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MS results from destruction of the protective myelin sheath surrounding axons, which prevents the transmission of nerve
impulses. Precursors of oligodendrocytes, the cells capable of myelinating axons, are preserved in demyelinating lesions;
however, why these precursors do not differentiate into mature oligodendrocytes and remyelinate axons is unknown.
Contactin is a noncanonical Notch receptor ligand that mediates oligodendrocyte differentiation. In this issue of the JCI,
Nakahara et al. show that Contactin is abundantly expressed on demyelinated axons in human chronic MS lesions and
that Notch1 is activated in oligodendrocyte precursor cells (see the related article beginning on page 169). However,
Notch1 intracellular domain coassociates with the nuclear transporter Importin β but fails to show evidence of nuclear
translocation. These cytoplasmic aggregates also contain TAT-interacting protein 30 kDa (TIP30), a proapoptotic factor,
which inhibits nuclear transport and, consequently, Notch1-mediated oligodendrocyte differentiation and remyelination.
These data target TIP30 as a new pathogenic factor in MS.
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MS results from destruction of the protective myelin sheath surrounding 
axons, which prevents the transmission of nerve impulses. Precursors of 
oligodendrocytes, the cells capable of myelinating axons, are preserved in 
demyelinating lesions; however, why these precursors do not differentiate 
into mature oligodendrocytes and remyelinate axons is unknown. Contac-
tin is a noncanonical Notch receptor ligand that mediates oligodendrocyte 
differentiation. In this issue of the JCI, Nakahara et al. show that Contac-
tin is abundantly expressed on demyelinated axons in human chronic MS 
lesions and that Notch1 is activated in oligodendrocyte precursor cells (see 
the related article beginning on page 169). However, Notch1 intracellular 
domain coassociates with the nuclear transporter Importin β but fails to 
show evidence of nuclear translocation. These cytoplasmic aggregates also 
contain TAT-interacting protein 30 kDa (TIP30), a proapoptotic factor, 
which inhibits nuclear transport and, consequently, Notch1-mediated oli-
godendrocyte differentiation and remyelination. These data target TIP30 as 
a new pathogenic factor in MS.

MS is an inflammatory, demyelinating dis-
ease of the CNS that is thought to be medi-
ated by an immune attack directed against 
oligodendrocytes and myelin. Clinically, 
patients usually present in early adulthood 
with a relapsing/remitting form of the dis-
ease that over time develops into a chronic 

progressive state with increasing disability. 
Pathological staging of MS lesions remains 
controversial, but they are usually catego-
rized as active/acute, chronic active, and 
chronic inactive/silent. Acute and chronic 
active lesions are characterized by peri-
vascular cuffs of lymphocytes and macro-
phages associated with areas of primary 
demyelination, with chronic active lesions 
often showing a chronic core and an active 
edge, whereas chronic silent lesions display 
loss of oligodendrocytes, myelin, and axons, 
with little to no evidence of ongoing inflam-
mation (1). At the edge of some lesions, 
substantial numbers of premyelinating oli-
godendrocytes can be observed, indicating 

that the potential for repair is not limited by 
the loss of these cells but rather reflects gain 
or loss of signals that promote oligoden-
drocyte migration into lesioned areas of the 
brain and their differentiation into mature 
myelinating oligodendrocytes. Remarkably, 
all three types of lesions may be found with-
in adjacent areas of the same brain, suggest-
ing that it is the microenvironment of the 
lesion itself that influences lesion outcome.

Notch receptor family members (Notch1–
Notch4) are type 1 transmembrane proteins 
that, following ligand binding, are cleaved 
by a metalloproteinase and a γ-secretase, 
generating Notch intracellular domain 
(NICD), which then translocates to the 
nucleus where it acts as a second messen-
ger to modulate expression of target genes 
(2). Depending upon the ligand involved in 
Notch1 activation, these target genes may 
either inhibit (via canonical signaling) or 
promote (via noncanonical signaling) dif-
ferentiation and maturation of oligoden-
drocyte precursor cells (OPCs) (Figure 1). 
Ligands belonging to the canonical path-
way, such as Delta, Serate/Jagged, and Lag2 
(DSL), transduce signals through the CSL/
NICD/Mastermind (where CSL represents 
CBF1, Su[H], Lag1) signaling pathway, 
leading to transcriptional activation of the 
inhibitory genes hairy and enhancer of split 
1 (HES1), HES5, and HES7 as well as hairy 
and enhancer of split related with YRPW 
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motif 1 (HEY1), HEY2, and HEYL, which 
block OPC maturation, resulting in main-
tenance of the OPC pool (2–4). In contrast, 
ligands of the noncanonical pathway, such 
as F3/Contactin, transduce signals through 
the NICD/Deltex signaling cascade, lead-
ing to transcriptional activation of genes 
such as myelin-associated glycoprotein 
(MAG) promoting OPC differentiation and 
myelination (Figure 1) (2, 5). During devel-
opment, expression of Notch1 and ligands 
of both the canonical and noncanonical 
pathways are temporally and spatially con-
trolled to coordinate commitment of cells 
to the oligodendrocyte lineage, prolifera-
tion and maintenance of OPCs, and differ-
entiation of OPCs into mature myelinating 
oligodendrocytes (2, 6).

