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Abstract

Demyelination is the loss of myelin, the lipid-dominant sheaths that surround and insulate neuronal
axons so they can effectively transmit electrical signals. Neurological deficits such as visual abnormalities,
weakness, altered feeling, and behavioral or cognitive issues can result from myelin loss. Demyelinating
diseases affect the brain and/or spinal cord collectively known as the central nervous system (CNS) and more
specifically the white matter part of it, where axonal tracts predominate. The anatomical region that is
often overlooked is the cortical gray matter as this is where all the primary neuronal bodies are aggregated.
Cortical demyelination has been described in Multiple sclerosis (MS), however evidence implicates more
CNS diseases, both under inflammatory conditions or not, ultimately leading to neurodegeneration. This
review article investigates the available data of cortical demyelination in some common neurodegenerative

disorders.

Keywords: demyelination; cortex; neurodegeneration; neuroinflammation; diseases

1. Introduction

Neurodegenerative diseases, principally defined by
significant neuronal cell malfunction or death, include
a variety of clinical perturbations and ultimately lead
to a variety of neurologic and motor deficits. The
majority of these disorders are currently incurable,
however there has been remarkable progress in the
field of medicine, both at the clinical and research
level [1]-[3]. Recent studies suggest that there’s a
genetic or perhaps epigenetic basis therein [4], [5].
With regards to core pathophysiology, demyelination,
which is the gradual destruction of myelin sheaths
around axons, is mediated by various agents such
as proteolytic enzymes, matrix metalloproteinases,
cytokines, oxidative products, and free radicals. This
pro-inflammatory, pathological milieu is enhanced
by subsequent recruitment of additional cells in the
CNS, including microglia and other immune cells
from the periphery. It has been noted that, aside
from this aspect of neuroinflammation and the
stimulation of cell death signaling pathways, most
neurodegenerative diseases appear to have certain
unique cellular and molecular hallmarks.

Specifically, one of the most frequently found
features of neurodegeneration is the pathological
protein aggregation and protein misfolding,
collectively termed as proteinopathy [6], [7]. Indeed,
the mammalian brain and the entire human body
depend on the process of cellular proteostasis, whose
dysregulation eventually leads to the accumulation
of pathologically related proteins that eventually
harm neurons. Additionally, autophagy, a lysosome-

dependent degradative process that seeks to eliminate
protein aggregation, is a significant clinical signature
that is present in the majority of neurodegenerative
diseases [8], [9]. Failed orchestration of mechanisms
implicating autophagy and apoptosis has been linked
to a number of neuropathies, including Amyotrophic
Lateral Sclerosis, Alzheimer's and Parkinson’s disease.
Other hallmarks of neurodegeneration include energy
perturbation based on mitochondrial dysfunction,
cytoskeletal abnormalities and DNA defects through
genomic instability.

On the other hand, neurodegeneration is
considered to be a hallmark of aging, referred to
as the biological process which is responsible for
the accumulation of damage within cells [10].
Demyelination can be a significant part of it as it
can accelerate the neuronal death contributing to
functional decline. Demyelination of spinal cord
white matter tracts has been extensively described
in various CNS demyelinating neuroinflammatory and
non-inflammatory mediated diseases [11]. What has
not been widely assessed and described to this date
is the gray matter demyelination or more precisely-
put, cortical demyelination. This review aims to
delineate the contribution of cortical demyelination
in neurodegenerative diseases.

2. Inflammatory-based CNS demyelinating
diseases

2.1 Multiple Sclerosis (MS)
Multiple sclerosis is a chronic neuroinflammatory
disease of the CNS that has an important
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degenerative component. It was first described in
1868 by Jean-Martin Charcot [12]. It affects more
than 2 million people worldwide and it is the most
common neurological disability of young adults
[13]. The name multiple sclerosis refers to the
histopathological hallmark of the disease which is
the presence of sclerotic plaques or lesions in the CNS
[12]. Lesions occur both in the white and gray matter
[14]. Gray matter lesions are not as inflammatory as
white matter lesions; they may occur in the absence
of bulk lymphocyte infiltration [4,5] and blood-brain
barrier disruption [17] .

Until recently, gray matter lesions were overlooked,
as they were undetectable by the use of standard
MRI techniques. However, ultra-high field 7 T MRI
has improved their detection in vivo, and a growing
number of recent histopathological studies have
convincingly shown that gray matter areas are
severely affected in MS. Nowadays, we know that
gray matter damage starts early in the disease
and it is typically observed in 40 - 70% of chronic
MS patients. The gradual progression of cortical
demyelination seems to correlate with the increase
in the duration of the disease and the age of the
patient accordingly. Neuronal damage and loss have
been described in gray matter areas of the cortex
and deep gray matter based on density, size and
shape of Nissl-stained neurons, as well as density of
synaptophysin-labeled synapses. The extent of lesion
load in the gray matter corresponds to cognitive
impairment, including memory deficits [18] .

Grey matter lesions, either cortical or deep gray
matter, are classified based on the location into
leukocortical, intracortical, subpial and pancortical.
The leukocortical or type | lesion is a mixed white
matter/gray matter lesion. The intracortical or type
Il lesion is a purely cortical lesion that often develops
around a penetrating cortical blood vessel. The
subpial or type Ill lesion is a purely cortical lesion
extending from the pia mater towards the subcortical
white matter, without involving the subcortical white
matter. A lesion which extends from the pia mater
and spans the whole cortex and the subcortical white
matter is named pancortical or type IV lesion and it
is another type of leukocortical lesion [8,9].

Subpial demyelinating lesions are commonly seen
in chronic MS. Several exciting hypotheses trying to
explain the origins of gray matter pathology were
proposed including meningeal inflammation as a
cause of subpial cortical damage, but also selective
vulnerability of neuronal subpopulations, growth
factor dysregulation, glutamate excitotoxicity,
mitochondrial abnormalities, and the "use-it-and-
lose-it” principle [21]. Meningeal inflammation
has been associated with the slow accumulation
of both T- and B-lymphocytes in the meninges
and the large perivascular Virchow-Robin spaces,
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leading to the formation of aggregates similar to
lymphoid follicles, where CD8+ T-cells remain as
tissue resident cells. It has been suggested that CD8+
T-lymphocytes might be capable of releasing soluble
neurotoxic inflammatory mediators, causing both
neuroinflammation and neurodegeneration [22].
However, a study examining whether meningeal and
cortical inflammation accompanied by oxidative stress
could lead to the development of widespread subpial
demyelination showed that these factors alone are
insufficient [23].

In the past years, great progress has been
made both in the detection and the evaluation of
cortical demyelinating lesions. However, several
crucial questions remain unanswered regarding the
underlying mechanism of subpial demyelination,
including the potential regulatory functions of these
resident lymphoid cells, the identification of specific
neurotoxic molecules involved in the inflammatory
process, and the detection of specific antigens.
Nevertheless, further research is needed in order
to answer these questions and shed light on the
pathogenesis of cortical demyelination in MS [24] .

2.2 Neuromyelitis optica spectrum disorder
(NMOSD)

Neuromyelitics optica (NMO) is an aggressive
autoimmune disorder of the central nervous system
that affects the optic nerves and the spinal cord
causing respectively visual and motor disabilities. [25]
NMO mistakenly used to be considered as an optic-
spinal subtype of multiple sclerosis (MS) because of
their clinical similarities. [26] Those diseases were
pathogenetically distinct because of the discovery of
NMO-immunoglobulins (NMO-IgGs) that target the
antigen aquaporin-4 (AQP4) in patients with NMOSD
(Neuromyelitis optica spectrum disorder) and not the
ones with the classical MS. [26], [27]

Despite the heavily concentrated expression of
AQP4 in the normal cortex of patients with NMOSD,
there were not found any cortical demyelination
neither with immunohistochemical analysis nor with
neuroimaging findings.[28]-[30] That is why in cases
of suspected inflammatory cortical demyelination
where there are found white and gray brain lesions it
is common to address a diagnosis of MS rather than
NMOSD. [31] The absence of cortical demyelination
might be related with the inability of NMOSD to
evolve in a secondary progressive phase, in contrast
to MS which is directly related to the cortical
pathology. [32]

There are few studies that are engaged with some
gray matter structures, such as hypothalamus, in
patients with demyelinating conditions, that seems
to be involved in NMOSD. Also those studies show
that hypothalamus involvement is more common in
NMO than in MS. [33] Although most reports about
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hypothalamus demyelination used to be reported for
MS, some researchers considered that lesions of the
hypothalamus might be more relevant for NMO, as
the hypothalamic area corresponded to brain regions
of high AQP4. [33], [34] Furthermore, in NMO, spinal
cord MRI lesions in the acute stage usually occupy
more than half of the vertebral segments that are
mainly involved in the central gray matter. Higher
range of lesions is identified at the central gray
matter region, during the chronic stage. Most lesions
had a higher density in the central gray matter region
that corresponded to abundant AQP4 located in
the spinal gray matter than in the peripheral white
matter regions. [35]

2.3 Acute disseminated encephalomyelitis
(ADEM)

Acute disseminated encephalomyelitis (ADEM) is
an acute inflammatory demyelinating disease of the
central nervous system (CNS). [36] It usually makes
its appearance after an infectious illness or rarely
after a vaccination and it occurs mainly in children,
while in adults the disease’s characteristics are slightly
different from the pediatric cases.[37] Sometimes it
is misdiagnosed and it is considered to be made a
diagnosis of multiple sclerosis, since the symptoms
and the modified white matter image may be similar.
[38] But, because of its rarely relapsing form, ADEM
is considered to be a monophasic disease, making
it easier to distinguish its diagnosis from multiple
sclerosis (MS). [36]

ADEM affects mostly the white matter and it
is immunologically arising, destroying the myelin
sheath of neuronal cells. MRI reveals intense lesions
in the subcortical white matter of the brain. In rare
cases, gray matter may also be affected. Lesions are
mostly considered in the centrum semiovale of the
cortical gray and white matter, the cerebellum, the
brainstem, and the spinal cord, while there are some
lesions that affect the gray matter structures such
as the basal ganglia, the thalamus and the putamen
which is most frequently involved. [39] Results from
MRI analyses have shown that putamen lesions
are more common to ADEM in contrast with MS,
indicating that putamen involvement might be
helpful in differentiating ADEM from MS. Also, from
the MRI results it was obvious that there were larger
thalamus lesions for ADEM in the pediatric studies
as opposed to MS. [34]

There are also some published cases that mention
the involvement of gray matter as an initial imaging
feature in ADEM. In these cases both cortical and
deep gray structures were involved in this disease.
[40] About 30% of ADEM cases seem to have cerebral
cortex lesions but also lesions are shown in the spinal
cord. Some of these lesions may be found in the gray
matter or the white matter or some involve both. [41]

Mandora, Evgenia Katsika, Maria Nella, llias Salamotas, lliana Michailidou,
Evangelia Kesidou, Christos Bakirtzis, Marina Boziki, Nikolaos Grigoriadis

2.4 Transverse myelitis (TM)

Transverse myelitis (TM) is a rare spinal cord
neurological disorder brought by inflammation and
can have devastating consequences on the nervous
system, leaving up to two-thirds of patients with
severe residual disability. Patients might exhibit
sensory disturbance, weakness, and autonomic
dysfunction, such as issues with bowel and bladder
function, irregular body temperature, or even brief
episodes of hypertension [42], [43].

The etiologies of TM can be roughly categorized as
acquired demyelinating illnesses like multiple sclerosis
(MS) or neuromyelitis optica (NMO), parainfectious,
paraneoplastic, drug- or toxin-induced, and systemic
autoimmune disorders (SAIDs). TM is frequently
caused by multiple sclerosis (MS), which is known
to affect women more frequently than it does men.
Additionally, there are non-inflammatory etiologies
(such as vascular and metabolic) that can mimic
the radiographic and clinical features of TM. [44]
Although TM can strike at any age, its incidence
peaks bimodally in the second and fourth decades of
life, and the propensity relies on the underlying cause
of the lesion. Acute demyelinating encephalomyelitis
preferentially develops in children under the age of
ten [43], [44].

Although TM when an infection has been ruled
out, it can be caused by a demyelinating disease
or a systemic autoimmune illness like: MS, NMO,
idiopathic transverse myelitis, acute disseminated
encephalomyelitis, an antecedent vaccine
(postvaccinal myelitis), or other systemic inflammatory
diseases [43], there are not many cases reported
in TM about demyelination. However, in addition
to gray matter involvement, histopathology, from
clinicopathological case reports and autopsy studies
on TM, is defined by demyelination and axonal
loss.[45] In other fatal cases, pathological analyses
showed inflammatory cells and demyelination and in
one patient the spinal cord was examined after death
and found to have suffered substantial axonal loss,
mild demyelination, and a mononuclear infiltrate,
primarily T lymphocytes, in the nerve roots and spinal
ganglia. [46]

2.5 Cerebral adrenoleukodystrophy (CALD)

Adrenoleukodystrophy (ALD) is a rare X-linked
peroxisomal disorder caused by pathogenic
variations in the ABCD1 gene and has three main
clinical syndromes: cerebral ALD, primary adrenal
insufficiency and myelopathy. Cerebral ALD (CALD)
affects about 40% of male patients before the
age of 18 and is a serious neuroinflammatory
disorder that is usually fatal without treatment and
progresses over time.[47], [48] Hematopoietic stem
cell transplantation (HSCT) is the main treatment that
can slow the advancement of cerebral ALD only when
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HSCT is carried out early in the course of the disease.
[1] Cerebral adrenoleukodystrophy is characterized
by demyelination and neurodegeneration and the
diagnosis is established by MRI where demyelinating
brain lesions are primarily observed in the parieto-
occipital white matter but occasionally lesions are
observed in the frontal white matter.[1], [49], [50]
Also, beyond the parieto-occipital white matter, there
are large areas of demyelination in the splenium
of the corpus callosum.[51] Finally, in cerebral
adrenoleukodystrophy with progressive inflammatory
demyelination it was found to be associated with
dysfunction of the blood-brain barrier.[52]

2.6 Progressive multifocal leukoencephalopathy
(PML)

Progressive multifocal leukoencephalopathy
(PML) is a fatal central nervous system (CNS)
demyelinating illness that manifests in
immunosuppressed patients [53]. Although PML
has been classified as a white matter illness, it is
characterized by signs of cortical involvement such
as neurocognitive and behavioral problems, cortical
blindness, seizures, and aphasia. PML lesions appear
to show a tendency to gray-white junction. Already,
several studies regarding PML have described
the extension of white matter lesions over the
cerebral cortex. However the relative insensitivity of
conventional MRI sequences hindered the accurate
description of cortical demyelination. Furthermore,
no intracortical PML lesions had been reported.
A comparative analysis of postmortem autopsy
brain tissue taken from patients with MS and PML
elucidated the presence of cortical lesions in both
diseases. Among 442 cortical lesions found in
paraffin tissue section from HIV-positive individuals
with PML, 259 were intracortical, whereas 183
were leukocortical. These findings suggest that
cortical demyelination along with inflammation
and neuritic pathology are responsible for the
neurologic signs and symptoms in HIV-positive
PML [54]. Other’s study findings shed new light
on JCV biology in the CNS and significantly extend
on prior case reports of cortical neuron involvement
in JCV infection. More specifically JCV regulatory
T antigen (Ag) was found to be more abundant in
cortical neurons than VP1 capsid protein while in
the control PML negative participants there were
no JCV-expressing cells. Thus, it is demonstrated
that PML demyelinating lesions are common in
the cerebral cortex, and JCV infection of cortical
neurons is usual in PML patients. Moreover the
prevalence of T Ag over VP1 expression supports a
neuroprotective infection. Considering all the above
the researchers concluded that JCV infection of
cerebral cortical neurons is a previously unknown
component of PML pathogenesis [55].
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3. Non-Inflammatory neurodegenerative
diseases

3.1 Alzheimer’s Disease

Alzheimer's disease (AD), the most common form
of dementia, is a neurodegenerative disorder that
originates from the pathological buildup of amyloid
beta (AB). This buildup of AB is observed in areas
that are affected the most, like the medial temporal
lobe, hippocampus, and neocortical structures
leading to tau pathology, neuronal death, and
neurodegeneration. As such, AD is characterized by
an observable, through MRI decrease in gray matter
volume even in early stages of the disease [56]-
[58]. White matter abnormalities in AD, like white
matter hyperintensities observed in T2-weighted MRI
imaging, have been shown to be a useful tool in
early detection. They appear at the same time that
AD-related protein abnormalities are detectable In
the CSF and can predict the rate of cognitive decline
in AD patients. These white matter hyperintensities,
histopathologically, can be interpreted as myelin loss,
myelin pallor, and loss of myelinated axons while
they are associated with cortical degeneration.
Postmortem analysis of AD brains when compared
to non-dementia brains shows myelin proteins like
MBP, PLP, CNPase and cholesterol are significantly
decreased [59], [60]. Myelin degeneration in AD has
been evident in frontal and temporal lobes while in
the AD cortex axon degeneration and amyloid plaque
formation contribute significantly to myelin deficits
[61], [62]. These myelin deficiencies can be attributed
to a loss of oligodendrocytes, especially of the Olig2+
lineage, as postmortem analyses have shown [63].
In the cortical gray matter, demyelination has been
observed using immunostainings and histological
methods in AD patients and animal models [64].
While the literature suggests clear evidence of
demyelination in the white matter of AD brains, the
role of myelin loss in the degeneration of cortical
gray matter has yet to be elucidated.

