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An emerging role of dysfunctional
axon-oligodendrocyte coupling in

neurodegenerative diseases
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Myelin is made by highly specialized glial cells and en-
ables fast axonal impulse propagation. Recent stud-
ies show that oligodendrocytes in the central nervous
system are, in addition to myelination, required for
the integrity and survival of axons, independent of
the presence or absence of myelin itself. The underly-
ing mechanism of this support is given by glycolytic oli-
godendrocytes which provide axons with energy-rich
metabolites. These findings represent a paradigm shift
for the physiological function of axon-associated glia,
and open the intriguing possibility that oligodendro-
cytes are important contributors to neurodegenera-
tive diseases in which myelinated axons are lost, such
as in Alzheimer disease, amyotrophic lateral sclerosis,
and multiple system atrophy. Understanding the role
of axon-oligodendrocyte coupling in neurodegenera-
tive diseases may pave the way for the development of
metabolism-based therapeutic approaches.
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Introduction

eurodegenerative diseases comprise a spec-
trum of illnesses characterized by progressive neuronal,
synaptic, and axonal loss. Clinically they manifest as de-
mentia with declining overall cognitive abilities (language,
problem-solving, and memory) and/or movement impair-
ments. The neurological symptoms manifested in each dis-
ease depends largely on the part of the nervous system that
is primarily affected. Classical neurodegenerative diseases
in which a large proportion of cases are sporadic include
Alzheimer disease (AD), amyotrophic lateral sclerosis
(ALS), and multiple system atrophy (MSA). A common
risk factor for all of these sporadic neurodegenerative dis-
eases is aging. Life expectancy is increasing globally lead-
ing to a steady rise in disease prevalence that is putting an
enormous financial burden on the healthcare system. Why
aging constitutes the greatest risk factor for neurodegen-
erative diseases remains poorly understood. Intriguingly,
myelinated white matter integrity is significantly affected
by aging, more so than gray matter.! Recent studies have
shown that, in addition to insulating axons to allow faster
impulse propagation, oligodendrocytes also play an im-
portant role in providing axonal trophic support indepen-
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Selected abbreviations and acronyms

AD Alzheimer disease

AB amyloid-3

APP amyloid precursor protein

ALS amyotrophic lateral sclerosis

CNP 2°,3’-cyclic nucleotide phosphodiesterase
GClIs o-synuclein-positive glial cytoplasmic inclusions
GDNF glial-derived neurotrophic factor

MCT1 monocarboxylate transporter 1

MSA multiple system atrophy

MBP myelin basic protein

SOD1 superoxide dismutase 1

TPPP/p250. tubulin polymerization-promoting protein/p25a.

dent of the presence or absence of myelin itself.>* With this
in view, we aim to discuss the emerging role of dysfunc-
tional axon-oligodendrocyte coupling in neurodegenera-
tive diseases.

Axon-oligodendrocyte coupling

Myelination of axons in the nervous system of verte-
brates is essential for rapid impulse propagation. Dur-
ing development, portions of the peripheral nervous
system mature first, followed by the spinal cord and
the brain. Glial cells, notably oligodendrocytes in white
matter tracts and Schwann cells in peripheral nerves,
enwrap segments (internodes) of axons with their plas-
ma membranes. Most of the longitudinal expansion of
internodes coincides with secondary axon elongation
during body growth, a process which in humans takes
decades.* In the neocortex myelination continues at
least through to the end of the second decade.

White matter tracts comprise about 50% of the hu-
man brain and constitute the unusual cellular underpin-
ning of long-range “connectivity.” Many intracortical
axons are also myelinated. Cortical projection neurons
and spinal motor neurons can have a cellular volume,
>99% which consists of long axonal projections. These
axons are far away from their neuronal somata, where
genetic information is read out, presynaptic proteins
are synthesized, and output of a spiking neuron is deter-
mined at the axon hillock. However, axons are always
physically close to glial cells.