Notch signaling in chronic  
MS lesions
In earlier studies, we examined chronic 
active MS lesions for expression of mem-
bers of the Notch canonical signaling 
pathway and found expression of Jagged1 
by reactive hypertrophic astrocytes and 

Notch1 and nuclear HES5 in OPCs (7). 
Now, in this issue of the JCI, Nakahara and 
colleagues have examined human chronic 
silent MS lesions for components of the 
noncanonical Notch signaling pathway (8). 
They hypothesized that, since axons are a 
major site of F3/Contactin expression and 
since axonal damage is a feature of chronic 
inactive MS lesions, remyelination failure 
in these lesions might reflect loss of a Con-
tactin/Notch1-dependent activation of 
oligodendrocyte differentiation. Surpris-
ingly, however, they found that Contac-
tin was abundantly expressed in chronic, 
demyelinated MS lesions, with enhanced 
immunohistochemical staining for Con-
tactin clearly demarcating affected regions 
of the brain. Furthermore, they detected 
NICD within the cytoplasm of OPCs, thus 
providing evidence of Notch1 activation at 
these sites. Detection of cytoplasmic NICD 
is unusual since, once activated, NICD rap-
idly translocates to the nucleus. To follow 
up on this unexpected finding, Nakahara 
and colleagues tested for expression of fac-
tors involved in the nuclear translocation 

process. These studies revealed that NICD 
colocalized with the nuclear transporter 
Importin β and the nuclear pore protein 
Nup153. What is perhaps even more inter-
esting is that these aggregates also coas-
sociated with Lamin B1, which was also 
overexpressed in the demyelinated MS 
lesions. Duplications and overexpression 
of Lamin B1 have recently been identified 
as the cause of autosomal dominant leuko-
dystrophy, a slowly progressive adult-onset 
demyelinating disease (9), which has often 
been misdiagnosed as chronic, progres-
sive MS but which differs pathologically 
in that oligodendrocytes are preserved 
and there is no astrogliosis (10). Seeking 
a mechanism whereby these proteins may 
get trapped in the cytoplasm, Nakahara 
et al. then examined expression of TAT-
interacting protein 30 kDa (TIP30, also 
known as CC3), a protein known to form 
a complex with Importin β and to block 
its nuclear translocation (11). Again, they 
found increased expression of TIP30 in 
demyelinated lesions and showed associa-
tion with aggregates of Importin B1.