3.2 Parkinson'’s Disease

Parkinson’s disease (PD) is a neurological condition
that progresses over time and mostly affects
dopaminergic neurons. PD is thought to be a disease
that primarily affects gray matter, specifically the
dopaminergic neurons that control motor function
[65]. However, it is unclear if PD affects the way
that morphological networks in gray matter (GM)
are organized topologically [66], [67]. The death
of dopaminergic neurons in the substantia nigra,
striatum, and other dopaminergic nuclei is believed
to be the main etiological in the pathology of
PD. While studying morphological changes in the
GM, as they relate to cognitive decline in PD. GM
changes were only visible between the cognitive
intact group and the group with the most severe
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cognitive decline. The researchers [68] noted
that alterations in the gray matter may not be as
significant as once thought. Atrophy is common in
PD, more specifically, both the early and intermediate
stages of PD include cortical atrophy at baseline, with
early PD patients only exhibiting increasing cortical
atrophy over a few years in the basal ganglia [69].
A recent study by Xie and others [70] found that in
the cingulate cortex of PD patients, genes critical for
oligodendrocyte differentiation and myelin formation
were downregulated with oligodendrocytes being the
only cell type affected in the cortex. The evidence for
demyelination in the GM of PD patients is scarce as
it is often an overlooked yet potentially important
aspect of the disease.

3.3 Amyotrophic lateral sclerosis (ALS)

ALS is a debilitating motor neuron disease
(MND) which affects both the upper and lower
motor neurons. Accumulating evidence supports
the profound demyelination in cortical areas of
ALS patients which gradually leads to extended
axonal loss and neurodegeneration [71]. reported
evident myelin alterations in subcortical white
matter of primary motor cortex (PMC) of ALS
patients correlated to atypical signal patterns in
MRI measurements. Close examination of myelin in
ALS imaging exploratory study identified structural
changes in myelin composition within the frontal lobe
projections and anterior corpus callosum. Changes
were associated with cognitive impairment in the
ALS group [72]. Transmission electron microscope
data also support the increased LFB absorption
found in ALS in subcortical white matter of the
PMC [71]. Cortical demyelination pattern of ALS
also involves abundant aggregate accumulation in
oligodendrocytes (OLs), the myelin-producing cells
of the CNS. Demyelination process is mediated
through ubiquitin-positive aggregates in the middle
and deep layers of the motor cortex [73], aggregates
immunoreactive for TDP-43, ubiquitin and p62 in
OLs in frontal and temporal lobe white matter [74]
,[75]. A high burden of OL inclusions was reported
in the prefrontal cortex and precentral gyrus of ALS
patients. Moreover, FUS inclusions were also found
in OL cytoplasm in patients with ALS [76]. Such
cytoplasmic inclusions in OLs indicate the dysfunction
of those specialized myelin seething cells which
eventually lead to alterations in Oligodendrocyte
progenitor cells (OPCs) observed in the motor
cortex and progressive gray-matter demyelination
in both sporadic and familial ALS patients as well
as in SOD1G93A mice [77], [78], [79]. Pathological
state of OLs is correlated to extensive demyelination
with focal loss of myelin in motor cortex gray matter
accompanied with reactive changes in NG2+ OPCs
in motor cortex [79]. However, the exact timing and
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extent of the oligodendrocyte dysfunction in ALS
patients and rodent models remains elusive.

3.4 Spinal muscular atrophy (SMA)

SMA is a rare debilitating monogenic disorder
that affects mainly lower motor neurons and
arises due to SMN insufficiency. SMN-depletion in
a severe model of SMA did not affect any aspect
of OL development and function. Quantification of
mature MBP-expressing OLs in cortical white matter,
specifically in corpus callosum, indicated that SMN
absence did not alter OL growth nor migratory
capacity of primary OPCs [80]. Thus, differentiation
and morphological maturation of OLs in primary
culture were also unaffected. These limited data
supported that OL myelinating capacity in vitro was
intact and so was OL maturation in vivo [80]. From
another point of view SMN is a housekeeping protein
with vital role in SMN complex assembly and interacts
with dimethylarginine-containing protein targets
[81]. Among them symmetrical dimethylarginine
has been identified in myelin basic protein (MBP)
[82], a protein that has been correlated with neuro
demyelinating diseases. Moreover, other reports
mention that availability of methyl donors such
as S-adenosyl-L-methionine (SAM), affects myelin
formation [83]. These findings raise the hypothesis
that hypomethylation of proteins or even other
post-translational modifications are involved in
SMA pathology and other demyelinating diseases.
Impaired functions in SMA were well established for
PNS but limited reports are available for myelination
process in cortex so it remains elusive whether these
findings are extended to other CNS regions.

4. Summary

Demyelination is a key element of many
neurodegenerative diseases of the CNS, especially
those that involve an inflammatory component
such as typical forms of MS, NMOSD, ADEM and
other idiopathic inflammatory-based disorders. Non-
Inflammatory neurodegenerative diseases such as AD,
PD and other MNDs also showcase demyelination
patterns in their respective phenotypes. For the
most part, demyelination concerns the white matter
tracts as the myelin sheaths are the ones that are
insulted under these circumstances, propagating a
malfunctioned signal towards the particular target
cells. However, the brain cortical region which basically
includes the cell bodies of these neurons, have been
just only recently investigated for demyelination
patterns, in the aforementioned CNS disorders.
Both primary experimental research and diagnoses
emanating from CTs (computed tomography) and
MRIs (magnetic resonance imaging) exams of clinical
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trials are both used towards identifying more brain
regions involved. As these techniques get better
with the development of technology and artificial
intelligence (Al), this will give the opportunity to look
into uncharted territories of cortical demyelination
and how much of this malfunction contributes in the

respective neurodegenerative phenotype.
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Abstract

Cortical interneurons constitute a highly diverse group of neurons accounting for 50 or more subtypes
expressing y-aminobutyric acid (GABA), the inhibitory neurotransmitter. Interneurons control brain
function, as they contribute to the balance between excitation and inhibition, an equilibrium crucial for the
maintenance of brain connectivity. Interneurons have recently been spotlighted due to their myelination
pattern. Indeed, technological advances allowed the detailed study of interneuron myelination, which
revealed differences both in composition but also in distribution along the axon and as a consequence, in
function. In this review we aim to present recent work on interneuron myelination and its implication in
brain disorders including multiple sclerosis, autism, epilepsy and schizophrenia. Although the contribution
of both interneurons and myelination in the generation or progression of various brain disorders is widely
known, the extent to which myelination of interneurons may underlie the etiology of such pathologies
remains debatable. The investigation of the role of interneuron myelination in diseases, is an emerging

active area of research in neurosciences.

Key words: Interneuron myelination, multiple sclerosis, schizophrenia, autism, epilepsy

Introduction

Interneurons (INs) (also known as GABAergic neu-
rons) account for approximately 20-30% of cortical
neurons and they demonstrate characteristic vari-
ety [1]. They express the inhibitory neurotransmitter
GABA (y-aminobutyric acid). Together with projection
neurons, interneurons are responsible for the equilibri-
um between excitation and inhibition (E/I), two oppo-
site forces underlying the proper establishment of cor-
tical circuity and, consequently, of brain function [2].
Given the fact that interneurons form synapses with
high numbers of neurons [3], their dysfunction is
strictly correlated with neurological diseases. Indeed,
INs are implicated in disorders such as schizophrenia,
bipolar disorder, depression, and epilepsy [4-7]. These
pathologies are attributed to E/I imbalance due to
both genetic (loss of function mutations and dele-
tions) and non-genetic reasons (environmental and
physiological processes such as epigenetic changes)
[8]. Interestingly, recent studies demonstrated that
E/l balance is disrupted due to hypomyelination of
interneurons in the A1 cortical circuits [9]. The ex-
tent of IN myelination has been appreciated recently
thus it has come to the forefront of research aimed
at understanding the role of myelination in cortical
interneurons as well as investigating its role in brain
disorders. In this review we will summarize important
information firstly about cortical interneuron myelina-
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tion and secondly on its implication in neurological
diseases namely multiple sclerosis, schizophrenia,
autism and epilepsy.

Myelination of cortical interneurons
in the central nervous system (CNS)

Cortical interneurons exhibit characteristic
diversity which permits their classification in
discrete categories based on a) morphology, b)
molecular components such as the expression of
calcium-binding proteins (calbindin, calretinin,
parvalbumin), or neuropeptides (neuropeptide-
Y, vasoactive intestinal peptide, cholecystokinin
and somatostatin) and/or other molecules and )
physiological parameters including their intrinsic
features, in particular their firing properties [10,
11]. Although cortical interneuron classification
and nomenclature remain still debatable, almost
all cortical interneurons would either express the
Ca?* binding protein, parvalbumin (PV*), or the
neuropeptide somatostatin (SST+), or the ionotropic
serotonin receptor 5HT3a (5HT3aR) [12].

Among those, parvalbumin (PV+) and somatostatin
(SST) expressing INs have recently been spotlighted
because their axons have found to be myelinated [13].
Despite the fact that interneuron myelination has first
mentioned back in the 1980s [14, 15], technological
advances enabled its detailed study only recently.
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Myelination of interneurons differs within the
different brain areas. In the somatosensory cortex
of mice, namely in layers I/Ill, approximately 50%
of myelin is attributed to parvalbumin interneurons
(PV*INs), while in the hippocampus this percentage
reaches 80%. On the contrary, SST+ and VIP*INs
myelination levels are significantly lower [13, 16].
Myelinated GABAergic axons are found not only
in the cortex and hippocampus but also in the rat
medial septum [17] and the entorhinal cortex [18].
In humans, myelinated interneurons are found in
the cortex [16, 19, 20], but overall, interneuron
myelination is of lower density when compared to
the mouse cortex, except for the superficial layer [16].

Myelin of interneurons differs from that of
excitatory neurons in composition, as myelin basic
protein (MBP) is found to be 20% higher in GABA-
expressing neurons (while proteolipid protein (PLP)
is similar), and in molecular organization [21-23].
Additionally, myelinated interneurons are richer
in cytoskeletal elements such as neurofilaments
rather than in microtubules while myelinated
segments of INs are located close to the cell
body compared to more distal parts of the axon
[13, 16]. Interestingly, different interneuron
subtypes show individual patterns of myelination,
which is in accordance with the assumption
that oligodendrocytes (OLs) can recognize the
unigueness of their interneuron axonal targets [24].

Such differences raise many questions in the field
and render interneuron myelination a scientific area
of high interest. Scientists have been focusing again
on interneuron myelination since 2016 aiming to
determine the significance of myelin for these neurons.

Myelin serves as a core structure for the fast
propagation of action potentials. Myelin also supports
metabolically fast spiking interneurons so that they
can meet their high energy demands [13]. This notion
is supported by the high number of mitochondria
and the strong expression of 2 3 -cyclic nucleotide
3 -phosphodiesterase (CNP) within their axons [19].
Recent work revealed the implication of myelin in
both axonal conduction and neurotransmission of
interneurons. Indeed, myelination of PV+ basket
cells increases conduction velocity to an important
level [25] and dysfunctional myelin affects IN firing
suggesting that their maturation is impaired.
Importantly, myelination impairment through
perturbation of PV-OL communication disrupts
neuronal connectivity and as a consequence inhibits
sensory processing [26]. Additionally, Dubey and
colleagues, using demyelination and dysmyelination
models, noticed reduced presynaptic terminals in
PV-expressing interneurons, and increased signal
transduction impairments. Interestingly, interneuron
myelination strengthens pyramidal neuron inhibition
and adjusts local connectivity synchronization [27].
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Figure 1: Immunohistochemistry of the Hippocampal Formation
(HPF) in adult (2mo) mice: Staining for PV-INs (Red), Myelin Basic
Protein (MBP) (green), TOPRO (blue). Scale bar 400um.

Cortical Interneuron myelination
in neurological diseases

As mentioned above, cortical interneurons are
implicated in diverse pathologies of the nervous
system. Deficits in processes such as migration,
development, physiology of interneurons are
considered crucial in a number of neurodevelopmental
pathologies including epileptic encephalopathies.
This causative interneuron profile contributed to the
generation of the term “interneuropathies” [28].
These pathologies are split into two subcategories,
namely primary and secondary interneuropathies.
In the former, scientists are referring to pathologies
preferentially targeting interneurons, while in the
latter interneuron dysfunction is thought to be the
consequence of the disease process [29]. In recent
years, interneuropathies have been expanded
not only to include epilepsies but also to other
neurodevelopmental disorders, such as autism
spectrum disorder (ASD), schizophrenia [29] and
multiple sclerosis (MS).

MULTIPLE SCLEROSIS

MS is the most common autoimmune disorder
causing neurodegeneration. It is characterized by
both inflammation and demyelination and it accounts
for 2.3 million cases globally [30]. Importantly,
in the motor cortex of patients with MS, motor
dysfunction is related to increased excitatory and
reduced inhibitory transmission, possibly leading
to variable consequences [31]. The effectiveness
of MRI scans enabled the detection of excitatory
neuron demyelination not only in the white
(WM), but also in the grey matter (GM) [32, 33].
Interestingly, different neuronal populations, settled
in both WM and GM, have different myelination
patterns (complete or discontinuous myelination)
[13, 16, 19, 34] suggesting selective or assorted
susceptibility to demyelination and degeneration
later on [35]. Currently, single-nucleus RNA
sequencing studies not only in WM but also in GM
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of patients with MS, revealed differences in gene
expression among cellular populations. Of note,
CUX-2-expressing excitatory neurons located in
the upper cortical layers were mostly affected by
inflammation compared to other cell populations
such as interneurons [36]. Contrary to that, detailed
investigation of GM myelination in post-mortem
tissue from patients with secondary progressive MS
and healthy individuals, showed reduced Parvalbumin
(PV+) and Somatostatin (SST+)-expressing Interneuron
(IN) density and decreased number of inhibitory
synapses as well [35].

SCHIZOPHRENIA

Schizophrenia (SZ) is a highly heterogenous
and complex brain disorder that implicates both
behavioral and cognitive dysfunction [37] while
approximately 1% of the population suffers from this
devastating condition. There are many hypotheses
proposed as possible underlying causes for SZ and
among those, IN dysfunction is a prominent one
[38]. Results from genetic [39], postmortem [40-
42], in vivo electrophysiological analysis in human
tissue together with translational studies in rodents
[43] render interneuron dysfunction a sufficient
reason for the generation and progression of the
disease. At the same time, myelin abnormalities
have also been reported in patients with SZ [44,
45]. The precise propagation of action potentials
(APs), energy supplies that support the demanding
IN activity and their labyrinthine arborization are
important characteristics that are strictly correlated
with IN myelination and, consequently, with the
formation and functionality of inhibitory networks
especially those generated among cortex, thalamus
and striatum [46].

Studies in the medial prefrontal cortex (mPFC)
in rat models of SZ showed cognitive behavior
impairments together with a decrease in the
number of myelinating oligodendrocytes and
myelinated parvalbumin axons. Although PV-INs
have been found to be hypomyelinated in mPFC
during development, environmental enrichment is
capable of restoring hypomyelination and cognitive
disabilities [47]. Interestingly, the first detailed study
on grey matter (GM) cortical myelination, mainly
composed of inhibitory neurons, in first-episode
treatment-naive patients with schizophrenia
(FES) shows remarkable differences in the level of
myelination within the sub-areas of cerebral cortex.
More precisely, high myelin content was detected
in distinct areas of the parietal and temporal lobes,
while lower in the cingulate and insular cortices [48].

