
cells/section. At P3, cells expressi@tjgl/2 andPdgfra had
dramatically increased in number, as illustrated on coron:
sections of the OB (Fig. 6C,Mdgfra andOligl/2 cells were
abundant mainly in the marginal layer and virtually
undetectable in the ventricular layer. To defptexpressing
cells, we used thelp-sh ble-lacZmouse. In this line, we
have previously shown that transgene-expressing cel
differentiate into oligodendrocytes upon continuous
expression of the transgene (Spassky et al., 1998). The fil
B-gal-expressing cells were detected in the ventricular laye
of the OB at E14.5 (Fig. 6G). Most of these cells were
unipolar with a cell body at a variable distance from therig. 5. Development of oligodendrocytes in rostral telencephalon
lumen of the ventricle, and a long process extending towardepends on Sonic hedgehog signaling. Explants derived from E10.5
the lumen (Fig. 6H). At E17.5, the numbeiPefal” cells had  rostral telencephalon were analyzed by double immunostaining with
dramatically increased. Transgene-expressing cells wef@4 (A,B) and TuJ1 (C,D) mAbs at 12 days in vitro. In control
detected both in the ventricular and subventricular layers, arfRxperiments, a large number of GA) and TuJ1 (C) cells

most of these cells had a bipolar morphology (Fig. 61). At padeveloped. When similar explants were grown in the presence of a
B-gal* cells were less numerous and were detected in tl'f nction bloc'klng anti-Shh antlbody for 12 days, no"©dlls were
ventrig:ular, subve_ntricular and m_arginal Iaygr (Fig. 6J). Th ;itggtﬁt?yﬁg:?r‘l’vggﬁtrr‘oTIL('g“):?gis‘ltglS;Y?g&?d (D), although less
domain of expansion d¢¥-gal* cells in the marginal layer was

smaller than folPdgfra and Oligl/2 (compare Fig. 6K with

Fig. 6C,F). At P3, the morphology ffgal* cells was

more complex, some being bipolar, others alr

extending several processes suggestive of E14.5
oligodendrocytes. ¥

and Olig2, Pdgfra and Plp. Cellular expression 00ligl, control +anti Shh

&

E16.5-E17.5 P3

Plp-expressing cells in the OB are * .
oligodendrocyte progenitors M
To determine whether the3-gal/Plp* cells are NS
oligodendrocyte progenitors, two types of experim
were performed. First, we took advantage of
presence in thplp-sh ble-lacZine of thesh blegene
which confers resistance to the antibiotic zeomyc A -
Plp-expressing cells. Zeomycin (gg/ml), killed 95 tc 15
100% of control non-transgenic cultures within 1C - ¥

Fig. 6. Developmental expression in the OB of
oligodendrocyte lineage early markers. (A-F) Adjacent
sagittal cryosections of E14.5 (A,D), E16.5 (B,E) and
coronal cryosections of P3 (C,F) mouse OB were hybridized
with eitherOlig1/2 (A-C) or Pdgfra(D-F) DIG-antisense 1
riboprobes. (G-K) Sagittal (G-J) and coronal (K) vibratome -
sections of E14.5 (G,H), E17.5 (1,J) or P3 (#)-sh ble- E" \
lacZ OBs were treated for histoenzymatic detectiof8-gl
activity (bluo-gal). Higher magnifications show tiagaf*
cells have a unipolar morphology at E14.5 (H), and are ofte
bipolar at E17.5 (J). At all ages examinBejal* cells are
present in the ventricular layer. By contrast, only occasional®
Oligl/2- andPdgfra-expressing cells are seen in the
ventricular layer at E16.5, and none at E14.5 or P3. Scale
bar: 260um in A-G,I,K; 80pum in H; 20um in J.
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Fig. 7. PIp-expressing cells in the OB express the AN2/NG2
marker of oligodendrocyte precursors. Coronal cryosectionsh g

of E17.5plp-sh ble-lacZ0B were double labeled with bluo- =

gal (A) or X-gal (B) and AN2 polyclonal antibody revealed .k -

with peroxidase-conjugated secondary antibody and DAB ¢ _a ' B /
substrate. (A) Double-labelgdgal'/AN2* cells, some of ",..p

which (in the upper right corner) have the typical bipolar 4 "
morphology of oligodendrocyte precursor. (B) In the -
subventricular layer (the limit of the ventricle (V) is indicated i

by a broken line)B-galt/AN2- cells (arrows) ar@Ip* cells, S .

