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Abstract
Adult neural stem cells (NSCs) are located in the subventricular zone (SVZ), a specialized brain
niche located on the walls of the lateral ventricle. Under physiological conditions, NSCs generate
a large number of young neurons and some oligodendrocytes, however the mechanisms
controlling cell proliferation and migration are unclear. In vitro, epidermal growth factor (EGF)
signaling has been shown to be an important mediator of cell proliferation and migration in the
adult brain; however, the primary SVZ progenitors that respond to EGF are not well known. In
this study, we isolated SVZ type-B astrocytes and cultured them under different EGF
concentrations. We found a dose-dependent effect of EGF on proliferation rates and migration of
SVZ type-B astrocytes. We found that GFAP+ type-B astrocytes gave rise to highly migratory and
proliferating cells that expressed Olig2 and NG2. After EGF withdrawal, a significant number of
EGF-stimulated cells differentiated into S100β+ / O4+ oligodendrocytes. This study provides new
insights about the production of oligodendrocytes derived from the astrocyte NSCs residing in the
adult SVZ. To be able to manipulate the endogenous adult progenitors, it is crucial to identify and
isolate the responding primary precursors and determine the extracellular signals that regulate their
cell division, migration and fate.

INTRODUCTION
The subventricular zone (SVZ) is located on the walls of the lateral ventricle (Lois and
Alvarez-Buylla 1993; Morshead et al. 1994) and contains adult neural stem cells (NSCs),
which not only generate a large number of young neurons that migrate in chains to the
olfactory bulb (Lois and Alvarez-Buylla 1993; Lois and Alvarez-Buylla 1994), but also
some oligodendrocytes that migrate mostly into the neighboring corpus callosum (Gonzalez-
Perez et al. 2009; Menn et al. 2006). In the SVZ, primary precursors of new neurons in vivo
correspond to type B astrocytes, which divide and give rise to actively proliferating transit
amplifying type-C cells. Type C cells differentiate into neuroblasts (Type A cells) (Alvarez-
Buylla and Garcia-Verdugo 2002).

SVZ neural stem cells proliferate and self-renew in response to EGF in vitro (Craig et al.
1996; Doetsch et al. 1999; Gritti et al. 1999; Kuhn et al. 1997; Morshead et al. 1994;
Reynolds and Weiss 1992). Infusion of EGF into the brain results in a dramatic
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amplification of endogenous SVZ precursor cells (Craig et al. 1996; Doetsch et al. 2002;
Kuhn et al. 1997), promoting–oligodendrogenesis (Gonzalez-Perez et al. 2009). EGFR
signaling regulates the migratory pattern of neural precursors in the fetal telencephalon
(Burrows et al. 1997; Caric et al. 2001; Ciccolini et al. 2005), confers motile phenotype to
neural stem cells in vitro (Boockvar et al. 2003) and induces migration of SVZ-derived cells
(Aguirre et al. 2005). This suggests that EGFR signaling is an important mediator of cell
proliferation and migration. In the adult SVZ, EGFR has been found in the Type-B and
Type-C cells (Doetsch et al. 2002), however the primary SVZ precursor that first responds
to EGF signaling is not well-known. A previous study in vivo indicates that EGF induces
adult SVZ astrocytes to differentiate into the oligodendrocyte lineage(Gonzalez-Perez et al.
2009). However, EGF can also induce the production of local factors that could affect the
responsiveness of the SVZ primary progenitors. Therefore, isolating specific populations of
cells allows for monitoring the effects of EGF under controlled conditions. In this study, we
isolated and cultured SVZ type-B astrocytes and show that EGF induces a dose-dependent
effect on proliferation and migration of type-B astrocytes which, in turn, give rise to highly
migratory Olig2+ cells. Upon EGF removal, Olig2+ cells differentiate into s100β+ / O4+
cells. This study provides new insights about the production of oligodendrocytes derived
from adult neural stem cells. Since SVZ stem cells may function as source of neural
precursors for brain repair, elucidating the primary precursors that respond to growth factor
stimulation is a crucial step in manipulating SVZ progenitors.