In recent years, our understanding of oligodendro-
cyte and Schwann cell function has seen a paradigm
shift that will be relevant for human brain disease and

possibly for the development of new therapies. It has
become clear that myelinating glial cells maintain the
long-term integrity and survival of the axons that they
ensheath, independent of the presence or absence of
myelin itself.>7 Specifically, oligodendroglial energy me-
tabolism switches after myelination to aerobic glycoly-
sis, where glycolysis products (ie, pyruvate or lactate)
are transferred by diffusion into the myelinated axon
to support mitochondrial respiration.’’ Diffusion of
metabolites through the myelin sheath occurs through
minute cytosolic (20 to 300 nanometers wide) channels
that coalesce into a continuous system of tubes, col-
lectively termed “myelinic channels.”'* Indeed, it is the
nearly complete encapsulation of axons by myelin it-
self, which deprives the neuronal compartment of rapid
access to extracellular metabolites (ie, glucose), and
which makes oligodendroglial metabolic support so
important. Unmyelinated axons can also be supported
by astrocytes. Thus, similar to astrocytes that drive the
“lactate shuttle” at cortical synapses, oligodendrocytes
serve the additional function of metabolically support-
ing the axons they ensheath.

The integrity of myelinic channels is maintained in
part by the antagonizing roles of two widely studied
myelin structural proteins; myelin basic protein (MBP)
which acts as an adhesive zipper in the formation of
compact myelin,!" and 2’,3’-cyclic nucleotide phospho-
diesterase (CNP) which prevents “complete” myelin
compaction.”” CNP knockout mice show axonal degen-
eration in myelinated fibers in the presence of function-
al myelin, demonstrating that oligodendrocytes play an
important role in axonal support that is independent of
myelination.” Conversely, MBP knockout mice (known
as “shiverer” mice), are able to support axons and show
no axonal loss in the absence of myelination.’ Recently
it has been proposed that oligodendroglial support of
axons is controlled by activity-dependent glutamate
release that increases oligodendroglial glucose uptake
and glycolytic support of fast-spiking axons.” In this
way, glutamate released from axons activates oligo-
dendroglial N-methyl-D-aspartate (NMDA) receptors
which in turn increases the expression of oligodendrog-
lial cell surface glucose transporter 1 (GLUT1). Lactate
is subsequently released towards the axon via mono-
carboxylate transporter 1 (MCT1) and taken up from
the periaxonal space by axonal monocarboxylate trans-
porter 2 (MCT2),? as illustrated in Figure 1. Physiologi-
cal experiments with the myelinated optic nerve from
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mice with FRET-based ATP sensors in the axonal com-
partment suggest that lactate support is more critical at
higher spiking frequency.!* However, oligodendrocytes
also deliver glucose to the myelinated axons, at least in
the subcortical white matter."

Alzheimer disease

AD is the most common form of dementia, currently af-
fecting more than 47 million people worldwide. Symp-
toms include memory loss, problems with language, dis-
orientation, and mood swings, all of which progressively
decline during the disease course. Morphologically, this
correlates with synapse and neuronal loss apparent as
widespread brain atrophy. On a molecular level, AD
is characterized by extracellular deposits of amyloid-
B (AB) and intracellular accumulation of hyperphos-
phorylated tau. A number of hypotheses have been
proposed to explain the mechanism by which these
pathophysiological protein aggregates lead to neuronal
and synaptic loss in AD. The most common of these, is
the amyloid cascade hypothesis which postulates that
the build-up of AP in various forms acts as an initial
disease trigger.!® AP is generated from the amyloid pre-
cursor protein (APP) by sequential cleavage of B-secre-
tase (BACE1) and the y-secretase complex (containing
presenilin 1 or PSEN1), mainly in the endolysosomal
compartment. While most cases are sporadic, the dis-
covery of inherited forms of the disease has fueled the
development of AD mouse models by introducing APP
and PSENI1 transgenes harboring human/humanized
sequences with familial AD mutations.

Although AD is classically considered a gray-mat-
ter disease, white-matter alterations are also common.
Several neuroimaging studies have found an exacer-
bated decline of white matter integrity in AD patients.
Intriguingly, this was also shown for presymptomatic
adults that were at an increased risk of developing
AD.""0 These findings indicate that myelin changes are
an early feature of AD and thus could play a key role
in disease etiology. Of note, early neuropathological ob-
servations by Braak and Braak (1996)* suggested an
inverse temporal relationship between AD pathology
and myelination: late and thinly myelinated regions of
the cortex that suffer most from age-dependent my-
elin breakdown are susceptible to AD pathology, while
heavily and early myelinated tracts such as the spinal
cord remain unaffected until the late phases of the dis-