which are probably less advanced in the oligodendrocyte 3 ﬁ’

lineage tharB-galt/AN2* cells. Note that AN2endothelial P, 5‘,

cells (with a brown precipitate diffusely distributed in the cell ¢ ‘ﬁ .
body, arrowheads) afegal negative. Scale bar: {in. —— vy

days, butsh bleexpressing cells survived for several weekspopulation of telencephalic oligodendroglial progenitors.
under these conditions. OBs from El@p-sh ble-lacZ Rostral and caudal telencephalon from E12.5 mice were
animals were dissociated and cultivated in the presence dfssociated and cultivated in BS medium supplemented with
zeomycin. After 7 and 15 days in vitro the cell phenotype wa&% FCS and in the presence of increasing concentrations of
analyzed by evaluating the expression Pfgal and STI571, an established inhibitor of PDGF receptor tyrosine
immunolabeling with either O4 or O1 mAb. The percentage okinases (Buchdunger et al., 2000). After 13 days in vitro, the
X-gal-positive cells increased from 45.7% to 85.6% between @ultures were immunolabeled with O4 mAb. In cultures
and 15 days in vitro. At 7 days in vitro, 95.7% of X4gedlls  derived from rostral telencephalon, the number of O4 cells
were O4, and at 15 days in vitro, 94% of the X-gaklls was not significantly different when cells were grown in the
were OF. Thus, in the OB th&Ip* cells differentiate into absence or the presence of STI571 (10-500 nM) (Fig. 8A).
01" oligodendrocytes upon continuous expression of thdo complement the STI571 blocking experiments we also
transgene. performed a ‘gain-of-function’ experiment by adding PDGF-

Secondly, sections of OB from E1pp-sh ble-lacanouse, AA (10 ng/ml) to the culture medium, instead of the inhibitor.
were double labeled with bluo-gal and AN2 polyclonalAddition of PDGF-AA had no effect on the number of O4-
antibody. The AN2 antibody has been raised against a prote@xpressing pre-oligodendrocytes (Fig. 8A). By contrast, in
recently identified as the NG2 chondroitin-sulfatecultures derived from E12.5 caudal telencephalon and
proteoglycan, an established marker of oligodendrocytanalyzed at 13 days in vitro, blocking PDGFRignaling
precursor cells (Nishiyama et al., 1996; Niehaus et al., 199 duced a marked decrease in the number of @4s (Fig.
Dawson et al., 2000). Double-labeled cells were observed BB). This response of STI571 was dose dependent, with no
the mantle layer, confirming that tRép cells observed in the effect at 50 nM, and a maximum 66% inhibition at 500 nM.
OB are oligodendrocyte precursors (Fig. 7A). Notfalatt ~ The effect of PDGF-AA on oligodendrocytes in cultures
cells were AN2. Thep-galf/AN2- cells were mostly observed derived from caudal telencephalon was further supported by
in the ventricular and subventricular layer, suggesting thethe fact that addition of PDGF-AA induced a 32% increase
were less advanced in their differentiation process (Fig. 7B)n the number of O# cells (Fig. 8B). Even at 500 nM,
AN2/NG2 is also expressed by endothelial cells forming théaowever, STI571 did not completely deplete the 04
blood capillaries. None of the NG2ndothelial cells wag- population in caudal telencephalon cultures. As this territory
gal* (Fig. 7B). Altogether, these results strongly suggest thancludes the AEP and the MGE, the cultures derived from the
Plp* cells, first detected at E14.5 in the ventricular layer of theaudal telencephalon contained a mixtur@lpfandPdgfra-

OB, are progenitors of oligodendrocytes. expressing progenitors. To determine whether the PDGF-AA-
) . ) independent O% cells observed in these cultures in the

Plp-expressing oligodendrocyte progenitors do not presence of STI571 originated frdPfp* progenitors, caudal

depend on PDGFR a signaling telencephalon cultures derived from E1p#B-sh ble-lacZ