MATERIALS AND METHODS
Animal Care and Tissue Processing

P45 CD-1 mice were housed in the animal care facility and were maintained in accordance
with the Committee on Animal Research Guidelines of the University of Guadalajara,
Mexico. For matrigel assays and primary cell cultures, animals were anesthetized with an
intraperitoneal injection of 25-30μl/g body weight of 2.5% Avertin®. Then, mice were
decapitated and their brains immersed in ice-cold PIPES buffer.

Matrigel assay
Under a dissecting microscope, the SVZ from P45- mice was dissected from 200-μm
coronal slices (from +0.5 to +0.2, antero-posterior coordinates relative to Bregma) by cutting
a 1 mm long (dorsal to ventral) x 0.3 mm wide (from lateral ventricle to brain parenchyma)
tissue piece with a 22.5° stab knife (Reading, PA; http//:www.surgicalsspecialities.com).
Special care was taken to avoid tissue derived from corpus callosum and striatum. Tissue
was then cut into pieces 50–300 μm in diameter. The explants were mixed with growth-
factor-reduced basement membrane matrix (BD MatrigelTM; BD Biosciences, San Jose, CA)
at 4°C in a 1:3 ratio and allowed to solidify into a glass-bottom 35-mm petri dish (Corning).
The gel containing the explants was overlaid with 1.5 ml of serum-free Neurobasal-A
medium (Gibco/BRL, Bethesda, MD) containing B-27 supplement (Gibco/BRL), 0.5 mM L-
glutamine (Gibco/BRL), and penicillin–streptomycin antibiotics (Gibco/BRL). Cultures
were maintained in a humidified, 5% CO2 incubator at 37°C. EGF was added to the media at
concentrations of 0, 2.5, 5, 10, 20, 50 or 100 ng/ml of EGF (Upstate biotechnology). Tissue
cultures were fixed at different days in vitro (DIV) by replacing media with 2%
paraformaldehyde (PFA) in 0.1M phosphate buffer (PB) for 1 h and post-fixed for 6 h at
4°C in the same fixative.

Primary cell culture preparation
Cortices, striatum or SVZ from P45- mice were dissected from 200-μm coronal slices, the
meninges were removed, and samples were minced and dissociated enzymatically by
incubation with 1 ml of 0.25% Trypsin + 0.5 mM EDTA (Gibco/BRL, Bethesda, MD) at
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37° C for 10 min. The trypsin was removed, fresh DMEM F-12 medium was added and
tissue was triturated with a sterile Pasteur pipette with flame-rounded tip (the tip was
rounded in a Bunsen flame and cooled in PBS). Trypsin was inhibited with DMEM/F12 +
10% fetal bovine serum medium. Remaining non-homogenized pieces of tissue were
removed using a 40-μm cell strainer. Cells were counted with a hemocytometer and cell
viability was determined with the use of trypan blue. 1×106 cells were plated in laminin-pre-
coated 25-cm2 flasks with vented caps. Flasks were incubated at 37°C and 5% CO2. After a
week, the culture medium was replaced with fresh medium; from this point, culture medium
was changed three times a week. Cell cultures were checked daily for viability and cell
density with an inverted microscope (Leica). Astrocyte cell cultures were purified as
described below.

Astrocyte cell culture purification
This procedure was performed as previously described (Chaichana et al. 2009; Lim and
Alvarez-Buylla 1999). At confluence, caps of 25-cm2 flasks were tightened. All flasks were
firmly taped on a rotating shaker. Then, cell cultures were shook for 8 hours at 1,000 RPM
at room temperature, so that only astrocytes remained adhered to the flask. The media in the
flask was removed along with detached non-astrocytic cells and cell debris was eliminated
by gently washing the flask twice for 1 min with 5 ml of sterile PBS pre-warmed at 37° C.
After that, 5 ml of DMEM + 10% fetal bovine serum medium, pre-warmed at 37°C, was
placed into flasks. To reduce the risk of tissue culture contamination, all flask caps were
replaced with new sterile vented caps. After that, cultures were immediately returned to the
incubator. Two days later, the same procedure was repeated. Cultures were then let to settle
down for at least 48h before use for spot assays.

