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ABSTRACT

The process of cortical expansion in the central nerv-
ous system is a key step of mammalian brain devel-
opment to ensure its physiological function. Radial glial
(RG) cells are a glial cell type contributing to this pro-
gress as intermediate neural progenitor cells responsi-
ble for an increase in the number of cortical neurons. In
this review, we discuss the current understanding of
RG cells during neurogenesis and provide further in-
formation on the mechanisms of neurodevelopmental
diseases and stem cell-related brain tumorigenesis.
Knowledge of neuronal stem cell and relative diseases
will bridge benchmark research through translational
studies to clinical therapeutic treatments of these dis-
eases.

KEYWORDS radial glial cell, neuronal stem cell, tumori-
genesis, glioma

INTRODUCTION

One of the major features of mammalian brain evolution is
cortical expansion. The volume of the human brain is larger
than any other primate and is disproportionate with body size.
Understanding how the human cerebral cortex develops to its
complicated state and identification of neural stem cells and
progenitor cells, as well as the lineages they produce, are
keys to ascertaining how the enormous diversity of cell types
is produced in the brain. This information will provide further
understanding of the mechanisms of neurodevelopmental
diseases and stem cell-related tumorigenesis. In the past
century, neurons were thought to be derived from neuroblasts
where radial glial (RG) cells were the precursor cells of as-

trocytes. However, in the past 20 years, studies have sug-
gested that RG cells are only responsible for a small popula-
tion of astrocytes. More importantly, RG cells serve as neural
stem cells/neural precursor cells for neuron genesis during
development.

RADIAL GLIAL CELLS

Over the last two decades, a great amount of information on
brain development and disease has been produced. In this
review, we summarize the progress on neuronal stem cell
and brain tumor studies, which will hopefully help the readers
obtain the whole picture of brain developmental research in
the past two decades. Alvarez-Buylla et al. first reported the
possible neural progenitor based on the finding of
vimentin-positive radial cells in the songbird ventricular zone
(VZ) (Alvarez-Buylla et al., 1990). Lineage analysis using
retroviruses in chick and rodent telencephalons identified
clones containing single RG cells and multiple neurons,
suggesting that radial glia and neurons are clonally related
cells (Gray and Sanes, 1992; Halliday and Cepko, 1992).
Subsequently, with both in vivo and in vitro methods, RG cells
have been proven to be neural precursors. RG cells have
been traditionally characterized by their characteristic bipolar
morphology and by their contact with both ventricular and pial
surfaces. Whole-cell patch-clamp recordings with single-cell
dye labeling have revealed the morphology and measured
the membrane properties of randomly chosen cells in contact
with the ventricular surface, suggesting that cells with the
characteristic morphological features of RG cells have the
physiological features of precursor cells (LoTurco et al., 1991,
Noctor et al., 2002). Similarly, the application of Dil or fluo-
rescent microbeads to the pial surface of developing neo-
cortex labels mitotically active VZ cells with distinct RG mor-
phology (Malatesta et al., 2000; Miyata et al., 2001), and has
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demonstrated that these cells constitute more than 90% of
mitotically active cells in the VZ (Noctor et al., 2002, 2004).
Through lineage studies using retroviruses in chick and
rodent telencephalons, radial glia and neurons are suggested
to be lineally related (Gray and Sanes, 1992; Halliday and
Cepko, 1992), whereas solid studies have confirmed that
rodent RG cells act as neural precursor cells (Malatesta et al.,
2000; Miyata et al., 2001; Noctor et al., 2001, 2004;
Tamamaki et al., 2001). The vast majority of dividing cells in
the neocortical VZ, either in the S-phase or in the M-phase,
express RG markers. Together with the observation that RG
cells are the only mitotic cells in radial clones consisting of
neurons and radial glia, this finding confirms that radial glia
generates neurons in vivo. Furthermore, this cell type may
represent the predominant neural precursor within the VZ of
the developing neocortex (Malatesta et al., 2000; Miyata et al.,
2001; Noctor et al., 2001, 2004; Tamamaki et al., 2001).