ease. Such findings prompted Bartzokis to hypothesize
that age-related myelin breakdown which is observed
in the cortex and the accompanying repair processes
are crucial factors initiating AD.? This myelin hypoth-
esis centers on the unique vulnerability of oligodendro-
cytes and myelin to become damaged upon aging due
to their high cholesterol and iron content, slow pro-
tein, and lipid turnover, the elaborated production and
maintenance of the myelin sheath and their continuous
proliferation/differentiation throughout life. This hy-
pothesis is supported by electron microscopic analyses
of aged brains in non-human primates,” and by recent
“omic” approaches that show oligodendrocyte/myelin
gene and protein modules to be significantly altered in
AD patients.*** Intriguingly, genome-wide association
studies also identified bridging integrator 1 (BIN1), a
protein which is primarily expressed by oligodendro-
cytes, as the second greatest genetic risk factor for AD
after ApoE4.%

However, only a few patient and animal studies
have examined the role of oligodendrocytes and my-
elin breakdown in AD in more detail.””*! These studies
describe focal demyelination around A deposits (as
illustrated in Figure 1) and a loss of oligodendrocyte
lineage cells in AD patients.”’ Intriguingly, this is met by
an increased proliferation response of oligodendrocyte
precursor cells in an AD mouse model, a process which
seems to fail in AD patients.”’

Inherently, animal studies aimed at describing oli-
godendrocyte alterations in AD mouse models are
limited to observing myelin changes secondary to AD
(neuronal) protein aggregation and do not test Bartzo-
kis” hypothesis that oligodendrocyte dysfunction drives
AP production. The neurocentric view of AD has estab-
lished the dogma that neurons are the primary produc-
ers of AP and accordingly animal models have been de-
veloped in which the transgenes are driven by neuronal
promotors, for example the Thyl-driven APP/PSEN1
transgene in the widely used 5xFAD mouse model.*
However, the AP producing machinery, including pro-
cessing enzymes, is expressed in many non-neuronal
cell types including oligodendrocytes.®® Interestingly,
the selective inactivation of AP production from excit-
atory neurons does not affect amyloid burden in an AD
mouse model with ubiquitous expression of a mutant
APP transgene, which raises a question regarding the
extent to which glial cells contribute to Af production.™
The established AD animal models also suffer from ar-
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tefacts caused by the use of non-endogenous promo- and an atypical region specificity of amyloid burden.
tors to drive the expression of the APP and PSEN1  Recently, Saito and colleagues generated several APP
transgenes. These include overexpression of transgenes  knock-in mice in which a humanized and mutated APP
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Figure 1. Axon-oligodendrocyte coupling in health and neurodegenerative disease. (A) In the healthy central nervous system, oligodendrocytes provide
trophic support to axons by the transfer of energy-rich molecules (ie, lactate) from the oligodendroglial compartment to the axonal compart-
ment. Lactate is released into the periaxonal space via MCT1 and is taken up by axons via MCT2, where it is used to fuel mitochondrial respira-
tion. MBP acts as a zipper in the formation of compact myelin. In the neurodegenerative diseases AD (B), ALS (C), and MSA (D), pathological
protein aggregates accumulate in the oligodendroglial cytoplasm and in the periaxonal space which could physically disrupt motor-driven
transport and the free diffusion of metabolites (ie, lactate) from the oligodendroglial to the axonal compartment. In ALS, decreased expression
of MCT1 would directly impair the ability of oligodendrocytes to provide metabolic support to axons. Demyelination is observed in all three
diseases and it is associated with decreased expression of MBP in ALS and MSA. Impaired metabolic support together with mitochondrial
dysfunction leads to decreased ATP supply and subsequent axonal dysfunction. Abbreviations: AD; Alzheimer disease, ALS; amyotrophic lateral
sclerosis, FUS; fused in sarcoma, Glc; glucose, GLUTT; glucose transporter 1, Lac; lactate, MBP; myelin basic protein, MCT1; monocarboxyl-
ate transporter 1, MCT2; monocarboxylate transporter 2, MSA; multiple system atrophy, SOD1; superoxide dismutase 1, TDP43; transactive
response DNA binding protein 43, TPPP/p25c; tubulin polymerization-promoting protein/p25a.
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version is driven by the endogenous promotor.* There-
fore, these animal models should recapitulate human
amyloidosis more closely and will allow for exploring
the contribution of different cell types to cerebral A
load.