AUTISM SPECTRUM DISORDER

Autism Spectrum Disorder (ASD) is a heterogenous
neurodevelopmental brain disorder that affects 1.6%
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[49] of children worldwide. Both INs and myelin
formation along the axons could be the etiology
of ASD or autism-related syndromes such as Fragile
X syndrome (FXS). Impaired IN function and as a
consequence, E/l imbalance, play a key role in the
development of ASD [50]. Besides INs, in patients
with ASD, distinct brain areas present different myelin
volumes either increased or decreased which can be
attributed to defects in oligodendrogenesis [51].

Despite these advances, direct involvement of
IN myelination in the pathology of ASD remains to
be elucidated. Nevertheless, in many ASD models,
such as in PV-deficient mice [52] or upon deletion of
methyl CpG binding protein 2 (Mecp2) from PV-INs
[53], autism-like behavior is observed.

EPILEPSY

Epilepsy is a complex brain disorder caused
by different factors. References indicate that
approximately 70 million cases have been listed in
the world, affecting their everyday life [54]. They
expose different response to drugs, which may lead
to pharmaco-resistance [55].

Epilepsy is more likely the result of distinct
etiologies and pathologies rather than one single
pathology. Additionally, in epilepsy, brain networks
are characterized by extreme concurrent activity and
excitability [56]. Impaired neurotransmission in either
excitation or inhibition leads to excitability in epileptic
seizures. PV*- expressing INs are important regulators
of this balance due to their intrinsic characteristics,
namely the inhibition of adjacent, excitatory cells and
their firing at different oscillatory frequencies [57].

Recently, Knowles and colleagues, focusing on
absence epilepsy by using rodent models, investigated
increased oligodendrogenesis and subsequent
myelination within epileptic networks, highlighting
the significance of myelin plasticity on progressive
increases of seizures in absent epilepsy [58]. IN
myelination in epilepsy has recently been appreciated.
Dubey and colleagues have used demyelination and
dysmyelination models and among their findings, in
vivo ECoG and LFP recordings show synchronized
interictal epileptic discharges during behaviors of
quit wakefulness [27].

CONCLUSIONS

IN proper function is crucial for normal brain
development, connectivity and survival. Their
intrinsic characteristics fine tune E/I equilibrium
and as a consequence, any disruption of any of
the above processes could lead to neurological
disorders. Although recent research has highlighted
the significance of INs in disease generation and
progression, the exact involvement of IN myelination
in such disorders remains largely unknown. Efforts
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have been made to elucidate the significance
of interneuron myelination not only in disease
but also in the physiology of INs, but still many
questions remain unanswered. Disorders, namely
MS, SCZ, ASD and epilepsy, are among the
brain pathologies highly correlated with INs. The
elucidation of how demyelination of INs affects the
progression or generation of these pathologies is
expected to contribute to the understanding of
the pathophysiological mechanisms underlying
these disorders. Lastly, these studies will enable the
generation of new therapies, or the amelioration of
the already existing ones and as a consequence, will
lead to more directed treatments.
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Abstract

Gap junctions are specialized transmembrane channels assembled by connexin hemichannels that facilitate
neuroglial crosstalk in the central nervous system (CNS). Previous studies confirmed the crucial role of glial
GJs in neurodegenerative disorders with dementia or motor dysfunction, including Alzheimer’s disease
(AD). The aim of the present review is to shed light on the complex interplay between glial cells contributing
to AD pathology and highlight the fact that the differential expression of the oligodendrocytic Cx47
in the brain and spinal cord might be attributed to a region-specific variability in the oligodendrocyte
population. Overall, our review provides novel insights into the altered glial GJ expression in the brain and
the spinal cord of the 5xFAD model of AD and the implicated role of GJ pathology in neurodegeneration
and demyelination. Further investigation to understand the functional consequences of these extensive

alterations in oligodendrocyte-astrocyte (O/A) GJ connectivity is warranted.

Keywords: Alzheimer’s disease, gap junctions, neurodegeneration, 5xFAD, demyelination

1. Introduction

In the central nervous system (CNS), glial cells
and neurons are organized into complex networks
that interact to form the pan-glial syncytium [1, 2].
Microglia, astrocytes, and oligodendrocytes are the
three main types of glial cells [1-3]. Astrocytes out-
number neurons in the CNS and their function in-
cludes the support and nourishment of neurons, the
neurotransmitter recycling, and the formation of the
blood-brain barrier (BBB) [4]. Along with microglia,
they play an important role in the CNS homeosta-
sis and immune defense [4] while oligodendrocytes
produce the essential myelin sheath, the lipid bilayer
which surrounds and protects the axons [5]. Inter-
cellular Gap junctions (GJs) are channels between
the plasma membranes of adjacent glial cells (and
neurons) and are composed of two opposing hemi-
channels (HCs) which are comprised by hexamers
of connexin (Cx) proteins [6-8]. GJs play a vital role
in the intercellular dialogue between neurons and
glial cells, they are involved in the diffusion of ions
and cytoplasmic small molecules up to ~1 kDa and
contribute to intercellular signaling [9], growth con-
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trol, cellular differentiation and electrical coupling
[1, 3, 10].

The functional crosstalk between astrocytes
and oligodendrocytes is crucial for the maintenance
of myelin, neuronal homeostasis, and synaptic neu-
rotransmission [7] and is facilitated through the GJs
formation between astrocytes to astrocytes (A/A),
oligodendrocytes to oligodendrocytes (0/0), and
astrocytes to oligodendrocytes (A/O) [6, 11]. Inter-
astrocytic A/A GJ coupling is mediated via homotypic
Cx43/Cx43 and Cx30/Cx30 channels, with the latter
found mostly in grey matter (GM) [1, 2, 11]. Cx47
facilitates the majority of intercellular O/O coupling
via homotypic Cx47/Cx47 channels [11, 12] and
couples with its astrocytic partner Cx43 in the O/A
GJs[11, 13]. Cx43/Cx47 coupling is essential for the
homeostasis of myelin, since it forms the majority of
A/O GJs in the white matter (WM) [14, 15]. Moreover,
Cx32 participates through Cx32/Cx32 channels in
oligodendrocyte cell [14] bodies and processes in GM
and WM [1, 6, 16, 17] and couples with Cx30 in the
O/A GJs[11, 13]. In addition, Cx32 forms reflexive GJs
within the myelin sheath along the long-myelinated
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Figure 1. Increased Cx43 immunoreactivity in the brain and spinal cord of 5xFAD mice. Cx43 (red) increased expression was observed in the
microenvironment of AB plaques (clone 6E10, green) in 5xFAD mice in cortical (A) and spinal cord (C) cryosections. (B,D) Quantification
of immunoblots of cortical and spinal cord samples from aged 5XFAD mice confirmed the increased expression of Cx43 protein compared
to their WT aged-matched controls. Images were modified from [31, 32].

fibers found in neural tracks of the spinal cord and
other CNS WM areas [6, 11].

Mutations in Cx genes cause inherited CNS
or peripheral nervous system (PNS) neurodegenera-
tive diseases such as the X-linked form of Charcot-
Marie-Tooth (CMT1X) PNS disease caused by mu-
tations in GJBT (Cx32) [18]. Furthermore, primary
or secondary Cx dysfunctions can cause acquired
disorders, like Multiple Sclerosis (MS) [7]. There is
compelling evidence that glial GJs may play a role
in the progressive neurodegeneration of the most
common form of dementia, Alzheimer’s disease
(AD). The hallmarks of AD include the extracellular
deposition of aggregated amyloid-p (AB) peptides in
senile plaques and intracellular neurofibrillary tangles
formed by the aggregates of hyperphosphorylated
tau proteins in specific regions of brain and spinal
cord [19-21]. These aggregates induce inflammatory
responses, which are driven by activated microglia
and astrocytes, and are increased over time as the
disease progresses resulting in neurodegeneration
and neuronal death [22]. As a clinical consequence,
AD patients have a progressive loss of their cogni-
tive function and memory, abnormal behavior, and
mobility problems [23].

Recent studies showed that in post-mortem
AD brain samples as well as in the APP/PS1 mouse
model of AD, astrocytic Cx30 and particularly Cx43

were expressed in reactive astrocytes, accumulated
significantly around B-amyloid plaques [24, 25], and
overactivation of Cx43 HCs has been linked to ex-
cessive ATP and glutamate release with toxic conse-
guences for neurons [25-27].

The present review aims to provide a concise
overview of the current glial and myelin pathology
in AD by highlighting important findings of altered
astrocytic and oligodendrocytic GJs in the CNS of the
5xFAD mouse model of familial AD. This transgenic
model overexpresses high levels of mutant human
APP and PSEN1 mutations leading to a rapid develop-
ment of AP pathology that appears at 3 months of
age in the brain cortex (layer V) and thalamus [28]
and in the spinal cord [29]. AR deposition gradu-
ally increases with age in 5xFAD mice, along with
neuronal loss, hippocampal impairment, increased
astrogliosis/microgliosis, and memory and senso-
rimotor deficits [28, 29]. The expression profiles of
astrocytic (Cx43, Cx30) and oligodendrocytic (Cx47,
Cx32) GJ proteins, as well as the integrity of myelin
sheath were investigated at the microenvironment
of AB plagues in the cortical and thalamic regions of
the brain and also in the GM of cervical and lumbar
spinal cord regions of 5xFAD mice.

2.1 Glial Gap Junction Pathology in AD
2.1.1 Astrocytic connexins in the CNS of 5XFAD mice

Neupoavooonoyia, 4:1-2023, 23-33
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Figure 2. Differential expression of Cx47 in the brain and spinal cord of 5xFAD mice in AB-rich regions. (A,B) Cx47 (red) immunoreactivity
was decreased in the brain of 5xFAD mice compared to their WT age-matched controls, while mRNA levels were unchanged. (C,D,E) In
the contrary, Cx47 immunoreactivity was shown to be increased in the spinal cord of 5xFAD mice compared to their WT age-matched
controls and this was also confirmed by the quantification of Cx47 immunoblots. Cx47 mRNA levels were shown to be decreased in
12-month-old compared to the 3-month-old 5xFAD mice, while the levels between 5XFAD and control mice were unchanged. Images

were modified from [31, 32].

Cx43 and Cx30 are the dominant connexins ex-
pressed by astrocytes, and their expression patterns
are region-specific [2, 24, 30]. Interestingly, in the
cortical layer V and thalamus of 9-month-old 5xFAD
mice astrocytic Cx43 and Cx30 displayed significantly
high immunoreactivity levels around the microenvi-
ronment of the amyloid plagques as opposed to age-
matched WT controls (Figure 1A) [31]. Additionally,
the same astrocytic connexins were similarly affected
by AB-induced inflammation and gliosis in the cervical
and lumbar spinal cord segments of 12-month-old
5xFAD mice (Figure 1C) [32]. This resonates to the
fact that in older mice, AB plaques are larger, the
inflammatory response is higher and generally the
pathology is more severe. This finding is in concor-
dance with other studies, previously performed in
postmortem human samples and mouse models of
AD [24, 33]. Immunoblot analysis also confirmed
increased overall protein levels of Cx43 in the cortex
and thalamus of 9-month-old 5XFAD mice and in the
spinal cord of 12-month-old 5xFAD mice in compari-
son with their aged matched WT controls (Figure
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1B, D) [31, 32]. However, immunoblot findings show
similar levels of Cx30 protein in the brain and spinal
cord of 5xFAD mice compared to their controls. This
discrepancy could be explained by the fact that Cx30
is diffusely distributed in the GM where it is domi-
nantly expressed [34] revealing a local expression
of the protein around AP plaques, that could not
be distinguished in the immunoblots. These findings
suggest that Cx43 is more strongly related with the
evolution of AD than Cx30. This is also supported by
the fact that GJAT (Cx43) gene expression in post-
mortem AD brains was strongly involved with AR
pathology and cognitive functions [35].
Upregulated A/A GJ connectivity mediated by
the overexpression of Cx43 GJs upon astrogliosis
in neurodegenerative diseases has been linked to
neuronal excitotoxicity via excessive calcium signaling
and diminished homotypic Cx43/Cx43 GJ coupling,
which leads to the overactivation of Cx43 HCs [36]. In
more detail, AB-induced-astrogliosis possibly causes
activated elevation of Cx43 HCs through a cascade
involving inter-astrocytic Ca?* activation and HC-
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Figure 3. Loss of Cx47/Cx43 coupling and differential expression of OPCs and mature oligodendrocytes in the brain and spinal cord of
5xFAD mice. (A) Reduced colocalization of Cx47/Cx43 GJ plaques in the brain of 5xFAD mice indicating loss of O/A GJs. There was also
decrease in the numbers of OPCs (C) and mature CC1+ oligodendrocytes (B) in the brain of 5xFAD mice compared to their WT age-
matched controls. In contrast, in the spinal cord region (D) the upregulation of Cx47 GJ plaques on mature oligodendrocytes together
with the loss of Cx47/Cx43 coupling indicates the reestablishment of Cx47/Cx47 O/O GJ connectivity. In addition, increased numbers of
OPCs (F) and mature CC1+ oligodendrocytes (E) were observed in the spinal cord of 5xFAD mice compared to their controls. Images were

modified from [31, 32].

mediated gliotransmitter release, leading to elevated
glutamate and ATP levels contributing to neuronal
dysfunction [37]. It is known that the activation of
astrocytes in a neuroinflammatory environment might
cause the shift of Cx43 expression from GJs to HCs
to open [38]. The combination of TNF-a and IL-1B in
astrocyte cultures of mice, caused the reduction of
GJs and the upregulation of Cx43 HC activity [25,
38-41]. Prolonged activation of Cx43 HCs in the pres-
ence of AB plaques, was reported in astrocytes of
the APP/PS1 mouse model and especially those near
plaques [25]. Our results could indicate a pathologi-
cal pathway in the CNS of the 5xFAD mouse model
of AD, involving the opening of Cx43 HCs, but this
requires further investigation.-

Interestingly, astrocytic Cx43 was upregulated in
chronic astrogliotic plagues in biopsy samples from
Balo's disease and Neuromyelitis Optica spectrum
disorders (NMOsds) [42-44]. Additionally, in a model
of CNS manifestations of CMT1X, immunoblot, and
gPCR analysis demonstrated a reduction in the ex-

pression levels of Cx43 accompanied by diffused acti-
vated microglia and significant impairments in motor
performance [45]. Spitale et al reported increased
expression of Cx43 and high HC activity associated
with reactive astrocytes and depletion of motor neu-
rons in toxin-based model of motoneuronal depletion
recapitulating ALS [46]. Moreover, in a mouse model
of experimental spinal cord injury, depletion of Cx43
resulted in augmentation of astrogliosis and microg-
liosis, significant reduction in ATP release accompa-
nied by marked motor recovery while control mice
displayed increased post-traumatic ATP release [47].

These findings highlight a differential role of as-
trocytic GJs in various inflammatory demyelinating
diseases, and give emphasis to the crucial role of
Cx43 in the progression of CNS inflammation, illumi-
nating the potential neuroprotective effects arising
upon Cx43 reqgulated-deletion [48].