RG cell division in neocortical development

Mitotic figures have been observed in subventricular zone
(SVZ) for over a century. However, the types of cells under-
going mitosis are still unclear. Recent studies indicate that
throughout most of neurogenesis, other than an active role in
VZ, RG cells also divide to populate the embryonic SVZ
(Haubensak et al., 2004; Miyata et al., 2004; Noctor et al.,
2004, 2007b). RG cells usually undergo asymmetric cell divi-
sion to yield a new RG cell and a neuron or an intermediate
neural progenitor cell (IPC) (Fig. 1) (Haubensak et al., 2004;
Noctor et al., 2004, 2007b). IPC then divides symmetrically to
generate two neurons or two additional IPCs (Wu and Cepko,
1993; Haubensak et al., 2004; Miyata et al., 2004; Noctor et
al., 2004, 2007a). Therefore, embryonic SVZ is increasingly
considered as a major site of neurogenesis, whereas sym-
metric division is recognized to transit amplifying division
(Miyata et al., 2001, 2004; Tarabykin et al., 2001; Smart et al.,
2002; Nieto et al., 2004; Noctor et al., 2004, 2007b; Zimmer
et al., 2004; Martinez-Cerdefio et al., 2006).

During mitosis, several studies have illustrated that RG
cells remain in place without retraction from the pial surface
throughout the whole cell cycle (Miyata et al., 2001; Noctor et
al., 2001, 2002; Tamamaki et al., 2001; Weissman et al.,
2004). Within the radial fiber of RG cells, the cytoplasm
climbs toward the cell body with varicosities showing at in-
tervals along the attenuated fiber (Miyata et al., 2001; Noctor
et al., 2001, 2002; Tamamaki et al., 2001; Weissman et al.,
2004). In addition to generating neurons, RG cells supply the
fibers for neuronal migration (Rakic, 1978). Both in vivo and
in vitro evidence has demonstrated that daughter neurons
migrate along the pial fibers of mother RG cells out of the VZ,
and many of these cells maintain an association with the
parental fiber as they migrate to the cortical plate. The num-
ber of genes has been discovered to be related with neuronal
migration (Kriegstein and Goétz, 2003; Cooper, 2008), includ-

Symmetric
division
[
Asymmetric OR
division
. \\ ® RG cell
% IP cell
k Neuron
[}

Figure 1. Radial glial (RG) cell division in neurogenesis.
During neurogenesis, RG cells divide asymmetrically in two
ways: producing an RG cell and a neuron or generating an RG
cell and an intermediate neural progenitor cell (IPC), which un-
dergo symmetrical divisions to produce two neurons, thereby
increasing cell population in embryonic subventricular zone.

ing CDKS5 and its subunits, microtubule-associated proteins,
and centrosome proteins, such as Lis1 (Niethammer et al.,
2000). Alternatively, different classes of cortical neurons may
use different mechanisms to migrate to the cortical plate.
Most, if not all, cortical neurons in the SVZ or intermediate
zone have been recently shown to pause during their migra-
tion and exhibit a multipolar morphology. During the multipo-
lar phase, cortical neurons do not contact either the pial or the
ventricular surface. After a day or more, the cortical neurons
assume a bipolar morphology and resume radial migration
toward the cortical plate (Noctor et al., 2004). Once neurons
migrate into the cortical plate, they utilize two modes of neu-
ronal migration: soma translocation and locomotion. Locomo-
tion or glia-dependent locomotion is a salutatory behavior
where the cell extends a leading process, moves its nucleus
forward, retracts the rear, and then repeats the cycle. At-
tachments to the radial glia involve the gap junction (Elias et
al., 2007). Centrosome and myosin are important for locomo-
tion (Umeshima et al., 2007). Somal translocation is much
faster compared with locomotion. The leading process, an-
choring in the pial surface during the process of somal trans-
location, shortens as the cell soma moves rapidly upward
(Umeshima et al., 2007).

Notch signaling has been demonstrated as a critical
regulator of RG cells and IPC proliferation. IPC and migrating
neurons activate Notch in RG cells via expressing mind
bomb-1 (mib1) (Yoon et al., 2008), suggesting that IPC and
daughter neurons may maintain RG proliferation ability
through Notch signal activation by contacting RG radial fibers
during migration. Interestingly, some studies have indicated
that the proliferation of RG cells and IPC may be regulated by
different Notch signal transductions. Proliferating signals in RG
cells, but not in IPC, are activated by the canonical Notch effec-
tor C-promoter binding factor 1 (CBF1) (Mizutani et al., 2007).
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Prior to the formation of a distinct SVZ, IPCs are also ob-
served within the VZ or in the predominant site of neuro-
genesis, mixed with RG cells (Noctor et al., 2007b). This
observation has answered the question regarding the kind of
non-RG cells that undergo mitosis in the developing embry-
onic VZ (Levitt and Rakic, 1980; Gal et al., 2006). Unlike RG
cells which undergo asymmetrical division during the peak of
neurogenesis, IPCs divide symmetrically to generate two
neurons or to produce two daughter IPCs (Wu and Cepko,
1993; Haubensak et al., 2004; Miyata et al., 2004; Noctor et
al., 2004, 2007a). In rodents, the majority of symmetric divi-
sions of IPC produce neurons, whereas only approximately
10% of the divisions end with new IPCs (Haubensak et al.,
2004; Noctor et al., 2004). In other species, IPC may exist in
the outer SVZ of the fetal primate brains where large num-
bers of mitotic cells contribute to the cortical expansion in
primates (Kriegstein et al., 2006). Hence, the evidence above
indicates that RG cells serving as neuronal stem/precursor
cells play a critical role in the cortical expansion during brain
development in mammals.