In summary, there is strong suggestive evidence
for oligodendrocyte and myelin disturbances in AD.
Bartzokis’ hypothesis of myelin breakdown initiating
AD was published before the role of oligodendroglia
in metabolic support of axons was known. Could age-
dependent pathological changes in oligodendrocytes
compromise this trophic support function rather than
myelination status per se? In support of this extended
hypothesis, it was shown that myelinic channels, which
are necessary for trophic support, are themselves vul-
nerable to aging, as evidenced by the striking downreg-
ulation of CNP in aged mice.* It is tempting to specu-
late about the role of dysfunctional metabolic coupling
of oligodendrocytes and axons in the manifestation of
AD: one plausible mechanism is a decline of trophic
support in aged and structurally perturbed myelin lead-
ing to axonal energy deprivation manifesting in impair-
ments of axonal transport, reduced lysosomal acidifica-
tion, and lysosomal degradation of BACE1 which then
exacerbates AP production. Such a mechanism would
be in accordance with different lines of evidence dem-
onstrating enhancement of Af production by phar-
macological energy deprivation,” reduction of axonal
transport rates® as well as impairments of lysosomal
trafficking.*® Metabolic support decline could affect
tau phosphorylation and accumulation by very similar
mechanisms.“*? Intriguingly, a recent study from the
Stys lab identified AP threads in the periaxonal space
underneath the myelin sheath in white-matter regions
in an AD mouse model.* While difficult to see micro-
scopically, it seems likely that such periaxonal AP ag-
gregates are a burden on both communication and
metabolite shuttling between the axon and the oligo-
dendrocyte/myelin compartment. This could for exam-
ple represent an early (premorbid) disease state of the
white matter, which is too densely packed to develop
“mature” AP plaques as observed in the gray-matter.
However, AP plaques do exist in the white matter in
both animal models and patients.* In the context of our
hypothesis of reduced metabolic support driving A
production, such findings could even argue for a vicious
circle between disruptive AP accumulation and func-
tional loss of oligodendrocyte-axon coupling.

Amyotrophic lateral sclerosis

ALS, also known as Lou Gehrig’s disease, is the most
common form of motor neuron disease. Characterized
by the progressive failure of the motor neurons re-
quired for normal muscle function, ALS is a very de-
bilitating and ultimately fatal condition. The majority
of ALS cases are sporadic, while only 10% of cases are
caused by inherited genetic mutations. To date, muta-
tions in over 20 different genes have been identified as
causative of familial ALS.* Of these, mutations in the
genes encoding superoxide dismutase 1 (SOD1), fused
in sarcoma (FUS), transactive response DNA bind-
ing protein 43 (TDP43), and hexanucleotide repeat
expansions in chromosome 9 open reading frame 72
(C90ORF72), have been the most widely studied. The
discovery of these disease-causing mutations has led
to the development of several ALS animal models, of
which the mutant SOD1 mouse model has been the
most widely used.* Both sporadic and familial forms
of the disease are clinically and pathologically similar,
therefore investigation into the pathogenesis of familial
ALS is likely to provide insight into both forms of the
disease.”’” Most intriguing is the fact that, although mu-
tant forms of these proteins are ubiquitously expressed,
one cell type (the motor neuron) is predominantly af-
fected. While the reasons for the heightened suscepti-
bility of motor neurons to familial ALS-causing muta-
tions remain unknown, the high energetic demand of
motor neurons is likely to be an important factor.
More recently it has been recognized that ALS is
a non-cell autonomous disease in which glial cells, in-
cluding astrocytes, microglia, and oligodendrocytes,
play an important role in disease pathogenesis.* Spe-
cifically, the role of oligodendrocytes in supporting
axonal energy metabolism, raises the possibility that
oligodendrocytes may play a hitherto underestimated
role in ALS that is characterized by the deterioration
of energy-hungry motor neurons. Some motor neurons
can be significantly long (>3 feet) and are therefore
particularly dependent on the metabolic support of oli-
godendrocytes.”® Indeed, there is a wealth of emerging
evidence demonstrating oligodendroglial dysfunction
in ALS, as reviewed in ref 49. Multiple recent studies
have demonstrated the presence of inclusions that con-
tain ALS-linked proteins within oligodendrocytes. For
example, several studies observed the presence of TDP-
43-containing oligodendroglial cytoplasmic inclusions
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in the motor cortex and spinal cord of ALS patients™-
and TDP-43 mutant mice.”® Another study found FUS-
containing oligodendroglial cytoplasmic inclusions in
the CNS of ALS patients with mutations in the FUS
gene, and the abundance of these inclusions correlated
with disease onset.** SOD1-containing cytoplasmic in-
clusions were also recently observed in cultured oligo-
dendrocytes derived from sporadic or familial ALS pa-
tients with mutations in the SODI or TDP-43 genes.”
Another study detected mutant SOD1 via immuno-
electron microscopy in the periaxonal oligodendroglial
cytoplasm of SOD1-G93A mutant mice.*® Taken to-
gether, these studies indicate that the presence of oligo-
dendroglial inclusions containing ALS-linked proteins
is a common pathological feature of multiple sporadic
and familial forms of ALS. This leads to the intriguing
hypothesis that aberrant protein aggregates in ALS
could physically disrupt motor driven transport and the
free diffusion of metabolites (ie, lactate) from the oligo-
dendroglial to the axonal compartment by “clogging”
myelinic channels.

