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It repressesMbp transcription directly, by forming repres-

sive complexes with histone deacetylases (HDACs) and

indirectly, by inhibiting transcription of activators such as

ASCL1 and by physical sequestration of SOX10 and

ASCL1 [9]. In keeping with its repressive role, Hes5

knockout mice have increased postnatal expression of

myelin genes including Mbp [9]. However, another study

argues that Notch pathway activation mediated by Con-

tactin/F3, an alternative axonal membrane-bound Notch

ligand, can enhance OL differentiation [10]. Consistent

with this, Contactin/F3 is highly expressed in demyeli-

nated axons in patients with chronic multiple sclerosis
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emerging as central points of convergence for multiple

signal transduction pathways that control OL differen-

tiation [28].

Transcriptional activators of the myelination program

Nuclear hormone receptors

In vitro experiments suggested that activation of retinoic

acid receptors (RARs and RXRs) and thyroid hormone

receptors (THR) is required for OLP differentiation

[29,30]. In keeping with these experiments, an in situ
hybridisation-based screen revealed a sharp increase of

THR-b mRNA in remyelinating mouse spinal cord

[14��]. Also, the zebrafish neckless mutant, which lacks

the retinoic acid synthetic enzyme RALDH2

(ALDH1A2), was shown to be defective for MBP expres-

sion and myelin compaction during normal development

[31]. Consistent with a role for TH signalling in regulating

OL differentiation, hypo-thyroid and hyper-thyroid rats

have delayed and accelerated myelination, respectively,

although mice that lack both THR-a and THR-b have

only slightly delayed optic nerve myelination [32]. RAR/

RXR and THR are ligand-dependent transcription fac-

tors that bind directly to DNA [33], but their downstream

gene targets are currently unknown.

Basic helix–loop–helix transcription factors: OLIG1/2 and

ASCL1

OLIG1 and OLIG2 are basic helix–loop–helix (bHLH)

transcription factors that have been defined as important

regulators of OL development [34]. These factors have

been regarded as transcriptional repressors but they prob-

ably can be activators also, depending on their post-

transcriptional modifications (they have many potential

phosphorylation sites) and their choice of co-factors. In

spinal cords of OLIG1/2 double knockout mice, OL

lineage cells a5 -1.1in.2(ampa)-9.3R/
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Zinc-finger transcription factors: YY1, ZFP488 and MTY1

YY1 is a zinc-finger protein and a member of the GLI-

Kruppel family of transcription factors. A role for YY1 in

OL development was originally described by Berndt et al.
[54], who found that ubiquitously expressed YY1 recog-

nises the myelin Plp promoter in vitro and in vivo and

directly enhances its transcription. Association of YY1

with other molecules is dependent on the acetylation

status of the molecule itself and on the presence of

specific extracellular signals favouring OL differentiation

[16��,55
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through SIN3B, a transcriptional repressor that is also

expressed in OLP [59].

NDT80 domain transcription factor: MRF

Myelin-gene Regulatory Factor (MRF), also called Gene

Model 98 (GM98), is a homologue of the product of

human gene C11Orf9 [60] and contains an NDT80

DNA binding domain. It was originally identified as a

gene expressed in post-mitotic OLs but not in astrocytes,

neurons or Schwann cells [61��]. Electroporation ofMrf in

chick spinal cord induced ectopic expression of myelin

genes and the effect was enhanced by co-electroporation

with Sox10. Conditional ablation of this gene in using

Olig2-cre or Cnp-cre mouse lines resulted in severe hypo-

myelination as a result of impaired OL differentiation. It

was noted that expression ofMRF progressively increases

in the white matter during the first two postnatal weeks

and peaked at the third week, following a temporal

pattern that resembles that of the master gene Krox20

in Schwann cells [61��]. On the basis of these data, it has

been proposed that MRF might play an analogous role in

the CNS to that played by KROX20 in the PNS [61��,62],
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re-expressed in OLIG2+ progenitors during remyelination after experi-
mental demyelination. Using mouse models of constitutively active beta-
catenin signalling, the authors demonstrate that dysregulated Wnt sig-
nalling precludes efficient remyelination. Also see Refs. [17��,28].
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