Spot assay
This assay was performed as described previously (Wichterle et al. 2003) and modified as
follows: Purified astrocyte cultures were detached from flasks using 1 ml Trypsin/EDTA
(Gibco/BRL, Bethesda, MD) at 37°C and flasks were tapped to mechanically assist the
enzymatic detachment. Trypsin was inhibited with 10 mL of Neurobasal-A (NB-A) medium
+ 10% FBS + 10 μg/ml DNase I (Sigma). Cell suspension was placed into a sterile 15-ml
tube and centrifuged at 1000 RPM, 4°C for 3-5 min to pellet. Medium was removed and
cells re-suspended in a 5-ml Eppendorf tube using NB-A solution supplemented with
B-27(Gibco/BRL, Bethesda, MD). Cells were re-concentrated by centrifuging at 1000 RPM
at 4°C for 3 min. Finally, astrocytes were re-suspended with 3-5 μl of NB-A medium at a
final concentration of 1-5 ×105 cells/μl. Cell suspension was spotted (~1μl per spot) onto
polycarbonate filters floating on NB-A medium. Filters were fixed at different DIV by
replacing media with fixative at 37°C as described above.

Immunocytochemistry (ICC)
For freshly-dissociated cell staining, animals were decapitated and their brains immersed in
ice-cold PIPES buffer. Dorsal SVZ was dissected (1 mm long × 0.3 mm wide tissue piece
from lateral wall of ventricle). SVZ was minced and incubated in 0.25% trypsin-EDTA
solution at 37° C for 10 min. Then, trypsin was removed, fresh F-12 medium was added and
tissue was triturated with a fire-polished pipette. The resulting cell suspension was placed,
dried, and fixed with 3% PFA onto glass slides. Staining was performed as follows. For
fluorescent ICC, samples were rinsed (10 min × 3) in 0.1 M PBS. After blocking in 0.1M
PBS containing 10% normal goat serum for 1 h at room temperature, samples were
incubated with primary antibodies overnight at 4°C in blocking solution plus 0.1% Triton-X,
when appropriate. The following mouse monoclonal primary antibodies were used: anti-
GFAP (1:500; Millipore), anti-TuJ1 (1:1000; Covance), anti-PSA-NCAM (1:1000; AbCys,
France) and anti-EGFR (1:200; Millipore). The following polyclonal rabbit antibodies were
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used: anti-Olig2 (1:5000; kindly provided by Dr. H. Takebayashi), and anti-NG2 (1:250;
Millipore). After that, tissue sections were rinsed three times with 0.1 M PBS, incubated
with the appropriate Alexa Fluor conjugated secondary antibodies (all 1:1000; Molecular
Probes) in blocking solution for 1h at room temperature, and washed three times in PBS. O4
staining was performed with staining medium (NB-A medium + 1:200 mouse anti-O4
antibody from Millipore). Culture medium was replaced by 0.5 ml of staining medium per
well to the live unfixed cells for 30 minutes at room temperature with slow rocking. Staining
medium was replaced by 3% PFA fixative and rinsed 2 times with PBS 0.1M. ICC was then
performed as described above. Controls in which primary antibodies were omitted resulted
in no detectable staining. For imaging, a Leica SP-2 laser scanning confocal microscope was
used and optical 0.5 μm serial sections were obtained to co-localize fluorescent signals.

Quantification
Cells found in the cell culture were quantified by counting the total number of ICC-labeled
cells found in at least five cell cultures per group, under the 40X magnification objective.
Double-labeling was confirmed and quantified by matching cellular morphologies with
clearly discernible nuclei and by analyzing at least 30, randomly selected, non-overlapping
high-power fields of view. For all assays, at least five experiments per group were
performed. All quantifications were performed with a fluorescence microscope (Leica
QWin5001, Germany). All data are expressed as mean ± standard deviation. For mean
comparisons among multiple groups, we used the one-way ANOVA followed by Tukey
post-hoc test. For mean comparisons between two groups we used the Student's “t” test. In
all cases, the P < 0.05 value was chosen to establish significant differences.

