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Myelin failure in multiple sclerosis: Breaking the spell of Notch

In multiple sclerosis, the myelin sheath is heavily damaged. New evidence suggests that inhibitory signals mediated
by the Notch pathway suppress remyelination (pages 1115-1121).

Loss of myelin, the fatty sheath that en-
velops most axons, is a hallmark of
multiple sclerosis (MS). MS lesions can
occur anywhere in the central nervous
system (CNS). In most cases, demyelina-
tion is mediated by inflammatory cells
and their secreted products, but the de-
tailed mechanisms of myelin damage dif-
fer in the various types of

REINHARD HOHLFELD

In an elegant series of experiments,
the investigators first identified candi-
date genes that are upregulated in cul-
tured astrocytes after stimulation by
the inflammatory cytokines present in

tor Notch1, and Hes5, a downstream ef-
fector of Notchl, in chronic demyelinat-
ing MS lesions. In contrast, these
proteins were not present in remyeli-
nated lesions. Jaggedl was present in ac-
tivated astrocytes, whereas Notchl and
Hes5 were found in immature oligoden-
drocytes. To detect any functional

effects that Jagged1 might

MS (ref. 1). Axonal loss also
occurs in MS, probably as a
consequence of demyelina-
tion. Apart from oligoden-
drocytes, which produce
the myelin sheath, MS le-
sions comprise axons and
cells that provide neuronal
support and protection,
that is, astrocytes and mi-
croglia. In addition, inflam-
matory cells contribute to
lesion formation by invad-
ing the CNS via small blood
vessels. There they attack
myelin, oligodendrocytes
and perhaps axons as well
(Fig. 1). In chronic lesions,
the lost axons and myelin
are replaced by dense, ‘scle-
rotic’ astrocytic scar tissue,
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have on oligodendrocytes,
the researchers cultured
human oligodendrocytes
together with fibroblasts
transfected with human
Jaggedl. In these cocul-
tures, the oligodendro-
cytes did not extend their
processes, a pattern con-
sistent with an immature
phenotype.

These data are the first to
implicate the Notch path-
way in failures of remyeli-
nation in MS. They point
to a qualitative rather
than quantitative defect of
oligodendrocyte precur-
sors. Thus the results are
consistent with histologi-
cal studies demonstrating
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hence the name multiple
sclerosis. Spontaneous re-
myelination does occur in
MS lesions, but in the long
term it cannot prevent irre-
versible axonal damage.

A study in this issue pro-

Fig. 1

that even chronic MS le-
sions contain oligodendro-
cyte precursors, although
their prevalence decreases
with increasing age of the
lesion and patient.®> The
new findings together with

Proposed signaling cascade inhibiting myelination in an MS lesion in the
CNS (ref. 2). Inflammatory cells (blue) secrete TGF-B1 into the extracellular ma-
trix. This activates astrocytes to express Jagged1, which binds to the Notch1 re-
ceptor expressed on oligodendrocyte precursors. As a consequence of the
Notch-mediated signals, the oligodendrocyte precursor fails to replace the de-
generating myelin.

poses a new link between

the inflammatory milieu and the failure
of efficient remyelination®. John et al.
suggest that inflammatory cells not only
directly damage myelin, but they also
create an environment in which surviv-
ing oligodendrocyte precursors fail to dif-
ferentiate and myelinate. The authors
report that transforming growth factor-
B1 (TGF-B1), a cytokine produced by im-
mune as well as other types of cells,
stimulates astrocytes to express a surface
protein called Jagged1. This protein binds
to Notch receptors on the oligodendro-
cytes, and the receptors mediate signals
that, in effect, inhibit the maturation of
the oligodendrocytes. This pathway
could provide a molecular handle for the
therapeutic induction of myelination.

MS lesions. Using microarray expres-
sion profiling, they found that TGF-f1
strongly induced Jaggedl expression,
whereas other inflammatory cytokines
did not. These results were confirmed
on the protein level by western blotting
and confocal microscopy. Jaggedl is a
ligand for Notchl, a member of the
Notch protein family first identified in
Drosophila. The Notch proteins are
highly conserved transmembrane re-
ceptors that decide many crucial ques-
tions of cell differentiation and cell
fate.

To test if these in vitro observations
were relevant to clinical reality, John et
al. studied MS lesions by immunohisto-
chemistry. They found Jagged1, its recep-
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results from other studies*
indicate that at least three factors are in-
volved in reducing or obstructing re-
myelination: 1) loss of oligodendrocytes
and oligodendrocyte precursors due to
immune attack; 2) inhibitory signal(s)
from the inflammatory milieu? and ob-
struction of oligodendrocytes by astro-
cytic scarring; and 3) reduced
receptiveness of injured axons to remyeli-
nation®®.

