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T
he discovery of neural stem
cells (NSCs) in the adult mam-
malian central nervous system
(CNS) has dramatically

changed our view on the regenerative
capacity of this organ (1, 2). We now
realize that the adult brain, including
humans, retains the ability to replenish
its cellular constituents, neurons and
glia, although the extent is very limited
compared with lower vertebrates (2).
Cell turnover driven by NSCs has been
implicated in higher brain functions such
as learning and memory (3). Adult
NSCs have also been shown to partici-
pate in neuronal cell replacement after
injury, raising the possibility of stem
cell-based therapy for neurological dis-
orders (4). Despite extensive studies in
the past decade, one fundamental ques-
tion remains unanswered: What is the
identity of NSCs? In 1999, two groups
reported apparently contradictory re-
sults: Johansson et al. (5) provided
evidence that ependymal cells, which
constitute a ciliated single-cell-thick epi-
thelial layer lining the lateral ventricle
(LV), retain the characteristics of NSCs
(Fig. 1A). In contrast, Doetsch et al. (6)
identified glial fibrillary acidic protein
(GFAP)-positive astrocyte-like cells,
which reside in a region beneath the
ependymal layer called the subependy-
mal layer or subventricular zone (SVZ),
as NSCs. Although these two results
were not necessarily mutually exclusive,
they sparked a debate that has been on-
going ever since. For better understand-
ing of the basic biology of NSCs and
their future successful use for therapy,
reconciliation of this long-debated issue
is awaited. The work of Coskun et al.
(7) in this issue of PNAS addressed
this question by using new tools and
approaches.

New Evidence for Ependymal Stem Cells
In their new study, Coskun et al. (7)
first show that the cell-surface molecule
CD133/prominin1, which has increas-
ingly been recognized as a common
marker for various stem cell populations
in adult tissues/organs (8), is specifically
expressed in a subpopulation of ependy-
mal cells. Importantly, they did not de-
tect CD133 expression in GFAP� cells
in the SVZ. They also show that
CD133� ependymal cells are mostly qui-
escent, but can divide in situ under the
condition in which actively dividing cells
in the adjacent SVZ are killed off. Next,

they used in vitro culture to demonstrate
that CD133� cells exhibit the canonical
features of NSCs, i.e., self-renewal and
multipotency. Interestingly, the stem cell
activity resided in a CD133�/CD24�

subfraction, but not in CD133�/CD24�

or CD133�/CD24� cell fraction, the ma-
jor cell population in the ependymal
layer. To examine the capacity of
CD133� cells as stem cells in vivo,
Coskun et al. took two strategies: trans-
plantation of CD133� cells into the
brain and fate mapping of CD133� cells
in situ by transfection-mediated selective
expression of Cre recombinase in the
brains of ROSA26-lacZ reporter mice.
In both experiments, CD133� cells gen-
erated progenies that were expected to
originate from NSCs. From these re-
sults, Coskun et al. conclude that
CD133� ependymal cells represent a
quiescent NSC population in the adult
brain.

Two Adjacent Stem Cell Populations?
This study by Coskun et al. (7) has
added a new spin, rather than the ulti-
mate answer, to the issue of ependymal
and subependymal origins of NSCs.
Identification of NSCs has been a diffi-
cult task for several reasons. First, NSCs
are very rare in the adult brain, and no
single molecular marker, including
CD133 and GFAP, can unambiguously
define them in situ. Second, because
stem cells are a functional entity, the

proof of their identity needs demonstra-
tion of their properties as stem cells
(self-renewal and multipotency). Unlike
other organs/tissues such as the hemato-
poietic system, however, no reliable in
vivo assay of the stemness of NSCs at
the single-cell level is available at
present. Therefore, identification of
NSCs has heavily relied on in vitro cul-
ture (5–7). An inherent problem of
culture experiments is that a subtle dif-
ference in conditions may result in suc-
cessful growth of one type of stem cells,
but not others. In fact, a widely used
method called neurosphere culture sup-
ports clonal growth of SVZ-derived
NSCs, but not those from another well
known NSC site, the hippocampal den-
tate gyrus (DG) (9, 10). Many other
lines of evidence, however, support the
idea that NSCs reside in the DG (2).
Because negative data obtained under
certain experimental conditions do not
necessarily disprove the positive results
obtained in other conditions, it seems
reasonable to consider that cells with
the characteristics of NSCs reside in
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Fig. 1. Cytoarchitecture of the ventricular wall of the adult rodent brain. The topological relationship
between the ependymal layer and SVZ (A) and cell types known to reside in these regions (B) are
schematically depicted (modified from a figure kindly provided by Yi Sun and Volkan Coskun of ref. 7). CC,
corpus callosum; CTX, cerebral cortex; OB, olfactory bulb; STR, striatum.
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both the ependymal layer and SVZ, but
their properties are somehow distinct.