2.1.2 Oligodendrocytic connexins in the CNS

Neupoavooonoyia, 4:1-2023, 23-33
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of 5XFAD mice

While astrocytic connexins had a similar expression
in the brain and spinal cord around AR plaques, the
expression of oligodendrocytic connexins was differ-
ent in those two parts of the CNS in 5xFAD mice. In
the ventral posteromedial (VPM) nucleus of the thala-
mus and the primary/secondary motor (MOp/MOs)
areas of the cortical layer V of the brain in 9-month-
old 5xFAD mice, a reduction in Cx47 immunoreac-
tivity in mature oligodendrocytes near AR plagues
was noted (Figure 2A) [31], which was attributed
to severe astrogliosis and AD-induced pathology [3,
31]. The decrease of Cx47 in the brain was associ-
ated with a loss of O/A connectivity which was also
confirmed by showing less colocalization with Cx43
GJ plaques, in the context of AD pathology [31].
Similar findings were also observed in chronic MS
lesions in both WM and GM. More specifically, Cx43
GJ plaques showed increased density but Cx47 GJ
plaques were decreased in numbers, while there was
a decreased colocalization of Cx47 and Cx43 in the
MS normal appearing white matter (NAWM) and in
peri-plaque areas [49, 50]. Loss of Cx47 is observed
not only in MS [51] but also in other neuroinflam-
matory disorders including Neuromyelitis Optica and
Balo's disease, an MS variant as a result of astroglio-
sis, which compromises Cx47. Therefore, the disrup-
tion of the O/A GJs in the brain due to the pan-glial
GJ network disturbing primarily the oligodendrocytes,
suggests a possible mechanism for the spreading of
the demyelinating disease. These contrasting patterns
of Cx47 and Cx43 were also observed in a chronic
EAE mouse model of MS, showing that astrocytes
are the major determinants for spreading GJ pathol-
ogy [52]. Also, increased Cx43 and reduced Cx47
immunoreactivity were observed at the progressive
end stages of an amyotrophic lateral sclerosis (ALS)
mouse model [53]. Therefore, we demonstrated that
in the brain of 5xFAD mouse model of AD the in-
crease of Cx43 but not Cx47 immunoreactivity could
possibly indicate the presence of Cx43 in A/A and
not in O/A channels [31], leading to demyelination,
just like in chronic EAE and MS [52]. However, in
the spinal cord, particularly in the GM of cervical
and lumbar segments, increased immunoreactivity
of the Cx47-positive GJ plaques was expressed on
cell bodies and proximal processes of CC1-positive
mature oligodendrocytes (Figure 2C) adjacent to
AR plaques in 12-month-old 5xFAD mice which was
confirmed by the significantly higher expression of
Cx47 at protein levels (Figure 2D) [32].

Furthermore, in the cortex and thalamus of
9-month-old 5xFAD mice, mature oligodendro-
cytes and oligodendrocyte precursor cells (OPCs)
were depleted (Figure 3B, C), which was linked
to O/O GJ loss with neurodegenerative effects [3,
31]. However, both mature oligodendrocytes and
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their precursors were increased in 12-month-old
5XFAD mice spinal cord (Figure 3E, F) and more
specific near the areas of the amyloid deposits (un-
published data), which was in line with the Cx47
upregulation and increased Cx47/Cx47 GJ coupling
[32]. Probably the AB-induced reactive astrocytes
might have triggered the proliferation of OPCs to
restore myelin integrity, and we based this specu-
lation on immunohistochemistry findings that dis-
played higher number of OPCs in direct contact to
hypertrophic and activated GFAP* astrocytes, as
astrocyte reactivity seems to influence myelination
differently [54], a phenomenon that was also ob-
served in the normal appearing GM in MS patients
[55, 56]. It is known since 1998 [57] that physical
contact between astrocytes and oligodendrocytes,
regulate the maturation of oligodendrocytes. Spe-
cifically, astrocytes promoted the oligodendrocyte
survival of mouse cells via a cell-contact dependent
mechanism involving the interaction of an integrin
protein present on oligodendrocytes with laminin on
astrocytic membrane [58]. These divergent results
may be explained by the fact that the CC1+oligo-
dendrocytes that were upregulated in the 5xFAD
spinal cord likely do not share the same cell lineage
identity as the CC1+* population that was found
depleted in the brain of the 5xFAD model and could
originate from heterogeneous polydendrocytes with
differentiation capacity [59, 60], suggesting that
glial cells in the spinal cord encounter different com-
munication dynamics than those in the brain, and
in response to peripheral traumatic injuries, they
could be triggered to multiply [61]. Oligodendro-
cytic Cx47 is the only Cx so far that demonstrated
a different expression profile in the brain and spi-
nal cord of the 5xFAD model [31, 32], despite the
similar pathological conditions originating from AR
plagues. These compelling findings indicate that in
the 5xFAD model, the oligodendrocytic GJs reflect a
complex region-specific behavior that might imply
the involvement of different regulatory pathways
driven by AD pathology.

In contrast to the increased expression of astrocytic
connexins and Cx47, a marked loss of oligodendro-
cytic Cx32 was detected within the spinal cord of
12-month-old 5xFAD mice compared with the WT
controls (Figure 4F) [32]. Also, Cx32 showed a dif-
fuse immunoreactivity and decreased expression in
the brain of 5xFAD mice as well as disruption within
and outside of AP plaques (Figure 4A) [31]. In ad-
dition, Cx32 GJ plagques were not detectable in the
vicinity of amyloid plaques in the GM of this model
which displayed additionally reduced Cx32 positive
puncta in the WM [32] column that corresponds to
the uncrossed corticospinal tract (CST) in rodents
(Figure 4D) [62] and low protein levels in 12-month-
old 5xFAD mice (Figure 4F) [32]. These findings in-
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Figure 4. Reduced Cx32 immunoreactivity in AB-rich regions of the brain and spinal cord of 5xFAD mice and myelin deficits around A8
plaques. Unchanged levels of Cx32 mRNA were observed in the brain (C), while spinal cord regions of 5xFAD mice depict lower levels
of Cx32 at the protein (D,F) and transcriptional level (G), compared to their WT age-matched controls. Myelin deficits (PLP, red) were
observed around AB plaques in the brain (B) and spinal cord (E) of 5xFAD mice compared to their controls, in which myelin was shown to

be more contact. Images were modified from [31, 32].

dicate disrupted oligodendrocytic connectivity in
the form of intra-myelin and inter-oligodendrocyte
Cx32/Cx32 GlJs with unknown consequences for the
overall spinal cord physiology. Loss of reflexive Cx32
GlJs within myelin sheath limits the transport of ions
and energy supply to the axon and disrupts the Ca?*
and K* homeostasis and axon-glial communication,
which enhances neuronal stress. This was previously
shown in the GM of MS cases [10, 52, 55] especially
by Markoullis et al who they reported a decreased
immunofluorescent staining of Cx32 in and around
MS lesions of postmortem MS brain samples [50].
However, there are no publications documenting the
expression status of Cx32 in the brain of the 5xFAD
model. Lastly, the exact role of Cx32 in the CNS
regarding AD-related pathology is not clear from a
molecular perspective.

2.1.3 Disruption of O/A GJ Connectivity in AD

The significance of altered Cx47 expression is high-
lighted by results coming from the 5xFAD brain and
from MS models, which showed loss of Cx47/Cx43
GJs and increased A/A GJ connectivity in the set-
ting of astrogliosis. These findings could represent a

mechanism of the widespread pathology and demy-
elination in CNS disorders [10, 52, 63]. Loss of Cx47
and its diffusion away from the cell membrane could
result in reduced A/O GJ connectivity and may further
exacerbate oligodendrocyte dysfunction, as it was
documented in the CNS of a model of CMT1X [45].
The reduction of O/A connectivity, reflected by the
disconnection of Cx47 from Cx43 in the brain of old
5xFAD (Figure 3A) [31] mice could reveal the neces-
sity of Cx43 existence on the astrocyte membrane
for Cx47 expression [64]. However, the upregulation
of Cx47 GJ plaques on mature oligodendrocytes and
the reestablishment of Cx47/Cx47 O/O GJ connectiv-
ity as a molecular event has also been described in
a murine model of EAE [65]. The existence of Cx47/
Cx43 channels with disproportional GJ coupling in
the GM (Figure 3D) [32] may drive in the 5xFAD
model the AD-progression through loss of restrictive
ionic permeability and directional coupling as well as
disordered spatial buffering of K* ions, a mechanism
demonstrated through the expression of the Cx47
P90S mutation [63, 66]. Further investigation is war-
ranted to understand the implication of altered Cx47
GJ expression in AD and in other acquired neurode-
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generative and inflammatory CNS disorders.
2.2 Myelin Defects in AD

Demyelination might be caused by the failure in
restoring injured OPCs and therefore mature myeli-
nating oligodendrocytes could not be produced [67,
68]. In AD mouse models, in the initial stages of the
disease, it was observed that mature oligodendro-
cytes were increased in numbers due to the fact that
OPCs were differentiated in higher rates, to restore
demyelination [69, 70]. In the cortex, thalamus, and
corpus callosum of 9-month-old 5xFAD mice, An-
geli et al reported the presence of myelin defects
in areas surrounding AR plaques attributed to the
direct effect of AB oligomer toxicity to the nearby
oligodendrocytes (Figure 4B) [31]. In addition, it is
important to mention that the reduced Cx32 immu-
noreactivity in combination to the reduction of Cx47,
which we showed in the brain of this model, could
have affected oligodendrocytes, and contributed
to the observed myelin deficits. Additionally, partial
myelination deficits in the vicinity of amyloid plaques
were detected in the spinal cord of 12-month-old
5xFAD mice, which were displayed by the weak im-
munoreactivity of myelin markers MBP and PLP and
coincided with the loss of Cx32 GJs (Figure 4E) [32].
Moreover, lack of MBP immunoreactivity under the
areas of Iba1+* activated microglia cells [32], revealed
a possible link between reactive microgliosis and my-
elin destruction, a pathological event that has been
reported in MS pathology (our unpublished data)
[71, 72]. 5xFAD mice at 1 month of age exhibited
substantial decrease of myelin basic protein (MBP)
in comparison to their controls, suggesting myelin
deficits as an initial characteristic of the disease [73].
In addition, 5xFAD mice at 12 months of age showed
myelin deficits in the immediate vicinity of AP plaques
on the edge of corpus callosum [74]. Similar findings
were also detected in Tg2575 and APP/PST mice
which exhibited demyelination around the core of
AR plagues, whereas plaque free areas of the cortex
showed no demyelination [75].

Focal demyelination could damage cortical pro-
cessing and cause axonal abnormalities. Previous
publications have demonstrated that the 5xFAD and
APP/PS1 AD models display axonal pathology in the
brain and spinal cord in the form of axonal swellings
with APP aggregates identified via scanning electron
microscopy (SEM) [29, 76-78]. Although low immu-
noreactivity of the NF-H axonal marker around the
boundaries of the plagues was reported in the spinal
cord tissue of 12-month-old 5x FAD mice [32], the
immunoblot analysis did not show significant reduc-
tion at the protein level, probably indicating that
the axons were largely preserved at those regions.
However, myelination requires deeper investigation
in 5XFAD mice, since it is not very well discussed in
this model. Future research should elucidate whether
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the disruption of reflexive Cx32 GlJs could be a con-
tributing factor for the reported myelin and axonal
swelling or if it is a secondary pathological event.

3. Conclusion

In conclusion, we describe age-dependent
alterations of glial GJs in the CNS of the 5xFAD mouse
model of early-onset AD with marked memory and
motor impairments. The establishment of increased
A/A GJs and altered O/O GJ connectivity among glial
cells in the brain and the spinal cord of this model
might accelerate AD-related pathology and the
development of motor dysfunction and dementia. The
accumulated AB-induced oligodendrocytic and myelin
pathology in the pyramidal and extra-pyramidal
pathways in the 5xFAD brain and spine might be the
molecular basis of the detected deficits in locomotor
activity and motor performance. It remains to be
determined whether glial GJ changes are associated
with the initiation or/and progression of AD-related
neuropathology. Importantly, connexin-mediated
chronic inflammation might be the target for novel
therapeutic approaches to treat neurodegenerative
diseases with shared connexin pathology in different
brain and spinal cord regions.
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NMPOZBOAH TOY ETKE®AAIKOY OAOIOY KAI THE
QOAIAZ OYZIAZ 2TO LYZTHMATIKO EPYOHMATQAH
AYKO, £TO LYNAPOMO SJOGREN, £THN OMNTIKH
NEYPOMYEAITIAA KAI £TH ZXETIZOMENH ME
ANTIZOMATA MOG AINMOMYEAINQZH
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MNepiAnyn

H ouppetoxn tou eykepanikoU @Aolol ota anopueivwtkd voohpata KN ektés tns MoAdanans ZkAnpuvons
(NX) napapével nAnupen®s nepiyeypappévn. Av kai n naBoguaoionoyia tns pAoiddous npooBonins napapével
o€ peydno Babud acapns, N tefeutaia @alvetal va cuoxetiCetal e yvwaolakd eAneipuata Kar Yuxiatpikes
ekdnAwoels o aoBeveis pe ZEA kal ouvdpopo Sjogren. EmnAéov, n anoucia @AoIKwY anoPUERIVWTKDV
€0TWV o€ aoBeveis pe ontukn veupopueniuda oxetidetal Mbavms pe v anoucia npoioloas nopeias otnv
ONM. H napouacia kar n katavoph twv anopuedivwtkwy BAaBdv nbavds va pnopei va cupfaniel otn
dlapopIkh didyvwon twv anopueAivwTk®y voonpudtwy tou KNI petatu tous andd kar pe tnv M.

Ne€eis kAe1dia: eolkés anopuenivwukés BAAPRes, cuotnpatkos epubnpat@dns AUKos, ouvdpopo Sjogren, onukn
veupopueniuda, vooos oxeuldpevn pe avu-MOG avuompata

CORTICAL AND GREY MATTER INVOLVEMENT

IN SYSTEMIC LUPUS ERYTHEMATOSUS, SJOGREN
SYNDROME, NEUROMYELITIS OPTICA AND MOG
ANTIBODY ASSOCIATE DISEASE
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Abstract

Cortical involvement in CNS demyelinating diseases other than Multiple Sclerosis (MS) remains elusive.
Although little is known concerning the pathophysiology of cortical manifestations, it is suggested that the
latter is associated with cognitive deficits and psychiatric manifestations in systematic lupus erythematosus
and Sjogren syndrome. Furthermore, the absence of cortical lesions in neuromyelitis optica may correlate
with the absence of a progressive course in these patients. The presence and distribution of demyelinating
lesions may help differentiate among CNS demyelinating diseases and MS.

Key words: cortical demyelinating lesions, systemic lupus erythematosus, Sjogren syndrome, neuromyelitis optica,
MOG antibody mediated disease

Neupoavoooroyia, 4:1-2023, 34-45



MpooPonn tou eykepanikoU gpAoloU Kal Tns (aids oucias oto Yuotnuatkéd Epubnpatmdn AUko, 35
oto ouvdpopo Sjogren, otnv Ontukn Neupopuenitda kal otn oxeuldpevn pe avtuompata MOG anopugdivwon

1. Elcaywyn

lotonaBonoyikd dedopéva unootnpiouv tnv UNap-
En pAolikwy anopusfivwtkwy BAapav o€ dvw tou
90% aoBevav pe xpoévia noAnanin okAnpuvon (M)
[1]. Exouv neplypa@ei tpeis Siakpitoi tunol pAolKmY
€oumv anopuegivwons otnv MX: wnos | pe pAololno-
pAoimbels petatl Aeukns kar paids ouaoias, wnos Il pe
biapAolmdels otn eaid ouacia, cuxvd yUpw anod pIkpd
ayyeia kar tunos Il pe unoxopiosibeis (“ribbon-like”)
goties ous avawtepess gpAolikés oufades [2]. DAvnke
6t n napoucia ACIIKMY anopueAIvwTKwY BAapv
oxetiCetal onpavukd pe npoodeuTKh Nopeia otous
aoBeveis pe NI [1, 3-6]. Aesbopévou U n anopu-
edivwon tou eykepanikoU gAoloU cuufaniel otn
VEUPWVIKA KAl oUVaNUKA Kataotpo®n, ival Aoyiko
va unotebei du n npokadoUpevn @AoIIKN atpogia
unopei va anotenéoel enions napdyovia Kivduvou
yla npoodeutikn voco [6-8].

H anopueniviwon tou eykepanikou @Aolol os anda
autodvooa voohpata tou KN ektés tns MZ h cuotn-
paukés autodvooes diatapaxés neplypdtal Aoyotepo
ot BiBrioypagia, evid n ohpaocia tns napatnpou-
gevns @Aoikns nabBonoyias otnv kAIVIKN Nopeid
QUTMOV TwV VOoONPATwY NAPAPEVEl acapns. XTnv na-
pouaca avaokénnon napouaoidletal n npocfonn tou
eykePanikoU gpAoloU oto cuotnPatkd EpuBNATmON
Auko (ZEN) , 1o ouvdpopo Sjogren (Sjogren syndrome-
SS), tnv onukn veupopueliuda (ONM) kar tn vdoo
de avuowpata évavu s yAukonpwteivns puedivns
oniyodevbpokuttdpwyv Myelin Oligodendrocyte
Glycoprotein-Antibody Disease (MOGAD).