Progressive gray-matter demyelination and reac-
tive changes in NG2+ oligodendrocyte progenitor cells
(OPCs) were observed in the motor cortex and spinal
cord of both sporadic and familial ALS patients as well
as in SOD1-G93A mutant mice.” Of particular inter-
est is the fact that oligodendrocytes in the spinal cord
of SOD1-G93A mutant mice start to degenerate be-
fore the first clinical symptoms of motor neuron degen-
eration are detectable.””’ Presumably, in an attempt
to compensate for this loss, OPCs exhibit increased
proliferation and differentiation in the spinal cord of
SOD1-G93A mutant mice, essentially replacing the lost
oligodendrocytes such that there is no overall change
in oligodendrocyte numbers.®* However, the newly
formed oligodendrocytes fail to mature, resulting in
progressive demyelination. Failure to mature is evi-
denced by decreased expression of proteins essential to
oligodendrocyte function, including MBP and MCT'1,*!
as illustrated in Figure 1. Decreased MCT1 expression
is thought to decrease the ability of oligodendrocytes to
export lactate/pyruvate and would therefore limit their
ability to provide metabolic support to the axons they
ensheath. This is consistent with the fact that decreased
MCT1 expression is only seen in affected ALS tissues
including the spinal cord and motor cortex while unaf-
fected brain regions show normal MCT1 levels. Indeed
the fact that the newly generated oligodendrocytes in

the SOD1-G93A mutant mouse spinal cord are often
associated with degenerating axons,” indicates that the
expression of mutant SOD1-G93A could impair the
ability of these oligodendrocytes to provide the neces-
sary trophic support to axons.

Lastly, evidence pointing to a key role for oligoden-
drocytes in precipitating ALS disease onset,comes from
a study which found that selective removal of mutant
SOD1 from NG2+ OPCs via PDGFRo-creER driven
recombination substantially delayed disease onset and
prolonged survival in ALS mice.”” This was associated
with a rescue in MCT1 expression at disease onset, indi-
cating that oligodendroglial metabolic support of axons
could play an important role at disease onset. Further
evidence to support this comes from a recent study
which showed that human-induced pluripotent stem
cell-derived (iPSC-derived) oligodendrocytes obtained
from both sporadic and familial (expressing either mu-
tant SOD1 or mutant TDP43) ALS patients were sig-
nificantly impaired in their ability to produce and re-
lease lactate into the extracellular environment, and
this decreased motor neuron survival in co-culture.”
These studies indicate that in a human neurodegenera-
tive disease oligodendroglial dysfunction likely acceler-
ates disease progression by depriving motor neurons of
essential metabolic support.