RESULTS
EGF has a dose-dependent effect on proliferation and phenotype of SVZ progenitors

First, we characterized the EGFR expression in freshly dissociated cells obtained from SVZ
explants. We used GFAP to label Type-B cells (Doetsch et al. 1999), MASH-1 for transit
amplifying progenitors (Pastrana et al. 2009), doublecortin for neuroblasts (Gleeson et al.
1999) and CD24 for ependymal cells (Spassky et al. 2005). In the adult SVZ explants, 67 ±
5% of EGFR+ cells co-expressed GFAP+, 74 ± 5% co-expressed MASH-1, 2.9 ± 1% co-
expressed doublecortin and 0.8 ± 0.8% co-expressed CD24 (figure 1). This suggested that
most of the EGFR+ cells found in the explants corresponded to Type-B and Type-C cells.
To characterize the effect of different concentrations of EGF on SVZ tissue explants, we
incubated the tissue pieces in matrigel using different amounts of EGF (0, 2.5, 5, 10, 20, 50
and 100 ng/ml). Forty-eight hours later, EGF-treated explants showed cells leaving the core
and incorporating into the matrigel. To quantify the number of cells that emerged from the
explants, we fixed explants at 7 DIV. We found that the number of cells remained
practically constant at doses ≥ 20 ng/ml (figure 2A-B). The proliferation rate, evaluated by
the number of Ki67+ cells, showed a ~3.5-fold increase in the number of proliferating cells
in the groups that received 20, 50 and 100 ng/ml of EGF as compared to lower doses (0, 2.5
and 5 ng/ml; P < 0.05, ANOVA-Tukey). These findings suggest a dose dependent effect of
EGF on SVZ explants. No statistical differences were found in the number of cells among
the groups that received 20 ng/ml (933 ± 94 cells), 50 ng/ml (1070 ± 115 cells) and 100 ng/
ml (1007 ± 62 cells) of EGF.

Remarkably the migration pattern of cells leaving the explants was affected by EGF dose. At
7 DIV, we performed double ICC to typify the phenotype of migratory cells. At dose of 0
ng/ml EGF, most cells, if not all, leaving the explants expressed the neuronal marker β-III-
tubulin (as shown by TuJ1 expression), whereas GFAP-expressing cells were restricted to
the tissue explant (figure 2C). At an EGF dose of 10 ng/ml, the number of TuJ1+
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neuroblasts was reduced as the number of GFAP+ cells increased (figure 2D). At 20 ng/ml
EGF no TuJ-1 expression was observed, instead a number of GFAP+ cells were found
migrating out of the explant (figure 2E).

The above results suggest that EGF drove SVZ neuronal progenitors into a glial lineage. To
further characterize the SVZ-derived cells stimulated by EGF, we counterstained sections
for Olig2, nestin and S100β. We found that EGF induced a significant expression of Olig2
and nestin in migratory cells (figure 3A-B). Olig2+ cells proliferate in dose-dependent
pattern as shown by Olig2/Ki67 expression: 0 ng / ml (4 ± 1.4 %), 2.5 ng/ml (4.8 ± 1.6 %), 5
ng/ml (6.8 ± 2.1 %), 10 ng/ml (9.8 ± 3.4 %), 20 ng/ml (15 ± 2 %; P ≤ 0.05 as compared to 0,
2.5, 5 and 10 ng/ml), 50 ng/ml (16.8 ± 2.5 %) and 100 ng/ml (16.8 ± 2.1 %)(figure 3C).
Since no statistical differences were found among the groups 20, 50 and 100 ng/ml of EGF,
we decided to use the dose 20 ng/ml of EGF to perform the remainder of the experiments.
We then quantified the number of Olig2+ cells at 2, 3, 5, 7 and 10 DIV. The number of
Olig2+ cells increases by the effect of EGF until 7 DIV when cell counts remained relatively
constant (figure 3D). At 7 DIV, we found a ~20-fold increase in the number of Olig2+ cells
in the EGF-cultivated explants (929 ± 95 cells per culture) as compared to controls (47 ± 4
cells per culture; P < 0.001, Student's “t” test). Taken together, these data suggest that EGF
acts in a dose-dependent manner to induce the proliferation of SVZ progenitors and their
differentiation towards a glial lineage.