In the OB, Plp-expressing oligodendrocytes progenitors aremice were treated with STI571 and analyzed at 12 days in
detected at E14.5, while the filBdgfra* cells are observed vitro by double immunolabeling with O4 mAb and an anti-
only 2 days later. The delay in the chronology of expressiofi-galactosidase antibody. As expected, the STI571-treated
of these two markers of oligodendrocyte progenitors couldultures showed a dose-dependent reduction in the number of
correspond to successive stages along the differentiatiad4" cells, and a 1.6-fold increase in the presence of PDGF-
pathway of a single oligodendroglial lineage, or be indicativedAA (Fig. 8C). By contrast, the number d¥-gaf" cells

of the existence of two different lineages characterized by theemained constant and was not significantly different from
expression of eithePlp or Pdgfra. In the latter case, the control, regardless of whether the cultures were treated
oligodendrocytes arising fronPlp-expressing progenitors with STI571 or PDGF-AA (Fig. 8C). Altogether, these
would not express PDGFRand therefore be independent onresults demonstrate that development Rip-expressing
PDGFRux signaling for their proliferation and survival. To oligodendrocyte progenitors occurs independently of PDGFR
determine whether development &ip* oligodendrocyte signaling, and strongly suggest that these progenitor cells
progenitors depends on PDGF, we investigated theonstitute an oligodendrocyte lineage that is different from
consequence of blocking PDGE&Rsignaling on the the PDGFRi-expressing cells.
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Fig. 8.Blocking PDGFR tyrosine kinase do not interfere with developmeRtfprogenitors cells. Rostral (A) or caudal (B,C) telencephalon
from E12.5 OF1 wild-type (A,B), qulp-sh ble-lacZransgenic (C) mouse were dissociated, seeded in 96 wells dishes and cultivated in BS
medium supplemented with 1% FCS. After 2 days in vitro, either STI571 (50-500 nM) or PDGF-AA (10 ng/ml) was added. AfRyrdr3 (A,
12 (C) days in vitro, cultures were immunolabeled with O4 mAb alone (A,B), or 04 mAb arfiigaitictosidase Ab (C), and immunopositive
cells were counted. In C, the white columns represent thie€l$ and the hatched columns fliigal” cells. Each column represents the
meants.e.m. of three separate experiments representing 14 to 24 different cultures (A,B) or two separate experimenig edghederitb
different cultures (C) (**P<0.0001; *P<0.05, Student's-test).

DISCUSSION expressing cells detected in the OB at E14.5. The last piece of
evidence that the OB has intrinsic oligodendrogenic potential
Intrinsic origin of oligodendrocytes in the OB comes from our observations that there are cells in the OB

The aim of our study was to investigate the origin ofheuroepithelium that express the NG2 proteoglycan, a marker
oligodendrocytes in the OB. Our results strongly suggest th& oligodendrocyte precursor cells elsewhere in the CNS. In
the OB has intrinsic oligodendrogenic potential. Four lines othe pIp-sh ble-lacZransgenic mouse these NGlls are(-
evidence support this poss|b|||ty First’ the presence (ﬁaf*, prOVIdIng ad.dltlonal evidence that they are related to the
myelinating oligodendrocytes in the corpus callosum an@ligodendrocyte lineage.

anterior commissure of host animals transplanted with E17.5 Consistent with previous work, the SVZ of the lateral
OB shows that oligodendrocyte precursors were present in tiygntricles does not contribute to the population of OB
territory transplanted at the time of the graft. However, thesgligodendrocytes (Hu and Rutishauser, 1996). We cannot,
experiments were performed under heterotopic heterochronfowever, eliminate the possibility that some of the
conditions, and do not exclude the possibility thatoligodendrocytes in the OB originate from more caudal
oligodendrocytes are induced by the environment in which thierritories, like the AEP or the MGE. Oligodendrocyte
graft was placed. A more convincing demonstration wouldProgenitors intrinsic to the OB are most likely toRip™ cells,
require transplantation of E9.5-E10.5 rostral telencephalon, tridready present in the ventricular layer at E14.5. Cells
presumptive territory of OB, under homotopic homochronicexpressinddgfra andOligl/2appear in the OB only at E16.5,
conditions, which is not feasible in the mouse. Seconc®nd, as discussed below, there is strong evidence that they
explants from E9.5 or E10.5 rostral telencephalon generakelong to a different lineage from tRép™ cells. In this respect,
04" pre-oligodendrocytes and ®1loligodendrocytes in the Pdgfra® cells, which originate in the MGE, are good
culture. Explants were isolated at these early developmentg@ndidates for a putative population of precursors invading the
stages to avoid a possible contamination by cells from a moféB (Tekki-Kessaris et al., 2001).