Multiple system atrophy

Multiple system atrophy (MSA) is a late-onset,
progressive, neurodegenerative disease involving mul-
tiple brain regions and systems including motor im-
pairment, behavioral alterations and autonomic dys-
function.® The majority of MSA cases are sporadic,
although a loss-of-function mutation in the COQ2 gene
which encodes the coenzyme Q10-sythesizing enzyme
4-hydroxybenzoate polyprenyltransferase has recent-
ly been linked to the disease in a Japanese cohort of
patients.®® Alongside Parkinson disease and dementia
with Lewy bodies, MSA is part of a large group of neu-
rological disorders known as o-synucleinopathies that
are characterized by the presence of a-synuclein pro-
tein aggregates.”” The postmortem diagnosis of MSA
is based on the identification of a-synuclein-positive
(oligodendro)glial cytoplasmic inclusions (GCls),
which are the distinctive pathological hallmark of the
disease.®® The pathogenesis of MSA remains poorly
understood, therefore replicating the disease in mouse
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models has been challenging.® To date, the most wide-
ly used mouse models of MSA involve the expression
of human a-synuclein from oligodendroglial promot-
ers (PLP, CNP, or MBP), all of which replicate the
a-synuclein-positive GClIs seen in MSA but fail to
fully replicate the disease phenotype.*

Unlike Parkinson disease where o-synuclein in-
clusions are mostly seen in neurons, the presence of
o-synuclein inclusions mostly in oligodendrocytes in
MSA led to the classification of the disease as a pri-
mary oligodendrogliopathy.® Although neuronal cy-
toplasmic inclusions (NCIs) containing o-synuclein
are less frequently found in MSA, the fact that the
distribution and severity of neurodegeneration re-
flects subregional GCI densities supports the view that
oligodendrocytes play a central role in disease patho-
genesis. Similar to Lewy bodies in Parkinson disease,
a-synuclein in GCIs in MSA is also phosphorylated
at residue Ser-129 and ubiquitinated.®** The gene for
o-synuclein is not abundantly expressed in mature oli-
godendrocytes,* but several studies have shown that
o-synuclein oligomers can be released by neurons and
then taken up by surrounding oligodendrocytes to
form GCIs.%% Indeed, recent evidence suggests that
misfolded o-synuclein may transcytose in a “prion-
like” fashion to spread the disease throughout the
nervous system. These studies also showed that MSA
patient-derived brain biopsy homogenates containing
o-synuclein, when injected into mice expressing hu-
man wild-type a-synuclein, triggered aggregation, and
phosphorylation of the wild-type o-synuclein which
initiated a neurodegenerative cascade.”””' Another
recent study found that oligodendroglial GCls-de-
rived o-synuclein was much more potent at inducing
o-synuclein aggregation in injected mice when com-
pared with neuronal Lewy body-derived a-synuclein.”
Furthermore, the same study also found that oligo-
dendrocytes but not neurons transformed misfolded
o-synuclein into a GCl-like strain, highlighting the
fact that oligodendrocytes play a central role in dis-
ease pathogenesis.

Demyelination throughout the nervous system is
frequently observed in MSA patients and is associated
with a reduction in myelin lipids, including sphingo-
myelin, sulfatide, and galactosylceramide, all of which
play an important role in myelin integrity and func-
tion.” Furthermore, alterations in the subcellular lo-
calization of tubulin polymerization-promoting pro-

tein/p250. (TPPP/p250) in MSA oligodendrocytes is
significantly correlated with decreased MBP expres-
sion in degenerating tracts,” as illustrated in Figure I.
TPPP/p25a is normally expressed in the nucleus, cyto-
plasm, and cellular processes of myelinating oligoden-
drocytes and functions in the stabilization of microtu-
bules and the differentiation of oligodendrocytes.”>7®
The relocation of TPPP/p25a from the nucleus and
myelin sheath to the oligodendroglial cytoplasm fol-
lowed by cytoplasmic accumulation of the protein
prior to the formation of o-synuclein aggregates, is
believed to be one of the earliest steps in the patho-
genesis of MSA.”7® Indeed, the interaction between
TPPP/p25a, a potent stimulator of o-synuclein ag-
gregation, and o-synuclein promotes its phosphoryla-
tion and aggregation into insoluble oligomers which
later form GCIs.”** Although the cause of TPPP/p25a
redistribution in MSA is unknown, one recent study
found that TPPP/p25a. co-localized with mitochondri-
al proteins in the oligodendroglial cytoplasm of both
sporadic MSA patients and one familial MSA patient
carrying mutations in the COQ?2 gene.® This indicates
that mitochondrial dysfunction may lead to secondary
TPPP/p25a. relocation in both sporadic and familial
forms of MSA.