Neuronal lineage of RG cells

The cerebral cortex is a six-layered structure consisting of
two broad cases of neurons: excitatory neurons and inhibitory
interneurons. Excitatory neurons are neocortical projection
neurons that send axons to other brain regions and commu-
nicate via the excitatory neurotransmitter glutamate. Most
inhibitory neurons are organized into local circuits and use
y-aminobutyric acid (GABA) as a neurotransmitter. Previously,
both pyramidal and inhibitory neurons have been believed to
originate from the same progenitor (Price and Thurlow, 1988).
However, more studies in retroviral infections (Luskin et al.,
1993) and immunohistochemistry (Mione et al., 1994) have
indicated only one cell type in the same clones and that py-
ramidal neurons and interneurons emerge from separate
precursors. GABAerg interneurons are generated in the gan-
glionic eminence, particularly the medial ganglionic eminence,
and tangentially migrate into the developing neocortex
(Anderson et al., 1997; Tamamaki et al., 2001). In summary,
RG cells generate glutamatergic principal neurons in the
neocortical VZ, whereas a majority of GABAergic interneu-
rons are generated in the ganglionic eminence and tangen-
tially migrate into the cortex.

RG CELLS AND NEURODEVELOPMENTAL
DISEASES

Autosomal recessive primary microcephaly (MCPH)

MCPH is a neurodevelopmental disease characterized by a
decrease in brain volume with normal brain architecture.
Patients experience neurological and psychiatric symptoms,
including seizures, mental retardation, delayed motor and
speech function, hyperactivity, attention deficit, and balance

and coordination difficulties (Kaindl et al., 2010). Recent
studies have demonstrated that mutations of centrosomal
proteins are related to MCPH, such as microcephalin
(MCPH?1) (Jackson et al., 1998, 2002) centromere-associated
protein J (Cenpj) (Bond et al., 2005), abnormal spindle-like
microcephaly-associated protein (ASPM) (Pattison et al.,
2000), cyclin-dependent kinase 5 regulatory-associated pro-
tein 2 (Cdk5rap2) (Bond et al., 2005), and the pericentriolar
gene STIL (Kumar et al., 2009), leading to defects in neuro-
genesis. In the mouse brain, Cdk5rap2 is highly expressed in
the neural progenitor pool, which accounts for the depletion of
RG cells and the increase of cell cycle exit, resulting in pre-
mature neuronal differentiation (Megraw et al., 2011).
Cdk5rap2 has recently been shown to stimulate microtubule
nucleation (Choi et al., 2010) and regulate centriole replica-
tion (Barrera et al., 2010) via a tight link to pericentrin
(Buchman et al., 2010). In mouse models, ASPM has been
shown to be involved in maintaining symmetric divisions of
RG cells and in completing cytokinesis (Kouprina et al., 2005;
Higgins et al., 2010). Mutation in Nde1, a centrosomal gene,
is the cause of a disease called microlissencephaly, which is
characterized by extreme microcephaly and grossly simplified
cortical gyral structure (Alkuraya et al., 2011). In mice with
Nde1 knocking out, RG cells exhibit dramatic defects in mi-
totic progression, orientation, and chromosome localization,
as well as neuronal cell fate determination. Detections of loss
of human Nde1 are used as risk factors for microcephaly,
mental retardation, and epilepsy (Ghannad, 2011).