2. NMpoofonn tou eykepanikoU ¢AoloU Kal tns
@aids oucias o€ CUCTNUATIKA autodvooda Vo-
ohpata

2.1 MpooBonn tou eykepanikoU ¢pAoloU Kal tns
@aids ouacias otov XEA

O gyképanos eival ané ta cuxvotepa npoofan-
Adpeva and tov LEA 6pyava pe v npoofonh auth
va ovopddetal ws oUvOPOUO VEUPOWUXIATPIKOS ZEA
(NWZEA). Ztnv napouoa BiRnioypaikh avackdénnon
AVaQEPETAl N CUPPETOXN ToU eyKepanikoU ¢Aoiou
kar s @aids ouoias otov NWIEA napouaoidlovias
ta kAvikd, naBoyeveukd kal aneikoviotkd dedopéva.

Enmbnuiodoyia
H enintwon tou NWIEA bev gival yvwoth kaBws

noikiner and 12% éws kal 95% peta&lu diapodpwv pe-
Aetv pe us arties s peydnns autns diakupavons va
blapépouy [9]. Ektds and 1o Slapopetikd oxedlaoud
twv pedetay, anobibovtal kupiws otn onpavukh du-
okonia EekaBapns didyvwaons tou cuvdpopou KaBws
0l €EKPAvoels Tou noikidouv onpavukd kal noAnEs
and us kAvikés ekdNAWOEIs gival NoAU CUXVES Kal
oto yevikd NnAnBuopo. Enions, n éws ohuepa anouaia
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bi1abéoipwv diayvwotkmv epyansiwy (KAIVIKWOY, Epya-
OTNPIOKWY, AMNEIKOVIOTKWY) KaBms Kal S1ayvwotKmV
kprthpiwv yia tov NWXEA Baoilel tn idyvwon og peyd-
Ao BaBud otn «yvun tou €101koU» [10]. Akdpa dpws
Kal O€ YENETES UE AUOTNPATEPA KPITNPIA, Ol OMOIES
e€aipeoav hnia h pn €1d1ké kAvikG olvdpopa 6nws n
kepanafyia kal n ayxwdns cupntwpatodoyia, n eni-
ntwon tou NWIEA oe acBeveis pe LEA unonoyiotnke
kovtd oto 20% [11]. Ektds tns enintwons, n Bvnol-
potnta tou NWIEA eival nodu uynihn o€ aoBeveis pe
YEA kal niow pévo and mn veppiuda tou Aukou [9].

KAvikh eikéva

Ye pia npoondBeia anocagnvions, 1o 1999 1o Ape-
pikavikd Konnéyio Peupatonoyias nepiéypawe 19 k-
viké olvbpopa tou NWIEA ek twv onoiwv ta 12 yia
1o KNZ Kkal ta 7 yia 10 nepipepIkd veupikd cuotnpa
[12]. Ztnv napouoa avackonnon, Ba avapepBouv ta
kAviké veupoyuxiatpikd ouvopopa tou KNI kar 16iws
autd pe npoofonn tou @Aolou ta onoia xwpilovtal
eninAéov oe HIAXUTA Kal ECUAKE Kal T ornoia napou-
olalovtal cuvonukd otov nivaka 1 [9]. Ta eouakd
ouvbpopa oxetiCovtal Kupiws pe PAEPIKA h aptnpiakd,
HIKpOooKonIké A pakpookonikd BpouPwukd eneicd-
b1a kal onoudaio péno otnv naBogualiooyia tous
naicel n napouasia avupwoponinOIKMOY aviowUdtwy
[13-15]. KAviké ouvbpopa énws n kepadanyia, ol
ouvaloBnpatkés Kal ayxmdels diatapaxEs kal n nnia
yvwaolakh diatapaxh ta onofa gival noAU ouxvé oto
yeviké nAnBuopd teivouv va anokdeiovtal ané ved-
tepes penétes yia tov NWIEA pe otdxo tnv au&non
s €161kGTNTas s SlayvwaotkNs NPOoéyyions autou
[10, 16].

MNaBoyéveon - MaBoguaionoyia

®paypoi petaéy avooonointkoU cuothpatos - KNX

O gyképanos eival éva avooodoyiké NpovouIioUxo
olotnpa KaBms eival nepIxapakwuévos and unoénol-
no avooonoinukd cUuotNpa niow and CUYKEKPIYE-
vous, duokona dianepatous pPaypoUs Pe KUPIOTEPO
and tous OMnoious ToV AIPaAToeykePanikd ppayuo.
EninpocBétws, n npoofonh tou KNZ and tov ZEA
npoUnobétel tnv eicodo og aUTd AUTOAVTICWHATWY,
KUTTAPOKIVMDV KAl KUTIdpwVY ToU avooonoinukou
ouothpartos. Eivar Aoinév Aoyikd n didonaon tou
alpatoeykepanikoU gpaypou va AauPdver onuavu-
kh Béon otnv naBoyeveukh Siadikacia tou NWIEA
o€ diapopes nabBoguaionoyikés Bewpies tns vooou
xwpis Opws auto va éxel anodeixBei akdpa nANpws
annd Kal xwpis va éxel DIEUKPIVIOTET O PNXavIoPOs NS
didonaons auths [9, 17]. Ektdés and tov alJatogyke-
@aniké epayuod, AANEs TPEIS NEPIOXES ENIKOIVWVIAs
tou KNX pe ta e€wtepiké ouothpata Bewpolvial ws
niBavd onpeia eI0pONSs EVEPYONOINPEVWY CUCTATKDV
TOU avooOonoINTKOU CUCTAPATOS O auTO: O PPAyUOs
afpatos-ENY ota xopiogidh nAéypata, 1o npéopata
avayvwpIopévo Aeupikd ocuotnpa tou eykepdnou
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KAvikdé ouvépouo

Nivakas 1. KAvikd oluvopoua NWIEA pe npoofonn KNI

Enintwon og XEA (%)

Ooiikh Katavoph Aldxutn/Ectuakn

Katavoun
['vwolakn Ekntwon 6.6 - 80.0 Nar pepIKms Aldxutn
O€teia ouyxutukn katdotaon 09-7.0 Nal pepIkms AlGxutn
Wixwon 0.6-11.0 Nai pepIKDS Algxutn
YuvaioBnpauknh diatapaxn 7.4-65.0 Nal pepikws Aléxutn
Ayxmdns diatapaxh 6.4-40.0 Nal pepIkws Aldxutn
EmiAnnukes kpiogls 7.0-20.0 Nai Eouakn
Eykepanikn ayyeiakn vdoos 8.0-15.0 Nai avd nepintwon Eouaknh
Anopuefivawtkh vooos 09-27 Nar ava nepintwon Ecuakn
Kivnukés diatapaxés (xopeia) 0.9 OxI (uovo eaid) Eouakn
MugnondBeia 09-39 Oxi Eouakn
Aonntn pnviyyiuda 03-27 Oxi Ecuakn
Kepanadyia 12.2-28.3 Acapns Acapns/Aldxutn

Kal 0 pnviyyikos epayuos [9]. And us 1€ooepls autés
Baoikés neploxés nepixapdkwons tou KNI, o eyke-
@anikés pAolds Ppioketal o€ dueon enagn pe 6Aes
nAnv tou gpaypou aipatos-ENY kal Ba pnopouoe va
ennpeaotel ueca and t ph&n autwy.

H 6idonaon tou alpatosykepanikoU gpayuou
gival 1o npwto otddio tns autodvoons PAeypovns
tou KNX otov NWZEA petd 1o onoio ocnoudaio pdio
diadpapatiCouv ta autoavuowpata, ol dlapecsona-
Bntés pAeypovhs (Kuttapokives kal cupunAnpwa)
Kal n kuttapikn avoofa ota onoia Ba avapepBoupe
OuvonuKG NapaKATw.

Autoavuompata
H napaywyn autoavuowpdtwy anotelsl Bacikd

naBoguaiofoyikd unxavioud otov ZEA kal kdnola
anoé autd éxouv evoxonoInBei kai yia tv naboyéveon
tou NWZEA.

Andé 6Aa 1o autoavuowmpata nou Bewpeital 6u
eunniékovtal otov NWIEA, ta avupwopoindikd
avuowpata egnigékovial Aueca otnv naboyéveon
KUPIWS Twv ECTAKDV OUVOPOUWY ONWS N ayyeEIakh
eyKEPAAIKN vOOOS Yéow aBnpoBpouPwTKDY YNxa-
VIOPV. YNApXouv TPEIs Katnyopies avugwaodonini-
BIKQV avuowpdtwy: To avunnkuké tou AUKou, td
avukapdiodinivikd aviuompata Kal 1 avuomuata
avti-B2-yAukonpwrteivn | (B2GPI) n napouaoia twv
onoiwv oe dla@opeukd xpovikd onyeia otoixeloBe-
el 10 avupwoeonindiké ocuvdpopo (ADL). Ooov
apopd TN CUPMETOXN ToU gykepanikoU karl s gpaids
ouoias oto ADZ, ta ev Adyw autoavuowpata npo-
oPdAouv karl ta dUo péow Kal twv dUo napandvw
0bwv. Knvikd olvbpopa NWZEA e cupyetoxn s
paids ouoias 6GNws eMANNUKES Kpioels, xopeia annd
Kal yVwolakh €Kntwon €Xouv CUCXEUOTE! PE BeukoUs

titdous avupwo@oAINIdIKMOY aUTOAVUICWHATWY XWPIs
v napouacia BpduBwons [18-21].

‘Evas aAdos winos autoavuowpdtwy tou LEA nou
éxel enNakei og veupoyuxiatpikés ekdnAwaoels eival
autés twv évavu tou unodoxéa N-methyl-D-aspartate
(NMDAR). Ta ev Adyw autoavuompata npookoAnm-
VIl O€ NEPIOXES PaIds ouaias Onws o INNOKAPNos
Kal n apuydain kar npokanvtas kuttapikd Bdvato
péow eiopons aofeotiou, dSnploupyolv veupoyu-
XIOTPIKES €KONAWOEIS ONWS YVWOoIlaKAh €KNTtwon Kal
ouvaloBnpatkés diatapaxés avtiotoixa [22-24]. H
naBoyovikh tous dpdon npoUnobétel v didonacn
TWV PPAYH®Y ToU eykepdnou wote autd va €pBouv
ot enagn pe to KNI [23].

Ta avuompata évavt ns pIfocwpiakns Npwieivns
P (ribosomal-P) eival noAu €16ikd yia to ZEA kai n nao-
pOUCIa TOUS EXEl CUOXEUOTEl IE ONUOVTIKES VEUPOWU-
XIATPIKES EKONAMOEIS TOO0 e CUPPETOXN ToU pAoIoU
Kal tns @aids oucias 6nws n Yuxwaon, n katdéaiyn kal
ol ENIANATKES KPiogls 00 Kal PYe cUpPpEToxn annwy
dopmv tou KNZ 6nws n donntn pnviyyiuda kai n
puedondBeia [25]. Ta avuowpata anti-ribosomal-P
@aivetal Nws ackolv t dpdon tous pe Npécodeon
O€ MEPIOXES TOU PETAIXPIAKOU OUCTAPATOS ONWS O
Innékapnos [26].

Ta avuompata évavu s aquaporine-4 (AQP4) nou
npokadoUv tnv onukh veupopueniuda (ONM), pia
autodvoon anopuedivwtikn vooo tou KNZ, éxouv
aveupeDei o pia pedgn oto 3% twv acBevav pe
NWZEA kal oto 27% twv aoBevav pe NWEEA nou
eixav anopuenivwtkés BAdpes KNI [27]. H ouppetoxn
Tou eyke@anikoU gpAolod otnv ONM nepiypagetal
AentopepEotepa NAPAKATW.

Ténos, a&icel va avagepBei 6T avuowuata évavu
evboBnniakwy kuttdpwy, évavu tns microtubule-
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associated protein 2 (MAP2) kai évavu s suprabasin
€xouv enfons evoxonoinBei ws pecoNaBntés otov
NWIEA afid o péAos tous Oev éxel anooapnviotef [9].

Kuttapikh gAgypovn

Ta neplopiopeva dedopéva yia 1o pédAo Twv KUTIE-
pwv tou avooonoinukou otov NWXEA npogpxovial
ané neipapatdlwa avadeikviovtas Ot ta EVepyornoin-
péva T AeppokUttapa anid kai ta 10uKkd pakpopdya
tou KNZ, ta pikpoydolakd kuttapa, SiadpapatiCouv
onpavukd péno ws peconaBntés Kal EVIOXUTES TS
pAgypovns [9].

Kuttapokives

Anoé us KUTIApOKives Nou éxouv digpeuvnBel ws
npos 1o péno tous otov NWIEA t6oo otov 6po 600
kal oto ENY, onpavukn B€on Katéxel n IVEpPEPOVN-A
linterferon-a (IFN-a)]. H IFN-a éxel BpeBei o€ auénpéva
enineda oto ENY aoBevv pe NWIEA evdd og aAn
penémn avuowpata and o ENY aoBevav pe NWIEA
BpeBnkav va endyouv v napaywyn auths [28, 29].
Augnpéva enineda Iviepneukivns-6 €xouv aveupebei
oto ENY aoBeviov pe NWZEA €161kd pe didixuta olv-
Spopa énws cuyxuon Kal Puxwaon Kal N Xphon s
napand@vw KUTttapokivns €xel Npotabei ws oXeukos
Slayvwotkd Seiktns [30]. Addes kuTtapokives dnws
n vieppepdvn-y, TNF like weak inducer of apoptosis
(TWEAK) kai o B cell activating factor (BAFF) éxouv
enions pedetnBei otnv naBoguoiofoyia tou NWIEA.
YNUEIVETal €MioNs OTU Ol KUTLAPOKIVES €ival GNPAVTKOf
otoxol yia v avanweén Bepaneidv yia tov NWIEA
pendovukd [9].

Aneikovioukd debopéva

Onws npoava@épbnke, ol Bloyies aobevv pe
NWIEA eival ondvies kal €tol ta iotonabonoyikd Oe-
bopéva yia autd to ocupnneyua ouvdpduwy os aobe-
veis pe XEA eivar diya. ©a avapepBolv cuvonukd
bedopéva nou apopolv otn CUPPETOXN Tou PpAoloy
Kal tns @aids ouoias and aneikovIoTKES PENETEs O
aoBeveis ye NWIEA ol onoies avadeikvUouy EOTIAKES
BAGRES e TN HopPN TwV PIKPOAYYEIOKDY N ANOpUE-
Aivawukmv BAaBwv kaBws kail didxutn npooBonn pe
™ PopPN NS ATpoGias.

lotonaBonoyikd, ol napeyxupatkés PAaRes oe
aoBeveis pe NWZEA €ival pikpoayyeiakns apxns kai
nonu onaviétepa Napatnpeital KataotpoPh pueni-
vns oe avtiBeon pe tnv noAdandn okAnpuvon énou
KUPIOPXOUV Ol XaPAKINPIOUKES NAAKES KATAGTPOPNS
s puedivns pe diathpnon twv veupatévwy [31].
Evtoutols, otnv anegikévion pe yayvnukh topoypagia
€YKEPANOU OI HIKPOAYYEIOKES KAl O ANOPUENIVWTIKES
BAaRes dev eival elkona diakpItés KaBWs appoOTepes
napouaialouv uywnnd onpa oe T2 kai fluid-attenuated
inversion recovery (FLAIR) akoAouBies. Enopévws,
n yop@onoyia kal n evténion twv PAawv xpnol-
ponolouvtal ws €PUEcol Tpdnol dilapopodidyvwaons
petal twv dud.

Ytov NWZEA ol BAaPes Neukns ouaias €xouv eviodni-

Neupoavooonoyia, 4:1-2023, 34-45

on kupiws uno@ol®dn otn YETWNOPRPEYUATKN NEPI-
oxh evd otnv MZ ol BAaRes evionidovtal nepikolAiakd,
oty ev ww Babel Aeukn ouaia (Baoikd yayynia) kai
unooknvidiakd. Ooov agopd 1o ¢old, or Luyendijk
KOl ouvepYAtes avépepav ot o 74 aoBeveis pe NWIEA
nou unoBAnBnkav og payvnukn TopoypaQia eyke-
@danou 10 12% eixe pnonkés BNAPes kal 1o 5% eixe
ouvbuaopo BAaBiv Asukns kal gaids ouaias (eAoiov)
[32]. Eival onpavuké va avagépoupe 6T ol BAdRes tns
@aids ouaias otov NWIEA cuvbudlovtal kal pe dAAa
aneikovioTukd XapaktnpIotkd énws n ondavia npdon-
Wyn oKIaypaeIkou, N onavia Napousia tTautOXpovwy
puenikav BRafv kal n cuvinapén Pikpoaipgoppayi-
@V N NadaldtepwV IOXAIMIKDV EPEPAKTWY [31].