The fact that neurons degenerate in MSA, a dis-
ease in which o-synuclein aggregates are primarily
found in oligodendrocytes and not in neurons, sug-
gests that o-synuclein aggregates in oligodendrocytes
perturb the ability of these cells to provide trophic
support to neurons. This is supported by a recent
study which found decreased expression of glial-de-
rived neurotrophic factor (GDNF) in transgenic mice
expressing human a-synuclein under the control of
an oligodendrocytic (MBP) promoter, but no change
in GDNF levels were observed in transgenic mice
expressing human a-synuclein under the control of
neuronal (PDGFB or mThyl) promoters.®? Consis-
tent with this, the same study also found decreased
GDNF expression in frontal cortex white matter and
in the cerebellum of MSA patients. Furthermore, in-
tracerebroventricular infusion of GDNF improved
behavioral deficits and ameliorated neurodegenera-
tive pathology in MBP-human-a-synuclein trans-
genic mice. Likewise, another study treated PLP-
human-a-synuclein transgenic mice with rasagiline,
a monoamine oxidase-B inhibitor that is reported to
increase expression of GDNE?® and found that the
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drug ameliorated motor deficits and significantly re-
duced neuronal loss in the striatum, substantia nigra
pars compacta, cerebellar cortex, pontine nuclei, and
inferior olives.’* Taken together, these studies indi-
cate that a-synuclein expression in oligodendrocytes
may impact the trophic support provided by oligo-
dendrocytes to neurons, thereby contributing to neu-
rodegeneration in MSA.

Conclusion

The emerging role of oligodendrocytes as key play-
ers that provide tropic support to neuronal axons has
paved the way for a better understanding of the contri-
bution of dysfunctional axon-oligodendrocyte coupling
in neurodegenerative diseases. Here we have reviewed
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Un papel emergente del acoplamiento
disfuncional axon-oligodendrocito en las
enfermedades neurodegenerativas

La mielina es producida por células gliales altamente es-
pecializadas y permite la propagacion rapida del impul-
so axonal. Estudios recientes muestran que los oligoden-
drocitos en el sistema nervioso central son, junto con la
mielinizacidn, necesarios para la integridad y sobrevida
de los axones, independientemente de la presencia o
ausencia de mielina. El mecanismo que subyace a este
soporte esta dado por oligodendrocitos glicoliticos que
aportan a los axones metabolitos ricos en energia. Es-
tos hallazgos representan un cambio de paradigma para
la funcidn fisioldgica de la glia asociada a los axones, y
abre la intrigante posibilidad que los oligodendrocitos
sean importantes contribuyentes a las enfermedades
neurodegenerativas en que se pierden los axones mieli-
nizados, como la Enfermedad de Alzheimer, la esclerosis
lateral amiotrdfica y la atrofia de multiples sistemas. La
comprension del papel del acoplamiento del oligoden-
drocito con el axdn en las enfermedades neurodegene-
rativas puede abrir la via para el desarrollo de aproxima-
ciones terapéuticas basadas en el metabolismo.

La perte du couplage axone-oligodendrocyte
jouerait un réle nouveau dans les maladies
neurodégénératives

Fabriquée par des cellules gliales trés spécialisées, la
myéline permet la propagation rapide de I'influx axo-
nal. D'aprés des études récentes, les oligodendrocytes
du systéme nerveux central sont nécessaires, outre a la
myélinisation, a I'intégrité et a la survie des axones, indé-
pendamment de la présence ou non de myéline. Les oli-
godendrocytes glycolytiques, apportant aux axones des
métabolites riches en énergie, en forment le mécanisme
sous-jacent. Ces résultats représentent un changement
de paradigme pour la fonction physiologique de la glie
associée aux axones. De maniére tres intéressante, les
oligodendrocytes pourraient participer de facon impor-
tante aux maladies neurodégénératives dans lesquelles
il y a une perte d’axones myélinisés comme la maladie
d’Alzheimer, la sclérose latérale amyotrophique et les
atrophies multiples de systeme. Comprendre le réle du
couplage axone-oligodendrocytes dans les maladies
neurodégénératives peut ouvrir la voie du développe-
ment de traitements basés sur le métabolisme.