Clearly, a better understanding of
these mechanisms is crucial for design-
ing therapies to improve remyelina-
tion. But many questions remain. For
one, is it a good strategy to inhibit TGF-
B1? Probably not, because TGF-31 and
other TGF-B isoforms have many differ-
ent effects on different cell types in-
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Possible therapy

Immunomodulators

Trophic and growth factors
(e.g., LIF, CNTF, IGF-1, GGF,
PDGF, FGF); Immunoglobulins?

Notch inhibitors
(Myelin-selective?)

PSA-NCAM blockers

Transplantation of
oligodendrocyte precursors,
Schwann cells, olfactory glia,
or stem cells

other remyelination
strategies (Fig. 2).
For example, two
papers recently pub-
lished in Nature
Medicine demonstrate
that trophic (growth)
factors like leukemi-
ainhibitory factor (LIF)
and ciliary neuro-
trophic factor (CNTF)
positively influence
myelination in EAE
(refs. 10,11). The un-
solved problem, is
how to apply these
proteins to ensure
that they effectively
reach MS  lesions.
Certain immuno-
globulins with mye-

Fig. 2 Possible therapeutic strategies to improve remyelination.

lination-inducing po-
tential*?* are already

cluding immune cells’. For example,
TGF-B can downregulate inflammatory
reactions. Indeed, TGF-f1 and TGF-32
are beneficial in an animal model of
MS, experimental autoimmune en-
cephalomyelitis (EAE)?, and TGF-B2 has
been tested in a pilot trial in MS pa-
tients®. Instead of trying to inhibit TGF-
B, it might be better to aim at events of
the inhibitory cascade further down-
stream?. Ideally, only the myelin-re-
lated function of the Notch pathway
should be targeted, as Notch regulates
numerous processes in many cell types,
including immune cells®. It is currently
difficult to speculate on how to do this,
but further experiments could reveal
clues, such as myelination-specific
Notch mediators.

Meanwhile we must remain open to

being used for MS,
but mainly because of their immunomod-
ulatory properties.

Another strategy that has attracted at-
tention lately is the transplantation of
myelin-forming cells, their precursors or
even stem cells in clinically relevant le-
sions. Such lesions include a spinal cord le-
sion, causing paralysis, and bilateral optic
nerve lesions, causing blindness®™. Clinical
pilot trials have begun to explore the ef-
fects of implanting autologous Schwann
cells, the myelin-forming cells of the pe-
ripheral nervous system, into MS lesions®®.

It would make sense to combine a
Notch-based approach based on the new
study with growth factor or transplanta-
tion therapies, plus an efficient im-
munomodulatory treatment to protect
the remyelinating cells from the ongo-
ing immune attack. First, however, we

must identify the unknown agent that
can block or cancel the myelination-in-
hibiting signals sent along the Notch
pathway. This promises to be a major
challenge, but one well worth the effort.
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Breast cancer banishes p27 from nucleus

The cell-cycle inhibitor p27 is phosphorylated by the Akt kinase in breast cancer, according to three new studies.
This phosphorylation keeps p27 in the cytoplasm and correlates with cancer aggressiveness
(pages 1136-1144, 1145-1152 and 1153-1160.)

M ost genes known to control the cell
cycle are mutated in cancer, some
of them quite frequently. These include
famous genes such as K-ras and p53. One
notable exception is the cyclin-depen-
dent kinase inhibitor p274*, p27 is an
inhibitor of the cell cycle, and thus a
candidate  tumor suppressor by
birthright. But the homozygous loss or
silencing of the p27 locus is extremely
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rare. Nonetheless, a decrease in p27 lev-
els, due to p27 protein degradation oc-
curs in roughly half of carcinomas and
correlates with aggressive, high-grade tu-
mors and poor prognosis®. And that isn’t
all. Certain carcinomas of the breast,
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thyroid, esophagus or colon contain
normal levels of p27 but, strangely, the
protein has shifted location in these
cancers. Normally p27 resides in the nu-
cleus, but in these tumors it can be found
instead in the cytoplasm®®. How does
this happen? And, what does it mean?
Three studies in this issue by Lian et al.,
Shin et al. and Viglietto et al. shed light
on the matter**. They demonstrate that