caudal origin. It has been shown that rostral migration of cells . o )

originating in the MGE or the AEP does not start before E11.8¢layed differentiation of telencephalic

(Anderson et al., 2001). It is thus very likely that*Qlls  oligodendrocytes

observed in the explant are generated by progenitors eithkr the rostral telencephalon explants, oligodendrocytes are
already present in the rostral telencephalon at the time of ttgenerated approximately on schedule compared with the in
dissection, or specified in the explant, by oligodendrogliavivo appearance of the first O4 cells in the OB. It is recognized
inductive signals present in the rostral telencephalon. Thirdhat cells in the oligodendrocyte lineage follow, in vitro, the in
the zeomycin selection experiments performed on OB fromvivo developmental timing (Raff, 1989). This appears to be an
plp-sh ble-lacZ embryos showing that more than 90% intrinsic property of oligodendrocyte precursors dictated by
of the zeomycin-selected cells differentiate into *O1 their site of origin. In E9.5-derived spinal cord explants, the
oligodendrocytes, unambiguously demonstrate that at leafitst O4" cells were detected at 9 days in vitro. This is in
part of the oligodendrocytes in the OB arise from -  agreement with the study by Sussman et al. (Sussman et al.,
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2000), who reported that more than 60% of ventral spinal corlencephalon, by contrafdgfra* cells are not found in the
explants contain O4cells after 7 or 5 days in vitro, when AEP, but in the adjacent MGE (Spassky et al., 1998),
derived from E11 or E13 embryos, respectively (equivalent tsuggesting that telencephalic oligodendrocytes might be
E18). By contrast, in E9.5 or E10.5 telencephalic explantgenerated from both the AEP and the MGE. In both the chick
(whether caudal or rostral), O4ells are detected after 13 or and the mouse, the AEP is the most rostral domain of
11 days in vitro, which is in agreement with a previous reporéxpression oShh(Fig. 6) (Shimamura et al., 1995). Our data
that, in E12.5-derived dissociated telencephalic culture$, O4re in agreement with the recent report showing that in the
cells are first detected after 9 days in vitro (Spassky et almouse telencephalon expression of the early oligodendrocyte
1998). As birth in the mouse occurs around E20.5 (P1), thimarkersOlig2, Plp andPdgfra corresponds to regions of Shh
number of days in vitro would correspond with P2-P3 in vivo.expression (Nery et al., 2001). The finding that blocking of Shh
Thus emergence of Ofre-oligodendrocytes is delayed by 4 inhibits the development of O4ells from E9.5-derived AEP
days in the telencephalon compared with the spinal cord, armthd MGE explants (referred to as caudal telencephalon),
this corresponds to the timing of detection of these cells isuggests that a common Shh-dependent mechanism governs
vivo. The process of differentiation of telencephalic"©dlls  the genesis of oligodendrocytes in the caudal telencephalon
was not accelerated by either adding spinal cord conditioneshd spinal cord. We find that although E9.5 mouse dorsal
medium, or mixing them with spinal cord cells, thustelencephalon explants do not give rise to oligodendrocytes in
eliminating the possibility of diffusible or cell-cell contact short-term cultures (11-13 days in vitro), in long term cultures
mediated cues. Because, at E8.5, Shh is already expressed(& days in vitro), O#%cells did develop in these explants. A
along the rostrocaudal axis of the neural tube, it is unlikely thatimilar observation has been reported for E11 mouse dorsal
this delay reflects earlier priming by Shh of neural stem cellspinal cord explants, which also generate oligodendrocyte
in the spinal cord compared with the brain. Therefore, théneage cells after a long delay (Sussman et al., 2000).
difference in the time of appearance of telencephalic versuSonsistent with our findings in dorsal telencephalon explants,
spinal cord oligodendrocytes is more probably related to celSussman et al. (Sussman et al., 2000) have also reported
intrinsic differences between these two populations (Spassldelayed expression of Shh in their dorsal spinal cord explants.

et al., 2000). This delay might reflect molecular reorganization of dorsal

) . territories in vitro, as Shh is not normally present during
Sonic hedgehog dependence of telencephalic development either in dorsal spinal cord or dorsal
oligodendrocytes telencephalon. Whatever the mechanism, these results