This view, however, raises several new
questions. First, what is the relationship
between these two stem cell popula-
tions? Although Coskun et al. (7) imply
that SVZ stem cells may be downstream
of ependymal stem cells, their lineage
relationship is currently unknown. They
may constitute independent stem cell
compartments, as is the case for the
skin where multiple types of stem cells
coexist (11). The answer to this question
must await unambiguous in vivo fate
mapping studies of each cell type. Sec-
ond, what is the true identity of NSCs in
each stem cell compartment? Evidence
has shown that only a small subpopula-
tion (�10%) of GFAP� cells in the
SVZ and CD133� ependymal cells ex-
hibit the properties of NSCs in vitro (6,
7). More markers are necessary to de-
fine them in situ. Alternatively, if differ-
ent populations of NSCs do coexist, no
fixed set of markers may define the
stemness of NSCs.

Another important question is to what
extent each of these stem cell popula-
tions contributes to the production of
new neurons (neurogenesis) in the adult
brain. Although SVZ stem cells are
slowly dividing cells, they are thought
to produce more actively dividing inter-
mediate progenitors called transient-
amplifying cells, thereby serving as a
founder of a large number of new neu-
rons (6) (Fig. 1B). In contrast, ependy-
mal cells are believed to either not
divide or divide at a negligible rate in
the intact brain (5, 7), so it is unlikely
that they serve as a major contributor to
neurogenesis. They could be, however,
the founder of SVZ stem cells through a
very rare cell division as Coskun et al.
(7) suggest. Alternatively, they may only
participate in neurogenesis under patho-
logical conditions because ependymal
cells are known to proliferate after in-
jury (5, 7).

Neurogenic Niche and Stem Cell Niche
In adults, tissue-specific stem cells are
thought to be nested in a specialized

microenvironment, the so-called stem
cell niche (12). In particular, the SVZ is
a narrow cell dense region easily recog-
nizable only around the anterior part of
the LV and thus thought to constitute a
very specialized niche for NSCs. In the
adult brain, active neurogenesis occurs
in only a few restricted regions, the
aforementioned SVZ and DG (2). Thus,
stem cell niches have been considered to

be limited to these two neurogenic re-
gions. Coskun et al. (7), however, pro-
pose that that may not be the case
because the ependymal layer, where
continuous cell divisions do not take
place, contains NSCs. Along this idea,
the occurrence of NSC niches may be
more widespread than previously appre-
ciated. In fact, previous cell culture
studies have identified cells with charac-
teristics of NSCs even outside of the
ependymal layer and SVZ. These NSC-
like cells have been found along the
entire anteroposterior axis of the ven-
tricular system, including the areas
around the third and fourth ventricles
and the central canal of the spinal cord
(13). Some studies have further shown
the occurrence of similar cells in the
CNS parenchyma distant from the ven-
tricle (14–16). Notably, the spinal cord
contains the ependymal layer, but not
an anatomically distinguishable SVZ-like
structure. Nevertheless, a culture condi-
tion that does not support the growth of
NSCs derived from the ependymal layer
lining the LV or hippocampal DG has
been shown to be sufficient for expan-
sion of spinal cord-derived NSCs (17).
Conversely, although the DG does not
contain ependymal cells or a structure

comparable with the SVZ, many studies
successfully isolated NSCs from this
unique region distant from the LV (2,
14). It could be that such NSC-like cells
in normally non-neurogenic regions are
not stem cells in vivo, but transform into
stem cell-like cells in culture. Surpris-
ingly, however, their frequency detected
in culture from respective tissues is simi-
lar to that of authentic NSCs in the
SVZ, and their properties in vitro are
often indistinguishable from those of
SVZ NSCs (13–17). Whether such cells
share the same or similar properties in
vivo with either SVZ or ependymal
NSCs is currently unknown.

Stem Cells in Intact Versus Injured Brains
NSCs around the LV normally give rise
to neurons destined to the olfactory
bulb (18) (Fig. 1 A). After insults such as
ischemia, neurotoxicity, and trauma,
however, they produce other types of
neurons as well, including striatal and
cortical neurons (4). In addition to these
actively dividing cells in the intact brain,
normally quiescent cells can participate
in injury-induced neurogenesis (19).
Likewise, certain signals could mobilize
otherwise dormant ependymal NSCs or
parenchymal NSC-like cells after injury.
Thus, multiple cell populations may
have a potential to participate in repair
of damaged brain. In fact, a recent ele-
gant study of the olfactory sensory epi-
thelium has shown a precedent example
that different types of cells are responsi-
ble for neuronal cell replacement under
distinct insult conditions (20). Identifica-
tion of NSCs is an essential first step to
distinguish the source of new neurons
and glia, and the study by Coskun et al.
(7) has shed new light on this important
issue. More new tools and approaches
are necessary to reveal what NSCs are,
where they are, and what they do in in-
tact and damaged brains. Answering
these questions will ultimately contrib-
ute to both better understanding of
brain functions and development of
stem cell therapy for neurological
diseases.
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