Avaopikd pe tn peiwon tou dykou (atpogia) €l-
OIKWV NePIOX@V Tou eykePANOU, O ia MPOOMTKN
penétn olykpions aoBevav pe LEA xwpis veupoyuxia-
TPIKES EKONAWOEIS kal aoBevv pe NWIEA (joxalpikds
Kal @Agypovadns unétunos) ol Inglese kar ouvepydres
avépepav O ol aobeveis pe Agypovmdn undtuno
NWXEA eixav otatuoukd xaunidtepo onikd eykepa-
Ak YKo Kal Oyko AEUKAS oucias O OXEON HE TOUS
un NWIEA evd €ixav kal uynnotepo dyko PAafv
Aeukns ouaoias. O1 Slapopés OUwSs oTov BYKO NS Pal-
@s ouoias peta&lu twv opddwy Gev NTav onNPAavikeés
[33]. And v éAAn, os npéopatn petavénuon ol Cox
Kal ouvepydtes avépepav 6t aoBbeveis pe LEA gixav
XapnAoTEPO GYKO OToV INNOKAUNO, oto hecondpio
andnd kai otn cuvonikn Gald oucia CUYKPITKA UE UYIETs
pdptupes [34].

2.2 MNpoofonn tou eykepanikoU gAoloU Kai tns
@aids oucias ato ouvdpopo Sjogren (SS)

O eninonaopo6s wwv ekdnAwoswy tou KNI og aoBe-
vels pe olvdpopo Sjogren (Sjogren Syndrome-SS), ep-
@aviel eupeia etepoyéveia (5% - 70%) otn BiRAioypa-
oia, Paivopevo nou oxeticetal 100 Je pebodonoyikeés
Napapérpous, Onws n eQappoyn SIaPoPEUKOY OpI-
OPMV Kal KpItnpiwyv, 600 Kal NPAayPatKoV YEVEUKDV
Kal nepiBaAAovIK®Y Napaydviwy Nnou cuoxetioval
ye v autoavooia [35-37].

H napoucia addoidoswy tns Agukns ouaias tou
eykepdnou [white matter hyperintensities (WMHSs)]
uynAoU payvnukoU chpatos ous T2 kal fluid
attenuated inversion recovery (FLAIR) akofoubies,
wnikd unognol®dous Kal napakolAiakns evidnions
Kal pe apiBones kAvikés ouoxetioels anotedouv éva
ano 10 CapECTEPA NEPIYPAPOUEVA AMEIKOVIOTUKA Xa-
paktnpiotkd s vooou pe KNI ocuppetoxn [36-40].
AvtiBeta, nonu ondvies eival ol avagopés yia andol-
woels tns eaids ouaias. O1 Hirohata kal ouvepydtes
nepiéypayav v nepintwon acbevous pe donntn pn-
viyyoeykepaniuda ws npwtn ekdhAwon SS, kal au-
Enpévou onpatos oties otnv akonouBia FLAIR, otov
Iviaké @Aold kal t vhoo tou Reil, nou dev napouai-
adav okiaypa@ikn evioxuon Kal avaotpaenkav Petd
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n Bepaneia [41]. EninAgov, npdopata, avapépbnke
nepintwon aoBevous e petaixpiakh eykepaniuda oe
€6a@os SS, nou eupavios eoties xapunAoU oAPaATos
otwnv T1 kar uyniou oe T2 kar FLAIR akodouBies, pe
Ania okiaypagikh npdoinyn, otous €0w KPOoTtapIkous
noPous appotepdnieupa [42].

H napouoia atpoias otov eykepanikd @Aold
aoBevav pe SS éxel neplypagei and nanaldtePEs pe-
Aétes, ous onoies auth dianiotwBnke péow anihs
€MNIOKOMIKNS EKTIUNONS NS GAolikNs AENTUVONS XWPIs
n xphon avrtiotoixou AoyiopikoU [40, 43, 44]. Auo
nio NPOOPATES PENETES EMIXEIPNOAYV PIA AVUKEIUEVI-
KA NOCOTKA eKTipnon tns GAOIKAS atpoQias Péow
NS XPNOoNS NS TEXVIKNS HOPPOPETPIAS OYKOOTOIXEIWY
[voxel-based morphometry, (VBM)], pe avupatkd,
wotooo anoteféopata [45, 46]. O1 Tzarouchi kai ou-
vepyates dianiotwoav onpavukn AGTwon ts aids
ouaoias ap@otepdnieupa otov eykepanikd ¢pnoio,
Kupiws otov Iviako, Bpeyuatkd kal petwniaio Aofo,
annd enions oto BdAapo, Tov KEPKOPOPO NuUPhHva
Kal ta napeyke@anidIké nuioeaipia, o€ acbeveis pe
SS o€ oxéon pe uyigis pydptupes [45]. AvtiBeta, oty
nio npéo@atn pefétn twv Segal kar cuvepyatwv dev
avadeixBnke onpavukn NEPIOXIKN atpogia otn ¢aid
ouoia avaueoa ous U0 ouddes, cupnépaocua oup-
Batd pe ta anoteféopata Nou Npoékuyav kai and
I xphon akodouBiwv didxuons (diffusion tensor
imaging, DTI), ye okond tnv avixveuon anAoIhoEwy
ot pikpodopnh s Neukns ouoias [47]. TéAos, atpoia
Tou Innokdunou d1aniotmBnke petaty twv acbevav
WE SS Kal uyldv paptupwvy [48].

H eAdtiwon ts nepioxikhs eyKePAIKAS AIPIATKAS
pons (regional Cerebral Blood Flow, rCBF) oe aoBeveis
pe SS eivarl 1oxupd Tekunplwpévn. ApKETES Penétes
avedei§av neploxikh unodpdeuon otov eykePanikod
@nold aobevav pe SS, aképa kal anouaia GouIK@Y
anAoIhogwy Otn payvnukn Topdoypagia, Pe t xphon
onivBoypagnpatos eykepdnou 99mTc-HMPAO SPECT
ka1 99mTc-ECD SPECT [36, 49-53]. O1 LeGuern kal
ouvepydtes penetwvtas v rCBF anti-Ro (SSA) Beukofi
aoBevav pe SS, Sianiotwoav onpavukd cuxvotepn
napouacia eAolKMY NEPIOXWY unoaigdtwons, noAna-
nAwv oto 80% otous aoBeveis autous o€ oxéon e
péptupss, kataypdeovtas paniota pia agloonpeiwtn
aploteph niayiwon [53]. Ta cupnepdopata autd eai-
VETAI VO cuoXeti{ovtal e TNy Napoucia avooonoyikd
enayopevns ayyelondBelas Twv PIKPWV eYKEPAAIKDV
ayyeiwv o€ anti-Ro (SSA) Beukous aoBeveis pe SS,
onws auth éxel npotabei BEoel ayyeloypaPIKy Kal
iotonaBonoyikwyv dedopévwy [43, 54-56].

H nepioxikn @Aolikh unoaipgdtwon @aivetal Nws
ouppexel otnv niBavoloyoUuevn anweia tou dykou
s @alds oucias otov eyKeEPANIKS pAold aoBevv e
SS [45]. EminAéov, n gAolikh atpogia unopei va ou-
oxeuotel pye v napoucia twv WMHs nou neprypdon-
Ke napandavw [57-59]. Exel unoteBel 6u WMHSs unopei
va endyouv deuteponaBbws anwela gaids ouoias oto

@nolé N 6t ta duo eaivéueva unopei va polipdlovtal
Kolvous naBoguaionoyikoUs pnxaviopous , énws n
Ueiwon tns nNeploxikns alpatkhs pons [57-60].
Extés and us dopikés petaPonés otov eykeanikd
@niold twv acBevav Pe Sjogren nou avapépbnkayv,
npooeates penétes avédeiEav NEIToupyIkES SIaTaPaxés
, M€ TN Xphon s A€IToUpyIKAS Payvnukns TOpoyPaQi-
as (functional Magnetic Resonance Imaging , fMRI)
kal €161k avanuoswyv. MetaBodh tns Asitoupyi-
KNS OUVOECIUOTNTAS TOU INMNOKAUMOU HE TOV IVIaKS
Kal kpotagikd AoBd kal Slatapaxn ns eykePanikns
dpaotnpiétntas otov onuké eAoid, v Npodcbia kal
onioBia kevipikh €Aika nou anotefolv tnv katafonn
twv Aolovwtaiwy depatiwv éxel kataypaei [61-63].
O1 diatapaxés autés Ba pnopouoav va anodobouv
og avadpopn ekpunion twv pAolovwuaiwy depatiwy
Adyw nepIPePIKAS veupondBelas, os npwtonabn k-
@UAIoN Kal atpogia Tou cwuatoaiocdnukoU Aoioy,
oe Slatapaxn s pikpodopns s Neukns ouaias Ndyw
kal tns napoucias twv WMHs fh cuvbuaopd édwv
auTV twv eaivopévawy [63]. Mo npdogpata, ol Yan
KaI OUVEPYATES NepIéypawav avapain Agitoupyia twv
KUKAWPATwY PETagU tou enolol Kal Tou PETaiXpia-
KoU ouothpatos aoBevav pe SS, nou sival pdaiota
niBavo va ouppetéxel otny naboguaoionoyia tns &n-
popBanpias nou xapaktnpilel tn vooo [64]. A&iel va
onpeiwBei du ol NOPATNPOUPEVES AUTES DIATAPAXES
s AEITOUPYIKAS CUVOEDIPOTNTAS TWV NEPIOXMDV TOU
@AoloU Qdavnke va cuoxeti(ovial YE TNV napouaia
WMHs éxi 6pws pe tn didpkeia s véoou [62-64].

Ynonoyiletal 6u ws kal ol Yiooi aoBeveis SS epea-
viCouv yvwalakn ékntwon [65]. Ta cuxvotepa napa-
tnpoUpeva eAneippata evionifovial otous TOUElS Tns
npoooxns, tns taxutntas enegepyacias twv nAnpo-
POPIWV, TS eNITEAIKES AEITOUPYIES, TNV ONTKOXWPIKN
avtAnyn, tn Askukn Kal ONUKA PVAPN KAl YUXOKI-
vNTKN taxutnta [66-69]. Me tn yvwaolakh ékntwon
éxouv ouoxeuatei 1doo n eukonwoia (fatigue) 6oo
Kal n katdBniyn nou ouxvd eniniékouv tnv KAIVIKA
nopeia s vooou [38, 66-68]. Atilel va onpeiwBei
ou n napouaoia anti-NR2 autoavuowpdtwy otov opd
aoBevv e SS OUOXETIOTNKE PE XEIPOTEPES ANOOOOEIS
ous veupoyuxonoyikés dokipaoies kal Bpédnke o€
peyanutepn avanoyia os aoBeveis pe ouvundpxouoa
katabAiyn [48].

Oplopéves penétes ouoxetiCouv tnv napouacia
WMHs pe tn yvwaolakn Aeitoupyia oe aoBeveis pe SS
[65, 66, 69]. H payvnukn topoypapia eykepdnou otny
nAgiovéNTa Twv aoBeviv pe yvwolakd endsippata,
anokdiuye nabonoyikd euphuata yetwniaias Kal
uno@nol®dous evidnions 1 Atav eviends Gualofoyikn
[70]. Qotéoo, clppwva e NPOoPATN CUCTNUATIKA
avaokonnon, o éneyxos pe SPECT eykepdnou avédeite
unoalPdtwon otous BPeyPatkous, KPOTAPIKOUS Kal
petwniaious NoPous oe NepIocOTEPOUS and Tous pi-
ooUs aoBeveis ye SS kal vonukn ékntwaon rnou eixav
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ouaiofoyikh MRI[70]. H ouoxéuon auth twv yvwola-
K@V eAAEIPPETWY PE aneIkovIoTKE XapaKINPIoTKA, OE
ouvbuaopo pe éupeca euphuata, Onws n NapatnpouU-
pevn aploteph nilayiwon s ¢AoIKAS UNOaIPATWOoNS
nou NePIypapnke napandvw, unovoouv 0T N vontukN
ékntwon o€ aoBevéls pe SS dev anotenel anokneioukd
anéToKOo TwV ouvalIoBNuatk®VY dIatapaxmy Kal s
eukonwoias, aind sivar noAunapayovukhs artonoyias
Kal cuoxetiCetal kal pe v nabonoyia tou eykepanikoy
@AoloU nou napatnpeital otn véoo [53].

Anfa eAoikhdn cupntopata, 6nws eniAnyia, Ka-
taypdovtal €nions, av Kal onavidtepa oto KAIVIKG
@dopa tns KNX ouppetoxns tou SS [37, 71].

3. MpooPonn tou eykepanikoU ¢pAoIoU Kal tns
@aids oucias o€ anopueAIVWTIKa voohpata
tou KNX nAnv tns NX

3.1 MpooBonn tou eykepanikoU ¢pAoloU Kal tns
@aids ouacias otnv onukn veupopueliuda (ONM)
H ONM xapaktnpiletar unikd ané v anoucia
anopueAIvwTKOV aAAOIDOEWY g EVIONION OTOV EYKE-
@aniké eAold, cupnépaopa nou ouxvd oupBdannel
otn diagopikn didyvwon and v Mx, 6nou ol AoIIKES
BAARes ouvtpéxouv ouxvd kal pdniota avayvwpidovial
EUXEPETTENQ HE Ta OUYXPOVA aMEIKoVIoUKA péoa [72-
77].®Aolikés eaties anopueivwans dev evioniotnkav
oUTE PE TN XpPhoN PayvnuKAs Topoypagias uynins
eukpivelas 7 Tesla o€ €16ikés akonouBies [78, 79].

Enfons, and iotonaBonoyikd dedopéva and 19
aoBeveis ye ONM, bev Npogkuyav EUPNPATA CUY-
Batd pe @Aolikn anopuenivwon [74]. NMoAU ondvies
NeEPINTWOEIs Napoucias @AoIKOY anNoIoEwy Ot
aoBeveis pe ONM éxouv nepypagei, pe popooyikd
xapaktnploukd SIapopetkd and Us avtioToIXES TS
Mx, mBavh cuvundpxouca Napoucia AENTOUNVIYYIKAS
evioxuons Kal oxeu{OpEVES Pe ATUNES, eVIOTE, KAIVIKES
ekdbniwosls [80-82].

H wnikh anoucia @Aoikdy ecudv anopuefivw-
ons, napouaialel 1biaitepo evbiagpépov, dedouévns
Kal s anobedelyuévns napouoias tns aquaporin-4
(AQP4) otov eykepanikd @noiod [83, 84]. Mnviyyikés
Aeppodiakés dbopés and B-AeppokUttapa, nou xa-
paktnpiCouv tv M kal paivetal va oxetdovtal e tnv
anopueAiviwaon Kal th VEUPOEKPUAIoN s vOoou, dev
napatnpnBnkav otous aoBeveis ye ONM [85]. Eninné-
ov, ansuaioBntonoinon tns AQP4 tns cufdbas | tou
eykepanikou gAoloU (pe diathpnon s avudpaot-
K&TNTAs s ots otuBdoes II-VI) npoékuwe and oxetkes
naBonoyoavatopikés penétes [86, 87]. TéAos, aNlol
napayovtes, ONws N 0pyavwon twv aoTpoKUTIApwy, N
pikpoynofa anAd Kai tnv ékppaocn Twv SIAPOPEUKDY
Iocopop®wv s AQP4, paivetal enfons va epngkovial
[72]. Ano v aAAn nAgupd, onaviétatn avelpeon
enonkav BAapav Ba unopouace va anodobei otn
OXEUKN Pe v napoucia ths AQP4 otn Aentopnviyya
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diatapaxn tou alyatogykePanikoU ppaypou, kal tnv
enakénoubn diMBnon tou napakeipevou eAolol and
@Asypovdn kuttapa [88].