Figure 1
Notch1 ligands differentially regulate OPC development. The figure depicts the outcome of the interaction of different ligands with the Notch1 
receptor, which triggers signaling via two distinct pathways. Canonical ligands of the DSL family activate genes such as HES1 and HES5 
(HES1,5) that inhibit OPC differentiation but permit OPC proliferation, resulting in the maintenance and/or expansion of the OPC pool. In 
contrast, the noncanonical ligand F3/Contactin leads to OPC differentiation and subsequent myelination of axons by promoting expression of 
myelin genes such as myelin-associated glycoprotein (MAG). However, in this issue of the JCI, Nakahara et al. (8) present data supporting the 
conclusion that in MS lesions, activation of the noncanonical pathway may fail due to pathologic upregulation of TIP30, a protein that blocks 
nuclear transport of NICD. NICD entrapment in the cytoplasm prevents OPC differentiation and axon myelination (see schematic representation 
depicted in Figure 9 of the Nakahara et al. study; ref. 8).
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This study by Nakahara et al. (8) is impor-
tant in that it is the first to examine compo-
nents of a noncanonical Notch1 signaling 
pathway in MS lesions. The results clearly 
show that OPCs are present in chronic 
lesions, that they express Notch1, and that 
Notch1 signaling is activated. The authors 
did not detect a strong signal for nuclear 
HES5, suggesting that the canonical path-
way was not activated in these lesions, in 
contrast to our previous report (7). A likely 
explanation for these differences is that 
whereas Nakahara et al. examined chronic 
silent MS lesions, the plaques in our study 
were predominantly chronic active. That 
chronic active and chronic silent MS lesions 
may differentially display transcribed genes 
has been well documented by microarray 
analysis (12). These differences might, 
therefore, reflect a switch from an environ-
ment where expansion of the OPC pool 
is encouraged via signaling through the 
canonical pathway to one that directs their 
differentiation and entry into the myelina-
tion program via signaling through the 
noncanonical pathway. Taken together, 
these studies suggest that all the machin-
ery for remyelination is present in the MS 
lesion but that myelination in some lesions 
fails due to a block in signaling mediated 
by pathologic expression of TIP30. Naka-
hara and colleagues further support this 
conclusion by showing reduced expres-
sion of NICD/TIP30 cytoplasmic aggre-
gates in remyelinated shadow plaques as 
well as studies in vitro using the OPC cell 
line OLN39, in which transfection with an 
enhanced GFP–tagged TIP30 vector blocked 
Contactin-induced differentiation. Further-
more, in line with the known proapoptotic 
properties of TIP30, many of the TIP30-
transfected cells died (8). From these data, 
the authors conclude that OPCs in chronic 
MS lesions are not naive but pathogenic.

Potential role of TIP30 in MS 
pathogenesis
TIP30 is a normal cellular protein origi-
nally identified as a tumor suppres-
sor that, when present in excess, blocks 
nuclear import (11, 13). It is known to be 
upregulated by heat shock, stress, aging, 
certain viruses, and the cytokine TGF-β. 
The tumor-suppressive activity of TIP30 
has been linked to the induction of apop-
tosis, possibly by blocking of nuclear pores 
(11), and the suppression of osteopontin 
(14), a proinflammatory cytokine that 
has been implicated in the generation of 
Th17 cells, important for the generation of 

cell-mediated immunity. Osteopontin has 
been shown to be upregulated in chronic 
active MS lesions and has been linked to 
the exacerbation of the animal model for 
MS known as EAE (15). Thus, these stud-
ies reported by Nakahara et al. (8) intro-
duce a new player into the pathogenesis of 
MS, and it will be of considerable interest 
to determine whether TIP30 plays a role 
in the pathogenesis of animal models of 
demyelination/remyelination and, in par-
ticular, of EAE.

Contactin expression in the CNS
These studies by Nakahara et al. (8) are also 
important in that they show that a member 
of the noncanonical pathway, Contactin, 
is reexpressed in the injured adult CNS. 
OPC expansion in response to canonical 
Notch1 ligands such as Jagged1 is poten-
tially beneficial in MS, assuming that the 
cells in the resulting pool remain sensitive 
to the signals that then drive their differ-
entiation and myelin formation. During 
development, DSL ligands are expressed 
early, whereas Contactins are highly 
expressed only after birth. Contactins are 
glycosylphosphatidylinisotol-linked (GPI-
linked) members of the immunoglobulin 
superfamily (16). Neurons express two 
isoforms that differ in the extent of glyco-
sylation, with the lower MW isoform colo-
calizing with Contactin-associated protein 
(Caspr) at paranodes and the higher MW 
isoform detected in the nodal region (17). 
In contrast with Contactin, Caspr has been 
reported to be lost in chronic demyelin-
ated MS lesions (18). Thus, another critical 
question that will require further investiga-
tion is how Contactin expression is regu-
lated on demyelinated axons.