Lissencephaly

Lissencephaly, another neurodevelopmental disease char-
acterized by lack of development of brain gyri and sulci in
embryo gestation, causes severe neurological impairment in
newborn infants and death within several months of birth
(Bauman, 1987; Dobyns, 1987). One of the known lissen-
cephaly-related genes is Lis1, whose mutation causes lis-
sencephaly in the human brain. In rodents, knockdown of
Lis1 results in the arrest of centrosomal and nuclear move-
ments during neuronal migration and the disruption of
basal-to-apical interkinetic nuclear migration (INM). Further-
more, tubulin-related defects seem to be associated to neu-
rodevelopmental disorder pathogenesis. Mutations in alpha
and beta tubulins, required for microtubule polymerization for
motor protein binding, can cause severe lissencephaly and
microcephaly in human patients (Tischfield et al., 2011).

RG CELLS AND GLIOMAS

Glioma, the most common brain tumor, is one of the most
lethal human cancers in adults. Some of the cases are
thought to have potentially originated from the SVZ in the
brain, where neural stem cells and neural progenitor cells are
abundant (Sutton et al., 1992; Tohyama et al., 1992; Alva-
rez-Buylla and Garcia-Verdugo, 2002). In animal models, the
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regions of the brain with proliferating cells, such as stem cell
or progenitor cell populations, are more sensitive to onco-
genic inducers than the areas with inactive proliferating cells
(Hopewell, 1975; Vick et al., 1977). By contrast, mature
mouse astrocytes are less susceptible to be transformed in
vivo unless they are undifferentiated via platelet-derived
growth  factor (PDGF) expression or  Inkd4a-Arf
down-regulation (Bachoo et al., 2002; Uhrbom et al., 2002).
This finding indicates that undifferentiated stem cells and
progenitor cells in the central nervous system (CNS) have
high potential for malignant transformation. Current studies
have shown evidence that adult rat stem cells from SVZ are
transformed into tumorigenic cell lines after expansion in vitro
(Siebzehnrubl et al., 2009). As proliferating neuronal precur-
sor cells, RG cells can thus be a source of cancer stem cells
in the brain.

Molecular markers of glioma stem cells

Glioma stem cells (GSC) are characterized by self-renewal,
multipotent, and tumorigenic properties in the glioma. GSC
have been shown to express Nestin, a classic neural stem
cell marker and the surface marker cluster of differentiation
(CD) 133 (also known as prominin 1), which are nowadays
used as clinical prognosis molecules for glioma (Lendahl et
al., 1990; Ignatova et al., 2002; Singh et al., 2003; Singh et al.,
2004; Yuan et al., 2004; Zhang et al., 2008). However, recent
results suggest that CD133 expression may not be a reliable
marker for the tumorigenic ability of stem cells in the brain. In
the conditional knockout of the CD133 animal model, glioma
can be formed from the cell population without CD133 ex-
pression (Nishide et al., 2009). In addition, both CD133-po-
sitive and CD133-negative human glioma-derived stem cell
clones exhibit tumor formation ability (Chen et al., 2010).
Some embryonic stem cell markers associated with glioma
identification and aggressiveness, such as Oct4, Nanog, and
Sox2, have been used for the guidance of glioma therapeutic
selection (Ben-Porath et al., 2008; Holmberg et al., 2011;
Shats et al., 2011). Interestingly, Nanog expression corre-
lates with the ability of GSC formation and the malignancy of
glioma clinical samples (Zbinden et al., 2010; Niu et al., 2011).

Therapeutic approaches to glioma

Due to the blood-brain barrier, the drug delivery efficacy of
current therapies for glioma is poor. One method for improv-
ing the approaches and efficacy of brain tumor treatments is
the study of the property and specificity of GSC. In the fol-
lowing paragraphs, we discuss current knowledge of GSC
and related therapies.

DNA repair pathways and glioma therapies

Classical and standard treatments of glioma nowadays are

surgical removal, ionizing radiation (IR), and temozolomide
(TMZ). However, GSC are resistant to IR and TMZ treat-
ments due to the dysregulation in DNA repair pathways.
Among CD133-positive GSC, DNA repair is more efficient
and leads to an increase of CD133-positive cells in the tumor
after IR treatment (Bao et al., 2006a; Tamura et al., 2010).
DNA checkpoint kinases, Chk1 and Chk2, which play essen-
tial roles in DNA repair, are highly activated during IR in
CD133-positive GSC. The inhibition of Chk1 and Chk2 sig-
nificantly increases GSC radio-sensitivity (Bao et al., 2006a).
Further studies have illustrated that the knockdown of some
other DNA repair-related genes, such as L1CAM, NBS-1, and
Bim1, reduces GSC radioresistance (Facchino et al., 2010;
Cheng et al., 2011), suggesting that hyper-active DNA repair
pathways make radiotherapy less effective in the clinical
treatment of gliomas.