EGF-responding SVZ astrocytes give rise to Olig2/NG2+ migratory cells
The above results indicate that local progenitors within the SVZ respond to EGF. To
elucidate whether SVZ astrocytes (Type-B cells) are target cells that give rise to the EGF-
expanded cell population, we purified SVZ astrocytes as described in the methods section.
Using this technique, we observed that 99.2% (1364 / 1375 cells) of DAPI+ cells expressed
GFAP. To characterize the population of purified GFAP+ astrocytes, we co-stained the
cultures with antibodies against nestin, vimentin, Olig2 or EGFR. We found that of GFAP+
cells, 98.3% (857 / 872 cells) co-expressed nestin, 97.2% (830 / 854 cells) of GFAP+ cells
co-expressed vimentin, 4 % (28 / 702 cells) GFAP+ cells co-expressed Olig2 and 11% (83 /
759 cells) of GFAP+ cells co-expressed EGFR. These findings confirm that an significant
percentage of purified astrocytes express the EGFR. We then spotted purified astrocytes
onto floating filters with EGF-supplemented media (20 ng/ml) or without EGF (figure 4A).
At 3 DIV, cells were observed migrating out of the spot. At 7 DIV, this effect was more
evident and under the effect of EGF most, if not all, migratory cells were GFAP-/Olig2+
(figure 4B-E). To determine the magnitude of the EGF effect on migration at 7 DIV, we
quantified the number of cells found at different distances from 50 to 250 micrometers. We
found a sustained migratory effect on astrocyte-derived Olig2+ cells stimulated by EGF
(figure 5A). We then quantified the number of cells found out of the spot at 7 DIV. In the
control group, 73 ± 6 % of the cells were GFAP+ vs. 17 ± 4 % of the EGF group (P < 0.05).
In contrast, Olig2 and NG2 expression were more pronounced in the EGF group (86 ± 7%
and 80 ± 16%, respectively) than in the controls (11 ± 9 and 8 ± 3 %, respectively; P <
0.05). These cells did not express TuJ1 or PSA-NCAM neuronal markers. These findings
indicate that EGF-stimulated SVZ astrocytes give rise to highly migratory Olig2/NG2
progenitors.

To analyze whether astrocytes from other brain regions give rise to Olig2/NG2+ migratory
cells, we cultured and purified astrocytes from cortex and striatum, and spotted them onto
floating filters with EGF-supplemented media (20 ng/ml) or without EGF. At 3 and 7 DIV,
very few cells were observed out of the spot of cortical and striatal astrocytes. In both cases,
no statistical differences were found between the EGF group and controls (supplementary
figure 1).
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Olig2/NG2+ cells derived from SVZ astrocytes differentiate into an oligodendrocyte lineage
To elucidate the ultimate fate of the Olig2/NG2 progenitors derived from SVZ type B cells,
EGF was removed from cell cultures and the spots were analyzed 48 hours later. We found
that while the expression of Olig2 and NG2 was clearly reduced after EGF removal, a high
number of cells found outside of the spots expressed S100β (figure 6A) in both the control
(96 ± 3 % of S100β+ cells) and the group pre-exposed to EGF (92 ± 3 % of S100β+ cells).
However, in the group pre-exposed to EGF, the proportion of cells that expressed O4 (an
oligodendrocyte precursors marker) was higher (27 ± 4 %) when compared to controls (9 ±
3 %; P < 0.01) (figure 6B). Most, if not all, O4+ cells found in our cultures co-expressed
S100β+ and PDFGRα (figure 6 C-H). These data indicate that the progeny of NG2/Olig2+
cells, derived from EGF-stimulated SVZ astrocytes, differentiate into the oligodendrocyte
lineage upon EGF removal in vitro.