H ouvnbns @uoiknh 1otopia tns ONM, nou ondvia
eival npoiovoa, gaivetal 6u anotenei KAIVIKA €kppa-
on wns anouaias gAolikhs anopuedivwons, KaBs n
nabonoyia tou eykepanikoU GRoloU éXEl CUOXEUOTE
onpavukd pe npoioloa nopeia s voéoou os aoBeveis
pe Mx [72, 89-93].

Mapd v wnikh anouacia eAolikdy anopuefivewt-
KWV 0TIV, N CUPPETOXN Tou gykepanikou ¢Aoiol otn
vooo dev appioBnteital. O1 Calabrese kar cuvepydtes
npToI NepIéypawav AENTuvon tou eykepanikoU @Aol-
oU otnv npéobia kal onioBia kevipikn €AIKa , KABWS
Kal tov onukoé gAoid os aoBeveis ye NMO, oe oxéon
Je uyigis paptupes [72]. Ektote emnnéov pengtes Ka-
¥nnEav o€ avanoya ocupnepdopata, neprypdeovias
éva ekNeKTKO NPOTUMNO NEPIOXIKNS PAOIKNAS ATpoQias
[94]. Mpoopartes penétes, wotdoo, unoatnpidouv v
Unapé&n vevikeupévns anwnelas galds oucias nou
apopd 1o ouvono tou eykepanikou ¢roiou [80, 89].

Anwneia tns gAolikAs gaids oucias gaivetar va
OUVTPEXEl O€ PIKPOTEPO Pabud atny ONM cuykpItkd
be tnv M, av kal opiopéves penétes dev katedeicav
onpavukés diapopés [80, 89, 94]. Kanoles neploxés
T0U eyke@anikoU gAoloyu, 6nws o INNoKaunos A n
vNoos tou Reil, pdvnke va npoofdainiovial ocnpavukd
ouxvétepa oe aoBeveis pe ML, evd, og dNnes, dSNws
n napainnokdunia €ndika, napampnBnke onuavuko-
1epou Pabuou atpogia oe enineda avanoya tns avti-
otoixns otnv M, nbavws ws cuvéneia SlapopetikoU
npowinou ékgpaons s AQP4 ous NePIOXES AUTES N
o€ dnnes ouvdedpeves eykePanikés Sopés [94-96]. Oi
Eshaghi kal ouvepydtes npotelvav tnv anwAeia s ev
tw PdaBel paids oucias kai e101kdTEPA Tou Bandpou,
ws akpIBéotepo diapopodiayvwatikd oToIXEio PETagy
ONM «ar MZ, ouykpliukd pe tnv eAdTiwon s Qaids
ouaias oto ¢pAoid [95]. Znv ONM o Bdadapos eaivetal
va UNOKeItal o€ NMidtepes deuteponabeis EkPUICTKES
endpaoeis [97].

Mia deuteponabns onioBddpoun ekpunion and
My onukh 066 Kal 10 vwtaio Jueld ous aviioToIXES
nePIOXES Tou eAoloy, ws aito s GAoIIKAS atpogias
otnv ONM, éxel neplypaei ektevms [98-100]. Qotd-
00, @Avnke nws n nAikia kal n S1épkeia tns vooou
ennpedlouv onPavukd v aneias ths aids ousias
oU @Aoloy, o€ avtiBeon pe tov etholo puBud uno-
tponav (Annualized Relapse Ratio —ARR) 1 us BAd-
Bes tou vwtaiou puedou [80, 89]. Ta cupnepdopata
autd, o ouvbuaopo e TS eVOEIEels eVOs YeVIKEUUEVOU
npotinou eAoIKAS atpoPias, UE CUPPETOXN MEPIO-
XV tou @AoloU nou &g cuvdéovial Pe TNV ONTKNA
0606 n ta puedikd depdua, odbnyei oto cupnépaoua
6u n nafivbpopn auth veuposkpuion dev anotenel
10 povadikd naboyevetukd pnxavioud. Mpwtonabeis
@nolikés Blepyaoies dGNws n un-Autikh avtibpaon twv
AQP4 apvnukwv actpokuttdpwy s otPdadas | tou
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eyke@anikoU ¢AoloU Kal N KATAoTPOPH TwV ACTPO-
Kuttdpwv/kuttdpwy tou Muller kal enakéAouBn e&e-
onpaopévn yloiwon twv ouBadwv lI-IVeaivetal va
cuppetéxouy enions [90].

Mvwolakd eAfgippata, 6nws PYeiwpévn pvaun, npo-
ooxh Kal taxutnta enegepyacias v NANPOQOPILY,
éxel neplypagei oe acBeveis ye ONM [80, 97, 101,
102]. Opiopéves penétes dev avebeiEav onuavukes
OUOXETOEIS TNS YVWOIAKAS EKNTWONS PE NEPIOXIKA
A yevikeupévn @Aolikh atpogia [80, 94]. Qotdoo,
eNdTIwon s Palds oucias o€ CUYKEKPILEVES HOpES,
Onws o IMNéKapnos kal o petwniaios Nofés n diata-
paxn twv ouvOEoEwWY PAOIIKMY NEPIOXWY, ONWS TO
npoonvoelbés N6PIo, Ye ANAes eykePanikés OOUES,
onws aivetal nws anotedolyv NPoyvwaotukoUus napd-
yovtes [97, 102, 103].

3.2 NpooPoin tou eykepanikoU ¢gAoioU Kal tns
paids ouoias vOoo e avuowpata évavu tns yAuko-
npwteivns puedivns ofliyodevépokuttdpwv myelin
oligodendrocyte glycoprotein-antibody disease
(MOGAD)

H véoos pe avuocopata évavu tns yAukonpw-
tefvns puedivns odlyodevdpokuttdpwy Myelin
Oligodendrocyte Glycoprotein-Antibody Disease
(MOGAD), anotefei pia ondvia autodvoon ovidtn-
10 Pe eupl QAopa KAIVIKDOV ekONAMOEWY Nou ne-
piAapBdavouyv Kupiws tnv ofeia diGonaptn eykepa-
Aopueniuda [acute disseminated encephalomyelitis
(ADEM)], eykdpola pueniuda, unotponidlouca onukn
veupiuda kal ekdbnNAmaoEIs Tou PACcPATos TS ONuKAS
veupopuediudas [104]. Ekupdral du nepinou 10 40%
twv aoBevv pe ekdnAwoels tou pdopatos tns NMO,
xwpis AQP4 IgG éxouv MOGAD [105].

Ta &edopéva yia TNV cUpPEToxn Tou eRolol otn
MOGAD eival nepiopiouéva otn BiAioypagia. Mikpos
ap1Bu6s nepiotatkwv pe MOGAD, nou napouaciacav
eniAnnukoUs onacpous pe N xwpis diatapaxn tou
ennédou ouveibnons kail epedvidav anfolnaoels uyn-
AoU ochpatos o€ T2 kal FLAIR payvnukés akonouBies
eAoimbdous evidnions éxouv neplypagsi [106, 107].
Ta anoteféopata anoé wn Blowia eykepdiou evéds €€
autwv avédeiEav nnies eeypovodels aAfolboels oe
@Aol6 kal unoeiold xwpis anopuedivwon [106]. To
eUpnpa autd épxetal o avtiBeon pe ta nabodoyo-
avatopiké dedopéva twv Hochmeister kal ouvepya-
v nou Slaniotwaoav noAdanaés, kupiws eAoImOEIS
eoties anopuenivwons, nepiPAgPIKNS Katavouns, nou
xapaktnpiloviav and nepipepikd daktiio evepyonol-
npévns pikpoyAofas Kal Hakpopdywy o aoBevh pe
MOGAD «ai kfivikn ekdniwon ADEM, pe napdAAnAin
oxeukn diathpnon twv afévwv [108].

H @Roikdns @aid oucia/napa@iolkddns AEukn ou-
ofa anotéfeoe tn ouxvotepn evidnion twv BAaBav o
aoBeveis ye MOGAD pias avadpopikns pedétns nou
neplefdpPave 67 aoBeveis pe MOGAD, 42% &K twv

onoiwv napouaialav anNAoIMOEIS AUTAS TS EVIONIONS
[109]. H gAoikdns evidnion twv BAawv gaivetal va
gival onpavukd ouxvotepn oe MOGAD aoBeveis oe
oxéon pe AQP4 IgG BeukoUs aaoBevels, wate eival
buvatd va ocupPanner otn Silapopodidyvwaon twv dUo
KAIVIKOV oviothtwy o€ acBeveis pe ekbNAmoEls Tou
@dopatos tns ONM [110].

4. Tupyngpdaopata

H anopugdivwon tou gykepanikol eAoioU anote-
Aei éva cuotnpatkd pefetnpévo paivopevo oty ML,
®aivetal 6T 1600 N NAPOUCIA TWV ANOPUEAIVWTKDY
gouwyv, 600 kal n Aoinh eAoimdns naBonoyia dia-
SpapartiCel onpavukd kAvikd pono, npodiabétovias oe
npoodeutkn nopeia s véoou. Aolikés aNAoIMOEIS
aveupiokovtal o€ dAnote ando Babud kal oe dAna
autoavooa voonpata, tboo cuotnpatkd, 600 Kal
tou KNZ, oupBdnnovtas otn petalu tous diapopo-
biayvwon kar ennpedlovias t GUOIKN 10TOPIa TWV
VOONPATWY QUTWV.
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ANMOMYEAINQTIKEZ ®OAOIIKELZ EXTIEX ZTHN
NMOAAANAH ZKAHPYNZH - IXTTOAOIKA
KAI AMEIKONIZTIKA EYPHMATA

Jtauponounou Nte Nopévi{o Lwinpia, Kwvotavuvibou Natania, Mnakipt{hs Xpnotos

Kévipo MonAanAns XxkAnpuvons, B’ Neuponoyikn KAivikn, Apiototédeio MNaveniotipio ©eooanovikns

MNepiAinyn

H Unap&n anopuefivwtk®v €0tV otn @aid oucia tou eyke@anou Ntav yvwoth and ta 1otoAoyIKE
eupnpata Proyidv nou eixav AngBei and aobeveis pe MoAdanAnh ZkAnpuvon petd Bavatov. Qotéoo,
péxpl kar npiv Aiya xpoévia, n in vivo aneikévioh tous pe ta diaBéoipya péoa htav avépikin. Enopévws, n
HENETN TV aNOpUEAIVWTIKWY E0TIAV Tou PAoIoU Tou eykepdnou otnpiddtav ota Iotodoyikd eupnpata nou
avadeikvUiovtav péoa anoé Bioyies. Ta euphpata autd napeixav noAUtPes NANPOPOPIES OXEUKA e TOV Na-
Boguaiofoyikd pnxaviopd nou oxetdetal pe tn dnpioupyia twv 0@V NS Galds ouoias tou eAoloy, Ka-
Bws enions xpnaoigonomBnkav kar yia  dnuioupyia evés cuothpatos tagivopnons twv BAaodv auty.
H npdogpatn dpws dnuioupyia uynins eUKPivelas payvnUK®V topoypdewy 7T npocépepe tn duvatdinta
aneIkOVIoNS TwV AnNopUEAIVWTKDY E0TUMY Tou GAoIoU in vivo, divovtds pas th duvatdtnta va CUOXETCOUHE
us BAGPes autés pe us SIAPopEs HopPEs Tns vOOOU Kal KAtd CUVENeEld, P Tty npdyvwon tns. Mapdddnda,
0 ouvbUaopO6s 10TONOYIKMY KAl AMEIKOVIOTKWY EUPNPATWY OUvatal va NPOCPEPEI CNUAVTIKES MANPOPOpPIES
avagopikd pe tov naboguaoiofoyiké pnxaviopd s MoAdanihs IkAhpuvons kal unopsi va cuvopdapel on-
Havukd otn dnpioupyia véwv, OToXeUPEVWY BEpaneUTKMY HeBOOwWV.

Né€eis kAe161a: nonAanAn okAnpuvon, anopueivwon, anopueNIVWTIKES eaties prAoloy, payvnukds topdoypdgos 7T, gaid ouaia.

CORTICAL DEMYELINATING LESIONS IN MULTIPLE
SCLEORSIS - HISTOLOGICAL AND RADIOLOGICAL
CHARACTERISTICS

Stavropoulou Di Lorenzo Sotiria, Konstantinidou Natalia, Bakirtzis Christos

Multiple Sclerosis Center, B’ Department of Neurology, Aristotle University of Thessaloniki

Abstract

Histological findings of postmortem brain biopsies from patients with Multiple Sclerosis (MS) had revealed the
presence of demyelination in the gray matter. However, until recently, in vivo imaging of cortical demyelinating
lesions with the currently available magnetic resonance imaging (MRI) techniques was impossible.
Consequently, the research of cortical demyelination was based only on histological findings available from
brain biopsies. These findings provided valuable information regarding the underlying pathophysiological
mechanism implicated in the formation of these lesions and they were further used for the development
of a classification system, according to the location of the lesions in the cortex. Recently, in vivo imaging of
cortical demyelinating lesions has been available with the development of high-resolution MRI 7T. In vivo
imaging of these lesions together with the concurrent clinical picture enables the conduction of longitudinal
studies which can study the correlations between cortical demyelination and the various clinical subtypes of
MS, as well as the prognosis of these patients. Moreover, the concomitant assessment of histological and
radiological findings can provide significant new information regarding the pathophysiological mechanism of
MS which may contribute to the development of new, targeted treatment therapies.

Keywords: multiple sclerosis, demyelination, cortical demyelination, magnetic resonance imaging T7, gray matter.
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EIZATQrH

lotopikd, n MoAdanAh ZxkAnpuvon (MX) eBewpeito
pia véoos n onoia npooBdanner katd Bdon tn Agukn
ouoia, napdu ochuepa eival Eupéws yvwoth n dpdon
NS Kal otn @aid oucia tou eykepdnou, 1600 YEow NS
anopugivwons 0o Kal tns atpogias Nou npokanef
[1]. Mofovou n unap&n anopusiivwtkdy BRafov
otn @aid oucia Atav "GN yvwaoth anoé Pioyies aobevav
pe M petd Bdvatov, péxpl kal npOoGATa N in vivo
aneikévion tous dev htav eIk [2]. H e€€MiEn twv
ANEIKOVIOUKWV Pécwy, o ouvduaoud pe tn ouiio-
yh nAnBwpas 1otofoyikwy eupnpudtwy, avédeigav
noAUTes NANPOPOPIES avaAPOPIKA UE TS AMNOUUE-
Alvwtkés €oties s Qaids ouaoias tou gAoloU Kal
OUOXETON TOUS PE TS DIAPOPES HOPPES TNS VOOOU, Ta
veuponoyikd endsipata twv aoBevav, kKabms Kal tnv
npodyvwon tous [3]. Nedtepa eupnpata katadelikviouv
6tu ol Bdpes tou pAoioy anotedoUv NoAU cuxvdtePO
elpnua Kal gival oNPAVUKG NePICOOTEPO EKTETAUEVES
ané éu miotevape nanaidtepa [4]. Emnpdobeta, nAn-
Bos penetdv avédelEe onpavikh cuoxéuon Petaty tou
augnuévou apiBuol twv eRorikwy BAaBdv kal tou
au€énpévou Babpou avannpias, 6nws autds NPOKUNTEl
and v kAipaka EDSS (Expanded Disability Status
Scale), anAd tautdxpova Kal Pe tnv eUedvion vonukov
endsipdrwv, emAnyias, kar katédBaiyns [5-7]. Anopu-
eAIVTIKES £0Ties oTo PAIG Tou eykepdnou eppavidel
10 64% twv acBeviv pe Ynotponidlouoa- Alanei-
nouoa M , 1o 70% twv acBevav pe Acuteponabn
Mpoiouoa MX kai 10 36,8% wwv acBeviv pe KAviké
Mepovwpévo YUvOpopo , eV Bewpeital apketd cuxvin
Kal n egpdvion tous otnv npwtonabws npoioloa
Hop®n [5]. H xphon nponypévawy, uynihs eukpivelas
HayvNUK®V topoypagwy (MT) 7T pas napéxel tn du-
vatdINta va avIXveUOOUUE TS anopuenivatikés BAAPES
tou @Aolou o€ acBeveis pe CIS, énou oe avtiBeon pe
v npoUndpxouca Bewpnaon, avadeixBnke du akdun
Kal n npwtn anopuedivwtikh eotia og aoBeveis pe CIS
unopei va evtonietal oto pAoId Kal va pnv aneikovi-
Cetal ous oupPaukés MT eykepdnou, ol onoies ival
eupéws O1aBéoiues otous kNIvikous 1atpous [8-11].
ZUVEN®MS, N AVIXVEUON Tns €0tias auths ennpeddel on-
pavukd oo 1o Bepangutkd nAdvo nou Ba eninégel
0 Bepdnwv 1atpds 6oo Kkal v idia tnv Npdyvwon
tou aoBevous. Tautdxpova, o evioniopos Aolikov
BrAapwv anotenel onpavukoé epyaneio otn Siapopikh
b1dyvwon, kabws dAla veuponoyikd voohuata ta
onoia pigouvtal nv M, 6nws voool Tou GAcHatos s
onukhs veupopueniudas (NMOSD), pe ta diabéoipa
bedopéva nou éxoupe péxpl onpepa, bev npooPan-
Aouv o€ peydno Pabud to pAoid tou eykepdou [12].
Ténos, N PeNEN TWV ANEIKOVIOTKMY EUPNPATWY OF
ouvduaopo6 e v agloNdynon twv 1I0ToN0YIKWY EU-
pPNUATwY Kal tnv KAIVIKA €IKOVA Twv acBeviv pnopel
va dwaoel anavtnoels o NANBWPaA EpWTNUATWY Nou
agopouv otov naBoguaiofoyikd Pnxaviopd s M
Kal va avoi€el to dpdpo yia tn dnuioupyia véwv Be-
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paneimv nou Ba enBpadlvouv h Ba ctapatouv v
€€€AIEN s vooou.