Other than radioresistance induction, the DNA repair
pathway also plays a role in chemoresistance in glioma
therapies. The methylation status of O6-methylguanine-DNA-
methyltransferase (MGMT), a DNA repair enzyme, is highly
correlated with the efficiency of TMZ treatment in glioma pa-
tients whose methylated (epigenetically silenced) form of this
gene is more sensitive to TMZ than the ones with active
MGMT (Hegi et al., 2005; Liu et al., 2006).

Growth factors as glioma treatment targets

Decades of research demonstrate that the epidermal growth
factor (EGF) signaling pathway plays an important role in
neural stem cell regulation and tumorigenesis. The activation
of EGFR triggers classic PI3K-Akt or Ras-MAPK signals, thus
regulating cell proliferation and migration (Wells et al., 2002).
EGFR activation promotes cell growth of astrocyte precursors
and neural stem cells (Reynolds et al., 1992; Seidman et al.,
1997; Kornblum et al., 1998). In high-grade astrocytomas, the
most common type of glioma, approximately 50% of cases
exhibit EGFR amplification, and this activation appears criti-
cal in the transformation process (Maher et al., 2001;
Wechsler-Reya and Scott, 2001). However, in animal models,
only EGFR mutation is not sufficient for tumor generation.
Genetic mouse models require a minimum of three lesions, a
mutant EGFR, and deletions of both p16 and PTEN to allow
gliomagenic transformation (Zhu et al., 2009). The inhibition
of EGFR signals by EGFR inhibitors erlotinib and gefitinib
(two known anti-cancer drugs) blocks GSC proliferation and
induces apoptosis. However, the sensitivity of GSC to these
inhibitors is correlated with PTEN expression and Akt inhibi-
tion (Soeda et al., 2008; Griffero et al., 2009). Further studies
on Akt signaling pathways, a downstream effector of EGFR,
have suggested that CD133-positive GSC most likely activate
Akt signals which are sensitive to phosphatidylinositol ether
lipid analog (AKTIII). This molecule suppresses GSC prolif-
eration and induces apoptosis, as well as reduces cell motility
and invasiveness by inhibiting Akt signaling pathways (Eyler
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et al., 2008). Another Akt inhibitor, perifosine, is undergoing
clinical trials of glioma treatments.

Angiogenesis is a key process for tumors to form new
blood vessels during tumorigenesis. Co-implantation of GSC
along with endothelial cells accelerates the initiation and
growth of brain tumors in vivo (Calabrese et al., 2007), sug-
gesting that angiogenesis is critical for glioma development.
High expression of vascular endothelial growth factor (VEGF)
is positively associated with grades of astrocytoma (Plate et
al., 1992; Ferrara, 2004; Mizukami et al., 2007). In addition,
Bao et al. showed that tumors originating from CD133-posi-
tive GSC are more vascular via the activation of VEGF sig-
nals (Bao et al., 2006b). Bevacizumab, an inhibitor of VEGF,
has been tested in glioma treatment trials. Early laboratory
data have indicated that bevacizumab reduces tumor size
and decreases the number of CD133-positive GSC by af-
fecting endothelial cells and depleting tumor vasculature (Bao
et al.,, 2006b; Calabrese et al.,, 2007). Other than VEGF,
PDGF is another essential regulating factor in glioma tu-
morigenesis. PDGF signals block the differentiation of neural
stem cells and neural progenitor cells, thus inducing
low-grade gliomas in vivo (Uhrbom et al., 1998; Dai et al.,
2001). More evidence of retrovirally transfecting brain stem
astrocytes with PDGF resulting in invasive gliomas suggests
that PDGF is a key regulator in brain tumorigenesis (Assanah
et al., 2006; Masui et al., 2010). Vatalanib, a tyrosine kinase
inhibitor targeting VEGFR, PDGFR, and c-Kit, has been
studied in phase /Il clinical trials in recurrent glioma patients
and in combination with other anti-cancer drugs. However,
the efficacy is limited in these studies. More recently, vata-
lanib in combination with the PDGFR inhibitors, imatinib and
hydroxyurea, has exhibited a better response rate in glioma
patients (Reardon et al., 2009), indicating that anti-angio-
genesis is a promising target for glioma therapies.