DISCUSSION
In this study, we show that: 1) EGF induces proliferation, promotes migration and drives
SVZ progenitors into a glial lineage in a dose-dependent manner; 2) SVZ astrocyte-derived
migratory cells express Olig2/NG2, but not neuronal markers; and 3) when the EGF
supplementation is withdrawn, Olig2/NG2 migratory cells stop migrating and give rise to
cells expressing an oligodendrocyte marker. This in vitro approach offers the possibility of
isolating specific populations of SVZ cells and monitoring the effects of EGF under
controlled conditions

EGF is one of the main regulators of SVZ cell proliferation and self-renewal (Craig et al.
1996; Doetsch et al. 1999; Kuhn et al. 1997; Morshead et al. 1994; Reynolds and Weiss
1992). EGFR signaling plays an important role in the migration of embryonic neural
precursors (Burrows et al. 1997; Caric et al. 2001; Ciccolini et al. 2005), neural stem cell
lines (Boockvar et al. 2003) and early postnatal NG2-expressing cells (Aguirre et al. 2005).
Interestingly, EGFR seems to have a negative effect on neuroblast migration (Kim et al.
2009). In the early postnatal SVZ, EGFR+/NG2- cells are transit amplifying precursors
(Type C cells) (Cesetti et al. 2009). In the adult SVZ, recent findings indicate that EGFR+
Type B astrocytes functions as neural stem cells. According to our initial characterization of
SVZ explants, the majority of these EGF-responding cells correspond to GFAP+ Type-B
cells (Doetsch et al. 1999) and MASH1+ Type-C cells (Aguirre et al. 2004), but novel
findings indicate that many of MASH1+ cells may actually be Type B cells (Pastrana et al.
2009). Our results in the matrigel assay indicate that EGF induces a dose-dependent
expansion of highly-migratory adult SVZ progenitors. These EGF-expanded progenitors are
in the glial lineage and express Olig2. Under physiological conditions, Olig2 expression in
the adult SVZ is modest (Menn et al. 2006), and only a subpopulation of Type B and Type C
cells expresses this transcription factor (Hack et al. 2005; Hack et al. 2004; Menn et al.
1998). Olig2 is essential for the generation of oligodendrocytes and motor neurons (Lu et al.
2002; Lu et al. 2000; Takebayashi et al. 2002; Zhou et al. 2001). Despite the crucial role of
Olig2 in cell-fate decisions during glial development, little is known about how Olig2 is
regulated in the adult brain. A recent study indicates that EGF is an important up-regulator
of Olig2 expression in the adult SVZ (Gonzalez-Perez et al. 2009). PDGFRα and NG2
expression has been identified in Olig2-positive oligodendrocyte progenitors (Hack et al.
2005; Liu et al. 2003). Olig2−/− knockout mice lack NG2- and PDGFRα- expressing cells
(Takebayashi et al. 2002). This suggested that the Olig2-positive cells expressing NG2
found after EGF supplementation could be committed to an oligodendrocyte lineage. For all
cultures, we used B27-supplemented medium to provide an enhanced environment for cell
division and to preserve multi-potential precursor cells in vitro (Svendsen et al. 1995).
Although we also used non-neurogenic astrocytes as controls, it is possible that the
combination of EGF plus B27 supplement had a synergistic effect on cell survival/
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proliferation, but removal of B27 supplement from media might promote differentiation of
SVZ precursors.