TAZINOMHZIH TQN EXTIQN TOY ®AOIOY KAI
IXTOAOTIKA EYPHMATA

To nprto cuotnpa tagivopnaons twv eAorikav Pra-
By, 1o onoio npotdBnke and tous Kidd kar ouv.,
xpICe us PAaRes tou gpAoioy og 7 tinous, cUppwva
pe 10 @AEPIKO OTENEXOS MOU NMAPOXETEVE TNV EUNAE-
képevn nepioxn [13]. Apydtepa dpws, ol Peterson Kal
ouv. 6nuioUpynaoav éva véo, andonoinpuévo ocuotnua
tafivépunons, to onoio xwpilel us enorikés PAGREs,
avddoya pe tnv eviénioh tous, o€ 3 tnous: uno-
xoploelbeis, evbo@nolikés, kal AeukoPNoiikés [14].
Yus unoxoploeideis PAGRes avhkouv ol BAAPREs nou
ekteivovtal ané v enipaveia tou pAolou éws Ts Pa-
Butepes ouPades tns Neukns ouacias, xwpis va npo-
oPdanniouv v unopiolddn Agukn ouaia. Yuxvd, ol
unoxoploeideis BNAPes exteivovial o NEPICOOTEPES
andé pia énikes, napouacialovias YevIKEUpévn uno-
xoploeldh anopuedivwon [12, 15]. BAGRes ol onoies
evronidovtal evids tou @Aoloy, xwpis va npoofan-
Aouv t cupPonn petagu eaids kal AEUKhs ouadias,
ovopdlovtal evbopnolikés. TéNos, ol AEUKOPAOIIKES
BnaPes evtonidovtal ous Babutepes ouPddes tns pal-
@s ouaias tou gAoloy, nepvouv tn cupBonn petagu
Qaids Kal Agukns ouoias Kal enekteivovtal otn Agukn
ouoia. Eival onpavuké va onpeiwBei 6t o1 BAdRes
ol onoigs enekteivovtal kal ous 6 ouPBades s eaids
ouoias tou gykeanikoU gAoloy xapaktnpidovial ws
unoxoploeldeis kal Ox1 ws evbopnorikes, Adyw s
npooPonns ts enipdveias ou eAoloU. LUPPWVa Pe
10 Napdv cuotna tagivounons, undeXouv anouuE-
Aivwtkés eAolikés eaties ol onoies 6ev tagivopouvral
o€ Kavévav anod tous npoavaeepBévies tinous, ava-
deikvUovtas Ty avenapkn katavonoh pas, 1oo ws
npos tnv Npoéleuon 600 Kal ws Npos tnv eEENIEN Twv
BRaBwv autwv [14, 16].

Ta npwta Iotofoyikd euphpata BAawv tou eol-
oU and Pioyies aoBevv pe xpovia, NPoodeuTikn vOOO
petd Bavartov €dei€av anoucia AeppokuTtapikhs Oin-
Bnons, evandBeons cupnAnppatos kal diatapaxns
TOU alpatosykepanikoU Gpaypou, o oxéon WE TS
BAaPes nou evtonidovtal otn Asukn ouaia [3, 17-19].
Tautdéxpova, ol EaTies autés xapaknpilovial and v
unapén peydnou NAnBuouoU evepyonoiNPéVNs HIKPO-
ynoias [20]. Enopévws, €ixe Slapgop@wBei n dnoywn
6u o naboguoiooyikds PNXaviopds PE Tov ornoio
dnpioupyouvtal ol BAdRes tns eaids ouacias ival oi-
aQopetKos, kabBws ol PAaPes tou eAolou dnuioup-
youvtal o€ £€6a(os onuavtkd PiIkpdtepou Babuou
@AgyUovNs, OUYKPITKG PE AUTES Tns AEUKAS ousias
Kal n dnpioupyia twv cTMV TNs Gaids ouoias netal
autdv s Agukns ouaoias, n dnuioupyia twv onofwv
EVEPYONOIEl TN PIKpoyAoiad, MoU otn ouvéxela Npokane
BAaPes oto pnoid [20]. Xnv ndpodo tou xpdvou, N
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€E€NIEN tns texvonoyias kal n xphon véwv peBddwv,
pas ébwaoav t duvatdtnta va penethooupe us BAEPes
Tou @AoloU oe aoBeveis pe npwipn vooo, alid kai va
ounnétoupe véa IotoNoyIkd eupnpata. ZUPQWVaA PE ta
vEOTEPA IoToNoYIKA EUPNPATA, Ta onoia cuniéxBnkav
1600 and n penéwn Broyiwv and aoBbeveis pe xpovia,
NPoodeuTIKN pop®n tns véoou, annd kar and acbeveis
HE NpwIPN vooo, ol BAAREs tou ploioy cuoxetidovial
he onpavukoU BaBuou pnviyyikh eAgypovn, otny
0Onoia CUPPETEXOUV HOKPOPAYQ, EVEQYOMOINPEVN Ui-
kpoydoia, anddd kar Aeppokuttapa [1, 21-24]. Eni-
npdoBeta, e T XxpHon VEWY aneIKOVIOTUKWDY YeBddwv
evioniotnkav @Aolikés BAaRes oe aoBevels pe npwiun
vooo, anoucia PAaBv tns Neukns ouaias [10], evd
tautdxpova, Iotofoyikés penétes €dsi§av 6T ol uno-
xoploeldeis BAaPes ouoxetiCovial Je ONPAVTIKOTEPOU
BaBpou eAsypovh évavu twv Asukopolikwv [25,
26]. Enopévws, 10 «pdno- KAeIbi» Nou Kateixe apxika
n evepyonolinuévn pikpoynoia otn dnpioupyia ano-
HUEAIVWTIKDV €0UWV 010 PAoId Tou gykepdnou, €xel
nAgov n pnviyyikh eAieypovn. Ta véa autd uphuata
avanodpacta kabaipeoav v ws TOTe ENiKkpAtoUoad
Bewpia kal odbhynoav otn diaudpPwaon pias véas Be-
wplias, n onoia Baciletal otn “surface-in” diapéBuion
[27, 28]. H Bewpia auth unootnpilel 6t pAsyuovmdels
NapAyovtes, ol ornoiol Bpiokovial oto eykepanovwtaio
uypo (ENY) evioxUouv tnv anopuendivwaon, 1doo ous
unoxopIlo€ldeis o0 Kal oS NEPIKOINIOKES MEPIOXES,
ous onofes Napatnpeital onpavukn anwneia veupm-
vwv, aotpokuttdpwy, Kal oflyodevdpokuttdpwy, n
onofa napouaciddel diaBabuion kal PEIVETal onuavu-
K& ous Babutepes ouPdédes tou gpAoiou kal tns AEUKNS
ouoias. H Bewpia tns “surface-in”&iapdBuions dev
apopd Yovo Us anopueNIVWTKES £oTies, KABMS Ta
€Uphpata autd napatnpouvial didxuta os 640 Tov
eyképano Kal 1o vwuaio puend [27-29]. O1 neploxes
ToU eykePAnou acBevv pe xpdvia MZ, ol onoies xa-
pakwnpifovtal cuxvotepa and ektetapévn anopueni-
vwon tou gykepanikou ¢roiou, gival o eRoids tou
npooaywyiou, s napeykepanidas, Tou INNGKApnou,
ToU petwniaiou ooy, tou Kpotaikou Aofou Kal s
vhoou. Menétes oe aoBeveis pe xpdvia vooo €6eiEav
ONPAVTKA CUOXETON PETAEU EKTETAPEVNS AMOPUE-
Aivwons kal onpavukns pnviyyikns eagypovns [30].

ATEIKONIZTIKA EYPHMATA AINMOMYEAINQTI-
KQN EXTION TOY ®AOIOY

H aneikdvion tou eyke@anou pe tn xpnhon oup-
Baukwv MT, éws kar 3T, duoxepaivel onavukd v
EVIONION TWV ANOPUEAIVWTKWDV ECTMV Tou pAoloU
Tou gykepdnou, 16oo ous T2-weighted 600 kal ous
fluid-attenuated inversion recovery (FLAIR) akofou-
Bies, kal ws Npos tov apiBud tous, afd kal ws NPos
v akpIfn evidonion tous [28, 29]. To peyadltepo
NOC0CTO TWV ANOPUEAIVWTIKDY ECTWMY ToU Aoioy
aut@v bev avixveuetal Adyw TouU PIKpoU peyéBous

Tous, tnv aduvapia akpifous npoadiopiopol tou
opiou peta&y Asukhs kal eaids ouaias, kKaBs eni-
ons Kal s Unap&ns niBavav texvikwv opanpdtwy
(artifacts) nou evdéxetal va dnuioupynBolv Adyw
s Aeukns ouaias kal tou ENY, kupiws o€ BAaPes
nou evtonidovtal otnv enipavela tou ¢noiou [33]. O
payvnukos topoypd@os 7T napéxel augnpuévn xwpl-
kh avaduon, BeAuctonolvias 1G00 v avixveuon
WV ECTUMV ToU PAoloU, 600 Kal TN owoth Tagivo-
punon tous [31, 32]. O uwnins sukpivelas double
inversion recovery (DIR) akofouBies eival autés nou
xpnaoigonolouvial cuxvotepa, v akofouBouv ol
phase sensitive inversion recovery (PSIR) akofouBies.
O1 DIR akoflouBies peicvouv 1o onpa tou ENY kal
s AgUkns ouaoias, SiEukoAUVOVTAS Ty avayvwpeion
twv PAapav tou @rolou [36]. Or Abdelrahman kal
ouv. pedgtnoav Kal cuvékpivav n xpnon FLAIR kal
DIR akoAouBimv ws Npos tov evioniopd éAwv twv
wWnwv eAolik®v gotdyv, anid kal Uy ths AEUKAS
ouoias og 82 aobeveis pe MY [36]. ZUPPWvA PE 1
anotenéopata s penémns auths, n xpnhon twv DIR
akonouBimv uneptepsi évavu twv FLAIR akofouBidv
WS NPOSs tov akpIRN evtoniopod kai tnv tagivounon twv
@AOIKOV E0TIMV O OAES TS NEPIOXES TOU eyKEPAou
us onoigs Sigpelivnoay, ev Oev napatnphBnke otat-
oukd onpavukn diagopd ws Npos tov evioniopd BAa-
Bv tns Neukns ouaias petatt twv dUo akoAouBiv.
EninpéoBeta, napatnphBnke otatuoukd onpavukh
ouox€uon Petaty tou auénuévou goptiou PAoIiKOY
€0UWV Kal Tou augnpévou EDSS score twv acBeviv
[37]. Avtiotoixa anoteféopata avédeite Kal n penén
twv Ertan kar ouv., cUp@Wva Pe v onoia N xphon
twv DIR akodouBiwv evionice nevianidoio apiBud
evbo@nolikav BAaBdv ané 6u ol FLAIR akodoubies
kal oxeddv dinAdaoio apiBud napa@Aolwdwyv otV
[38]. Qoto0oo, o penétes twv Moraal kal ouv. Kal twv
Vural kal ouv. katéAngav oe avtibeta anotenéopa-
1a, evioxuovias th xphon twv FLAIR akodouBidv yia
v avixveuon napa@ioiwdwv BAaBiv évavu twy
DIR akodouBiwv [36, 37]. Apydtepa, akofouBnoav
penétes ol onoies ouvékpivav tn xphon DIR kal PSIR
akonouBimvV yia tnv avixveuon Napa@AoIik@V E0TMV.
YUPQWVA HE 10 anoteNéopata Twv YEAETWDV auTwy,
ol PSIR akonouBies napéxouv peyanutepn akpipeia
WS NPOS TNV evidNIon twv AEUKOPAOIKMDY ECTIWY,
ev ous DIR akodouBies o1 napagiolndels BAaPes
unopei va aneikovifovial ws Aeuko@noilkeEs [38, 39]
. H akpIBnhs evidonion kal o owotds XapakinpIiouos
Twv napa@nolwdmv ecuwv gival UYiotns cnyaoias,
kaBms n napouaia tous xpnaigonolgital yia tn didyvw-
on s M, oUpewva pe ta avaBewpnpéva Kpitpia
McDonald 2017 [43]. Znpavukd anoteAéopata, nou
avabeixBnkav péoa and penétes Nnou cuoxeti(ouv
10 AMNEIKOVIOTKA EUpNUaTta nou cuAféxBnkav Pe
xphon uynins eukpivelas MT 7T kar tnv KAvIKA €1-
Kova twv aoBevav pe M, €dei€av 6u ol aobeveis
ue Ynotponidlouoa-Aiafeinouca M napoucidlouv
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au€npévo pubud epPAvions anoPUENIVWTKWDY ECTIMV
otn AUk oucia ToU EYKEQPANOU OE OXEON PE TOUS
aoBeveis pe Asuteponabn Mpoiovoa ME , ol onoiol
egpavifouv autnuévo pubud sppdvions anopueni-
VUKDV €0UMY 0Tn ald oucia tou eyke@dnou. Ta
EUPAPATa autd evioxUouV TN CUOXETON PETAEU TWV
aNOHUENIVWTKWY £0TICV TOU PAoIoU Kal ToV augnuévo
BaBud avannpias [26].

LYMNEPAZMATA

H avixveuon twv anopueAIvwTKOV E0TIWMV TOU
@NoIoU Tou eykepdanou ival ECAIPEUKA ONUAVTKA,
1000 ot KAIvIkd 600 Kal og gpeuvnuké eninedo. O
evtoniopoés twv eAolikwy BAav pnopsi va npoopé-
PEI ONPAVUKES NANPOPOPIES yIa TNV NpOyvwon twv
aoBevav pe MZ, kaBws 1o auénpévo poptio eAoiikdv
€oumV oxetietal onpavukd pe au§npévou Babuou
avannpia kar coBapd yvwoukd eAneipata, evod na-
pannnna eivar 1iaitepa onPAvukos yid tous aoBevels
pe kAIVIKG pepovwpévo ouvdpopo , kaBws pnopef
va enNnpedoel onpavukd tnv enifoyn tou Bepaneut-
KoU nAdvou tou aoBevouUs. Ze epeuvnukod eninedo,
0 akpIBns evtoniopds twv BAafdv autdv pnopei va
NPoopépel onuavukeés nAnpo@opies, ol onoies Ba o-
nBhoouv otnv anocagnvion tou naBouaiofoyikou
pnxaviopou nou egniéketal otn dnpioupyia tous. H
penétn twv ectumy tou gpoloU pnopel va odnynaoel
1000 otV aveupeon véwv Plodeiktv oto ENY, ol
onofol Ba xpnaoipyonololvial yia tnv napakodouBnon
twv aoBevv pe akuvoAoyiKa pegovwpévo ouvopouo
, kAivikd pepovwpévo ouvopopo kai MoAdanin IkAn-
puvon, anAd kar v dnpioupyia VEwY, OTOXEUPEVWY
Bepaneitv.
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