In the spinal cord, there is compelling evidence for themphasize the role of Shh in the specification of
involvement of Shh in the induction of the oligodendrocyteoligodendrocyte lineage.
lineage and this process appears to be conserved from birds to ) ) )
humans (Orentas and Miller, 1996; Pringle et al., 1996; Ponc&vidence for two different oligodendrocyte lineages
et al., 1996; Hajihosseini et al., 1996, Orentas et al., 1999). Sihainly on the basis of the striking differences in their
also induces motoneurons and interneurons, and these a@atiotemporal pattern of expression, we have previously
generated before oligodendrocytes (Roelink et al.,, 199%roposed thatPdgfra and Plp-expressing cells in the
Ericson et al., 1997). It seems unlikely that oligodendrocytgerminative neuroepithelium belong to two different lineages
development requires signals from motoneurons. In the chiakf oligodendrocytes. However, we could not exclude the
spinal cord, it has been shown that induction ofpossibility of a single oligodendrocyte lineage (Spassky et al.,
oligodendrocytes is independent from motoneuron signaling000; Richardson et al., 2000).
(Soula et al., 2001). In the mouse, oligodendrocyte progenitors Our experiments using STI571 provide strong evidence that
develop normally inlsl1”~ mutant embryos, which lack the Plp* progenitors belong to a different oligodendrocyte
motoneurons (Pfaff et al., 1996; Sun et al., 1998). However, lineage than the PDGFRexpressing cells. STI571 is a protein-
remains possible that signals from motoneuron progenitor$yrosine kinase inhibitor that has selectivity for the Abl and
which do not expresksll and are not eliminated in the null PDGF receptor tyrosine kinases (Druker et al., 1996;
mutant, might be involved in oligodendrocyte lineageBuchdunger et al., 2000). It has recently been shown that
specification. STI571 is a potent inhibitor of Kit and PDGF-mediated signal
There is, as yet, little evidence that the same moleculdransduction, but has no effect on closely related kinases such
mechanisms mediate early development of oligodendrocyt@s Fms (Csflr — Mouse Genome Informatics), Kdr, Fltl, Tek
progenitors in the forebrain. One potential source ofnd FIt3 (Buchdunger et al., 2000). Based on its preclinical
oligodendrocytes in the diencephalon is the zona limitanactivity against Ber-Abl, STI571 is currently in clinical trials
intrathalamica (ZLI), the P2/P3 interprosomeric boundaryfor the therapy of chronic myelogenous leukemia (Druker et al.,
which has been shown to be a rich sourcelpf andOlig1/2- 2001). PDGF-AA has been described as a crucial factor for the
expressing cells by E10.5-E12.5 (Timsit et al., 1995, Lu et alproliferation and survival of oligodendrocyte precursor cells
2000). Consistent with a role for Shh in the induction of(Noble et al., 1988; Raff et al., 1988; Richardson et al., 1988).
oligodendrocyte lineage in the braf@hhis expressed in the In the OB, if thePdgfra* cells observed at E16.5 represent a
ZLI, and in embryos homozygous for null alleles $fih, slightly later developmental stage than Big" neuroepithelial
Oligl/2 transcripts are no longer detected in the ZLI (Lu et al.cells already present at E14.5, the number of Q#e-
2000). Based on the distribution of bdtp and Pdgfra, we  oligodendrocytes observed after 13 days in culture would be
have previously proposed that, in the chick, the AEP is thdramatically decreased by the treatment with STI571 and
major source of telencephalic oligodendrocytes (Pereancreased by the addition of PDGF-AA. This is not the case: in
Villegas et al., 1999; Olivier et al., 2001). In the mousecultures derived from the caudal telencephalon, the significant
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decrease, or increase, in the number of €@s after treatment hormone, glucocorticoids and retinoic acid in timing oligodendrocyte
with STI571 or PDGF-AA, respectively, clearly demonstrate developmentDevelopmeni20, 1097-1108.

oer ‘ _ .y i’ ; Bottenstein, J. E. and Sato, G. H1979). Growth of a rat neuroblastoma cell
the validity of our ‘loss- or gain-of-function expenmental line in serum-free supplemented mediupnoc. Natl. Acad. Sci. USAG,

strategy. In addition, in cultures derived from caudal gi4.517
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telencephalon cultures there is a mixturéPlf* and Pdgfra* transgenesMol. Reprod. Dev33, 149-159. _
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