Growth-Factor-Reduced Matrigel™ is a solubilized basement membrane rich in
extracellular matrix proteins, such as laminin, collagen IV and heparan sulfate proteoglycans
(Kleinman et al. 1982). Spot assays preclude this bias and allow examining the effect of
EGF specifically on Type-B cells and in absence of extracellular matrix proteins. Using
purified astrocyte cultures from the adult SVZ and the spot assay, we determined that EGF
expanded-Olig2/NG2-expressing cells derive from the Type-B cells. Remarkably, we did
not find a significant effect of EGF on non-SVZ astrocytes. These data support the notion
that SVZ Type-B astrocytes actively respond to EGF (Gritti et al. 1999; Pastrana et al.
2009). However, we did not directly examine the effects of EGF on EGFR+/GFAP-
progenitors in the SVZ and thus, the relative importance of the different populations of
EGF-responsive cells in the adult SVZ could not be addressed.

We did not find cells that expressed GFAP or neuronal markers leaving the spot, which
suggests that EGF drives a glial-precursor cell lineage in SVZ Type-B cells. Developmental
studies indicate that EGF signaling has also been involved in cell fate and its overexpression
pushes cells into glial lineage at the expense of neuron formation (Burrows et al. 1997; Caric
et al. 2001; Viti et al. 2003). Olig2 expression has been associated with oligodendrocyte and
astrocyte formation in the neonatal brain (Marshall et al. 2005). Additionally, recent findings
have shown that Olig2 expressing cells can also give rise to astrocytes and ependymal cells
(Masahira et al. 2006). Therefore, we decided to analyze the cell type to which these Olig2-
positive cells give rise after EGF withdrawal. Interestingly, most of the cells found
expressed markers of pre-myelinating oligodendrocytes (Aguirre et al. 2007). The role of
EGF in adult oligodendrogenesis has been suggested in the ventral spinal cord (Chandran et
al. 1998) and the adult SVZ (Aguirre et al. 2007; Gonzalez-Perez et al. 2009). Reduced
EGFR signaling in progenitor cells of the adult SVZ attenuates the production of
oligodendrocytes (Aguirre and Gallo 2007), whereas EGFR overexpression in SVZ and
corpus callosum during early postnatal development expands oligodendrocyte population
(Aguirre et al. 2007).

