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Ventral Neurogenesis Minireview
and the Neuron-Glial Switch
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Figure 1. Class | and Class Il Repressors in the Ventral Spinal Cord

All encoded proteins are homeodomain transcription factors except
for Olig2, which is a basic helix-loop-helix factor. Nkx6.2 expression
is restricted to the pl domain in mouse (illustrated) but in chick
overlaps Nkx6.1 down to the floor plate (dotted line).

The Search for Predicted Repressor Proteins

The idea that neuroepithelial domain boundaries are
defined by crossinhibition between class | and class |l
proteins predicts that there should be a class I/class Il
doublet assigned to every boundary. While a full set of
class | proteins has been identified, only two of these had
known class Il counterparts. The known class I/class Il
pairs were Pax6/Nkx2.2 at the p3/pMN boundary and
Nkx6.1/Dbx2 at the p2/p1 boundary. Now, two “missing”
class Il proteins have been found: Vallstedt et al. (2001)
show that Nkx6.2 is a class Il partner of Dbx1 at the p1/
pO interface and Novitch et al. (2001) identify Olig2 as
a putative class Il partner of Irx3 at pMN/p2 (Figure 1).

Nkx6.1 was previously shown to be a class Il repressor
involved in the specification of V2 interneurons and MNSs.
With its class | counterpart, Dbx2, it defines the position
of the p1/p2 boundary. Mice lacking Nkx6.1 have no V2
interneurons and a reduced number of MNs (Sander et
al., 2000). Vallstedt et al. (2001) demonstrate that the
reduction—rather than complete loss—of MNs is due
to a ventral expansion of Nkx6.2 expression into the p2
and pMN domains, where it compensates for the loss
of Nkx6.1. In keeping with this functional redundancy
between Nkx6 proteins, ectopic expression of either
Nkx6.1 or Nkx6.2 in the chick spinal cord induces ectopic
MN production. Note that Nkx6.2 fails to substitute for
Nkx6.1 in the p2 domain of the Nkx6.1 knockout. This is
because Nkx6.2, being a weaker repressor than Nkx6.1,
allows Dbx2 expression to expand ventrally into p2
where it blocks V2 production.

Apart from their redundant functions, Nkx6.1 and
Nkx6.2 also have distinct functions. In the normal mouse
spinal cord, Nkx6.2 expression is restricted to the pl
domain just dorsal to Nkx6.1. The dorsal boundary of
Nkx6.2 expression coincides with the ventral limit of
Dbx1, suggesting that these genes might form another
class|/class Il doublet. Vallstedt et al. (2001) confirm this
by demonstrating that in Nkx6.2 null mice, expression of
Dbx1 expands ventrally into the p1 domain and induces
ectopic VO neurons. Nkx6.2 therefore fits the bill as a
bona fide class Il partner of Dbx1.

The bHLH transcription factors Oligl and Olig2 were
recently identified in connection with oligodendrocyte
development (hence their names) (Lu et al., 2000; Take-
bayashi et al., 2000; Zhou et al., 2000). However, Olig2
is expressed in the pMN domain well ahead of the ap-
pearance of overt oligodendrocyte progenitors (OLPs),
suggesting a role for Olig2 in MN specification. Indeed,
Novitch et al. (2001) and Mizuguchi et al. (2001) demon-
strate that ectopic expression of Olig2 in the chick spinal
cord or hindbrain in ovo represses Irx3 expression and
vice versa. Thus, crossrepression between Olig2 and
Irx3 fixes the dorsal boundary of the pMN domain, defin-
ing them as a class I/class Il pair. Olig2 is an unconven-
tional class Il protein though because it is a bHLH pro-
tein, not an HD protein like all the others.

Interactions between HD and bHLH Transcription
Regulators in Neuronal Subtype Specification

On top of the HD protein pathway of neuronal specifica-
tion, there appears to be a parallel neurogenic pathway
involving bHLH proteins. bHLH genes in Drosophila and
vertebrates can direct pan-neuronal as well as subtype-
specific programs of differentiation (Guillemot, 1999). In
the vertebrate spinal cord, several bHLH genes (neuro-
genins, Mash1, Math1, Olig1/2) are expressed in discrete
regions of the neuroepithelium. Mizuguchi et al. (2001)
and Novitch et al. (2001) demonstrate that the expres-
sion pattern of Olig2 in the spinal cord is indeed regu-
lated by HD proteins. In addition to the crossrepressive
interactions between Olig2 and Irx3 at the pMN/P2 bor-
der, Nkx6.1 appears to induce expression of Olig2 in
pMN, and Nkx2.2 sets the ventral limit of Olig2 at the
p3/pMN boundary (Novitch et al., 2001). The possibility
that HD and bHLH neurogenic pathways intersect was
also suggested by Scardigli et al. (2001). By studying
mice mutant for the HD protein Pax6 and Ngn2, they
found evidence for a two-way genetic interaction. Scar-
digli et al. (2001) further showed that Ngn2 is necessary
for proper MN specification. However Ngn2 is only a
permissive component of the MN pathway and is likely
to interact with other transcription factors that might
have more restricted expression patterns and more spe-
cific roles in neuronal subtype specification.

Mizuguchi et al. (2001) and Novitch et al. (2001) now
further define the role of Ngn2 in MN generation and
demonstrate that it collaborates with Olig2 to direct the
expression of both pan-neuronal and MN-specific char-
acteristics. They report that expression of Olig2 in the
neural tube precedes that of Ngn2. At the time of MN
generation, Ngn2 is expressed strongly in the pMN do-
main, suggesting that Olig2 may influence its expres-
sion. Indeed, ectopic expression of Olig2 in the chick
spinal cord and hindbrain showed that Olig2 leads to
upregulation of Ngn2 and induction of cells expressing
MN differentiation markers. Loss-of-function studies by
expression of a putative dominant-negative form of
Olig2 (Olig2 bHLH domain fused to the transactivation
domain of Herpes Virus Protein VP16) in the pMN domain
caused a reduction in the number of cells expressing
MNR2/Lim3/HB9 within pMN, indicating that the activity
of endogenous 0Olig2 is indeed essential for MN gener-
ation.

In addition, Novitch et al. (2001) ectopically expressed
a hybrid protein comprising the bHLH domain of Olig2
fused to the repressor domain of the Drosophila En-
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be late-migrating neurons or another class of glial cells— Spassky, N., Olivier, C., Perez-Villegas, E., Goujet-Zalc, C., Martinez,
possibly astrocyte progenitors. In mouse, there seem to S., Thomas, J., and Zalc, B. (2000). Glia 29, 143-148. .
be separate ka2.2-positive and ka2.2—negative OLPs Sun, T., Pringle, N.P., Hardy, A.P., Richardson, W.D., and Smith,

from above and below the p3/pMN boundary (N.P., N.K., H.K. (1998). Mol. Cell. Neurosci. 12, 228-239.