Future directions
Studies of appropriate animal models and 
more detailed analyses of MS lesions that 
do successfully remyelinate may help to 
address these issues. With respect to ani-
mal models, EAE is not ideal for decipher-
ing the role of Notch1 in remyelination 
since Notch signaling also regulates cells 
of the immune system (19). Nonimmune 
demyelinating/remyelinating animal 
models involve stereotactic microinjec-
tion of lysolecithin or ethidium bromide 
or chronic ingestion of the copper chelator 
cuprizone. Cuprizone leads to selective 
demyelination/remyelination of the corpus 
callosum and cerebellar peduncles, whereas 
microinjection models are usually targeted 
either to the dorsal columns of the spinal 

cord or the corpus callosum. In the cupri-
zone model, Stidworthy et al. failed to find 
a role for Notch1 in remyelination using a 
floxed Notch1 receptor and a tamoxifen-
inducible Cre driven by the myelin proteo-
lipid protein (PLP) promoter (20). However, 
an alternative interpretation of their data 
could be that the target of both Jagged and 
F3/Contactin is an OPC at a developmen-
tal stage prior to expression of PLP. This 
would further be supported by the fact that 
developmental studies using a Cre driven 
by the 2′,3′- cyclic nucleotide 3′-phospho-
diesterase promoter that is expressed ear-
lier than PLP have documented a role for 
canonical Notch1 signaling in oligoden-
drocyte differentiation (21). Clearly, addi-
tional animal studies that examine both 
the canonical and noncanonical pathways 
at earlier stages of OPC differentiation 
would be of interest.

Remyelinating areas of MS lesions (shadow 
plaques) are most commonly found at the 
edge of active lesions (1). Thus, microarray 
technology employing laser-capture tissue 
samples taken from the center and edge as 
well as adjacent normal-appearing white 
matter of such lesions may be a particularly 
informative experimental approach. Taken 
together, the data provided by Nakahara et 
al. (8) in this issue of JCI indicate that reex-
amining the role of Notch ligands and TIP30 
in the adult CNS may be highly relevant to 
our understanding of the factors important 
in mediating myelin repair of MS lesions, 
which is critical for protection against axo-
nal loss and recovery of function.
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CD4+ T cells mediate cytotoxicity  
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Neuroinflammation, characterized by activated microglia and infiltrating 
T cells, is a prominent pathological feature in neurodegenerative diseases. 
However, whether this inflammation contributes to neuronal injury or is 
a late consequence of neuronal injury is unclear. In this issue of the JCI, 
Brochard et al. report that CD4+ T cells are cytotoxic in a mouse model of 
Parkinson disease (PD) (see the related article beginning on page 182). Spe-
cifically, invading T lymphocytes contributed to neuronal cell death via the 
Fas/FasL pathway. The results implicate the adaptive immune system in the 
pathogenesis of Parkinson neurodegeneration and provide a meaningful 
rationale for immune-based therapies for PD.

Neuroinflammation  
in Parkinson disease
Parkinson disease (PD) is a motor system 
disorder, which is characterized by tremor, 
rigidity, slowed movements, and impaired 
balance and coordination and results from 
the loss of dopamine-producing cells in the 
brain. The nigrostriatal pathway — a neural 
pathway connecting the substantia nigra 

with the striatum — is one of four major 
dopamine signaling pathways in the brain 
and is prominently involved in controlling 
movement. In PD, the nigrostriatal pathway 
as well as dopaminergic and nondopami-
nergic neurons are compromised, and this 
is accompanied by inflammatory changes 
in microglia (the innate immune cells of 
the central nervous system) and infiltra-
tion of T lymphocytes (cells of the adaptive 
immune system). It has long been thought 
that microglial and T cell infiltration are 
not primary events in the pathogenesis of 
neurodegeneration but are instead respons-
es to neuronal injury. However, recent stud-
ies (discussed below) support an alternative 
point of view and provide compelling evi-

dence that both activated microglia and T 
lymphocytes make a significant contribu-
tion to neurodegeneration, at the very least 
by amplifying and exacerbating an ongoing 
inflammatory process and by triggering 
extensive neuronal degeneration to develop 
from a small population of stressed dopa-
minergic neurons.

The role of microglia  
in dopaminergic cytotoxicity
Much attention has focused on microglia as 
one of the mediators of the inflammatory 
response leading to dopaminergic neuronal 
injury. Microglia are similar to macrophages 
and are capable of exhibiting either an M1 
proinflammatory phenotype (following 
activation with LPS), characterized by the 
secretion of proinflammatory cytokines, 
NO, and superoxide, or an M2 antiinflam-
matory phenotype (following incubation 
with IL-4), characterized by the secretion 
of neurotrophic factors such as IGF-1 and 
IL-10 (1). In vitro, LPS-induced microglial 
activation triggers the release of proinflam-
matory factors, including NO, H2O2, and 
superoxide, causing neurodegeneration of 
ventral midbrain dopaminergic neurons 
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