Notch signaling pathways and potential therapeutic
approaches

As a conservative neuronal developmental signaling pathway,
Notch plays a critical role in neural stem cell maintenance
(Corbin et al., 2008). With the theory that tumors originate
from stem cells, the Notch signaling pathway has been re-
cently studied in the aspect of its relevance in glioma forma-
tion. Down-regulation of Notch-1 or blocking signals by inhibi-
tion of ligand binding in glioma cells results in reduced cell
proliferation and increased cell death in vitro, as well as pro-
longed survival time of mice in vivo (Purow et al., 2005). In
addition, Notch inhibition leads to a decrease of CD133-
positive GSC population and an increase in radiosensitivity in
vivo (Fan et al., 2010; Lin et al., 2010). Other than its role in
GSC, Notch is also a key regulator of tumor angiogenesis.
The delta-like ligand (DIl) 4, expressed in endothelial cells, is
critical for vascular development (Benedito and Duarte, 2005).
Using the neutralizing antibodies of Dll4 in glioma leads to an

increase of the dysfunctional vascular system (Noguera-
Troise et al., 2006; Ridgway et al., 2006), resulting in poor
tumor perfusion, poor oxygenation, and reduced tumor
growth. Due to the essential role of Notch signaling in glioma
progression, gamma-secretase inhibitors (GSI), which block
Notch activation by transcriptional regulation, can be consid-
ered as good candidates for glioma therapeutic drugs (Miele
et al., 2006; Gordon et al., 2008; Kovall, 2008).

Other therapeutic concerns and unconventional potential
therapy methods in glioma

Normal neural stem cells and GSC share similar cell markers
and physiological properties, so traditional treatments, such
as radiotherapy and chemotherapy, damage normal NSC
while killing GSC. Therefore, investigating the different char-
acteristics of these two populations is key to opening an
avenue to explore more effective therapies for glioma pa-
tients. Array-based genome, transcriptome, or proteome can
be powerful tools for the study and comparison of these dif-
ferent stem cell types.

Another way to specifically target tumor/GSC other than
normal NSC is utilizing delivery vehicles to transport thera-
peutic agents to the designated area. Neural stem cells are
known to be able to migrate to the injury and tumor mass.
Studies have shown that exogenous murine embryonic neu-
ral stem cells or endogenous neural stem cells have capabili-
ties to move toward xenografted tumor in vivo in murine
models (Glass et al., 2005; Mapara et al., 2007). Hence, this
homing ability of NSC may make these cells available as
shuttles to transport therapeutic agents, such as cytokines,
peptides, and so on. Due to the inaccessibility of autologous
neural stem cells in practice, other autologous stem cells,
such as mesenchymal stem cells (MSC) or iPSC, can also be
considered as sources. These cells are easy to be obtained
from many tissues and can be reprogrammed and expanded
efficiently in vitro. However, the caveat for this methodology is
that stem cells can be tumorigenic, and this transformation
can happen spontaneously, which may cause a worse dis-
ease condition (Birnbaum et al., 2007).

SUMMARY

RG cells can be found in the earliest stages of CNS devel-
opment and play an important role in cortical expansion. RG
cells have a unique morphology with a periventricular cell
body that extends to the pial surface. RG cells recently have
been identified as neural precursor cells which divide asym-
metrically to self-renew and produce IPC or a neuron during
the period of peak neurogenesis. Unlike RG cells, IPC un-
dergo symmetrical divisions to produce two neurons or two
additional IPCs to populate the embryonic SVZ. In neuro-
genesis, RG cells typically generate glutamatergic principal
neurons in the neocortical VZ, whereas a majority of
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GABAergic interneurons are generated in the ganglionic
eminence and tangentially migrate into the cortex. After cor-
tical neurogenesis is complete in the VZ, RG cells transform
into astrocytes. This biological understanding of RG cell be-
havior benefits pathogenic studies of RG cell-related dis-
eases. We have discussed neurodevelopmental disorders
and brain tumors in this review. Lissencephaly and micro-
cephaly are associated with RG cell division defects caused
by centrosomal or microtubule protein dysregulation. In
glioma studies, the microenvironment of GSC plays a role in
glioma tumorigenesis. DNA repair mechanisms, growth fac-
tors (EGF, VEGF, and PDGF), and Notch signaling pathways
are all involved in regulating neural stem cells and neural
progenitor cell proliferation and differentiation, leading to
glioma pathogenesis. Future studies on understanding the
regulation of RG cell division, differentiation, and migration in
CNS development will not only answer basic biological ques-
tions, but also provide information on the mechanisms of
related disorders. With these findings, neural stem/progenitor
cell can be utilized as a new source for disease therapies.
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