Our results indicate that when EGF is removed from cell culture media, the EGF-expanded
cells give rise to S100β+ cells. These results support the possible role of Olig2 in astrocytic
and oligodendroglial lineages as suggested in neonatal brain (Marshall et al. 2005).
Although S100β has usually been associated with the astrocytic lineage, recent evidence
suggests that S100β plays a role in oligodendroglial lineage and modulates oligodendrocyte
maturation (Deloulme et al. 2004; Hachem et al. 2005). Therefore, a significant proportion
of the S100β+ cells, found after EGF withdrawn, may correspond to oligodendrocyte
precursors. Our data indicate that approximately one third of the S100β+ cells co-expressed
O4 and PDGFRα, and thus were considered to be in the oligodendrocyte lineage (Danesin et
al. 2006; Sugimori et al. 2007; Sugimori et al. 2008). O-antigens are expressed by
oligodendrocytes during differentiation; in particular, O4 is expressed in pro-
oligodendrocytes and is a marker for mature oligodendrocytes types I and II (Gard and
Pfeiffer 1990; Reynolds and Hardy 1997). Our findings suggest that a subset of the Olig2/
NG2-expressing cells derived from SVZ astrocytes give rise to cells in the oligodendrocyte
lineage. Previous studies suggested that oligodendrocyte production strongly depends on
EGFR signaling level (Aguirre and Gallo 2007). Thus, EGF-responsive progenitor cells in
the SVZ may contribute to the repair of demyelinating lesions (Gonzalez-Perez et al. 2009;
Menn et al. 2006; Nait-Oumesmar et al. 1999; Petratos et al. 2004; Picard-Riera et al. 2002).
The present work indicates that EGF can promote the production of oligodendrocyte
precursors derived from SVZ astrocytes.
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In summary, our results indicate that EGF has a dose-dependent effect on adult SVZ
astrocytes. The progeny of these multipotent astrocytes give rise to a high proportion of
Olig2 progenitors that are driven into the oligodendrocyte lineage. The possibility of
amplifying the population of mature oligodendrocytes derived from the adult SVZ may have
important implications for cell replacement therapies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. EGFR expression in adult SVZ explants
SVZ cell freshly dissociated and immunostained with antibodies anti-GFAP and MASH-1.
Quantitative analysis indicates that the majority of EGFR+ cells in the SVZ co-express
GFAP and MASH1 as compared to doublecortin (DCX) and CD-24. Scale bar = 5 μm.
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Figure 2. Effect of EGF on SVZ tissue explants
A. Schematic drawing illustrating the matrigel assay. 200-μm SVZ tissue pieces were
immersed into solidified matrigel and covered by neurobasal medium.
B. Histogram of the number of DAPI+ cells found at 7 DIV after exposure to different doses
of EGF. (*) indicates differences between groups 20, 50 and 100 ng/ml EGF vs. the low-
dose groups; (**) indicates significant differences between the 10 ng/ml group vs. the
groups treated with lower doses of EGF. P < 0.05; ANOVA-Tukey. No differences were
found among the groups of 20, 50 and 100 ng/ml.
C - E. SVZ tissue explants at 7 DIV stained for astrocytes (GFAP in green) and neuroblasts
(Tuj1 in red). EGF induced an increase in the number of GFAP+ cells associated with a
reduction in the number of Tuj1+ cells (insets). Scale bar (C and D) = 20 μm and 10 μm (in
E). DAPI-counterstained nuclei are in blue.
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Figure 3. Olig2 expression on SVZ tissue explants at 7 DIV
A - B. Nestin (red) and Olig2 (blue) expression in SVZ explants treated with or without EGF
for 7 days.
C. Cell proliferation of Olig2+ cells shows a dose-dependent effect of EGF as determined by
Ki67 co-expression. (*) indicates differences between groups 20, 50 and 100 ng/ml EGF vs.
the low-dose groups. P < 0.05, ANOVA-Tukey. No differences were found among the
groups of 20, 50 and 100 ng/ml.
D. Absolute number of Olig2+ cells found at different time points at 20 ng/ml dose EGF.
Statistically significant differences were found from the 3 DIV (asterisks indicate P < 0.01;
Student's “t” test). Scale bars = 25 μm.
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Figure 4. Effect of EGF on SVZ purified astrocytes
A. Schematic drawing illustrating the spot assay. GFAP+ astrocytes were spotted onto
polycarbonate filters to evaluate the effect of EGF on marker expression and cell migration.
B - E. At 7 DIV, many GFAP-negative (red) cells migrating out of the core of the spot were
observed in the EGF-treated group. Most, if not all, of these migratory cells expressed Olig2
(green) transcription factor. Magnifications: x4 (in B and C) and x20 (in D and E). Nuclei
were counterstained with DAPI (blue). Bars in B - C = 25 μm; D - E = 10 μm.

Gonzalez-Perez and Quiñones-Hinojosa Page 14

Glia. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. Cell migration and marker expression induced by EGF
A. Quantification of the number of DAPI+ cells found at 7 DIV. In the EGF-treated group
many cells were found far away from the core of the spot.
B. In the EGF group (20 ng/ml), the cells observed out of the spots predominantly expressed
Olig2 and NG2 markers, whereas in the control group most of the cells were GFAP+
astrocytes. Asterisks indicate P < 0.01; Student's “t” test.
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Figure 6. Phenotype of cells derived from SVZ astrocytes upon EGF removal
A. 48 h after EGF withdrawal, most of the cells showed expanded processes and S100β
expression (red).
B. Interestingly, ~30% of cells found after EGF stimulation expressed the oligodendrocyte
marker O4. (*) indicates significant differences between the EGF-pretreated group vs. the
control group (P < 0.05, Student's “t” test).
C - E. S100β+ (red) / O4+ (green) cells found in the EGF-pretreated spots. O4+ cells also
expressed PDGFRα (F –H). DAPI-counterstained nuclei are in blue. Scale bar in A = 20
μm; in E and H = 10. μm.
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