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ABSTRACT

Myelin plasticity is fundamental to the formation of neural networks and the optimization of neural functions, shaping
circuits governing emotion, cognition, sensation, and motor control. Synthesized by oligodendrocytes, myelin undergoes lifelong
remodeling that demands high metabolic activity; this renders the myelin-oligodendrocyte unit highly susceptible to metabolic
stress, aging, and pathological insults. While demyelination is the core hallmark of various chronic neurological disorders, this
review specifically highlights its emerging role in Alzheimer’s disease (AD). Myelin impairment is increasingly recognized as an
early pathological event in AD, potentially preceding the classic accumulation of amyloid plaques and neurofibrillary tangles. Here,
we provide a comprehensive overview of myelin structure and function, evaluating the potential of tracking myelin changes as
early diagnostic biomarker for AD. We further synthesize recent evidence regarding myelin pathology across a spectrum of central
nervous system disorders including multiple sclerosis, leukodystrophies, cerebral small vessel disease, psychiatric disorders,
and traumatic injury, highlighting the underlying pathological mechanisms. Furthermore, we examine emerging therapeutic
strategies, ranging from pharmacological interventions to noninvasive stimulation, aimed at restoring oligodendroglial function
and promoting remyelination. Finally, we offer a forward-looking perspective on myelin regeneration research, emphasizing its
critical potential as a novel therapeutic target for AD and other neurodegenerative conditions.

1 | Introduction

Myelin, a multilayered lipid membrane that ensheathes neuronal
axons, is produced by oligodendrocytes in the central nervous
system (CNS), and is essential for rapid and efficient signal
conduction. Emerging evidence indicates that myelin integrity is
not only critical for nerve conduction velocity, but also deeply
involved in neuronal survival, axonal metabolic support, neu-
ral circuit formation, and plasticity [1]. Consequently, damage,

maldevelopment, or dysfunction of the myelin represents a
central pathological feature and a key contributor to a wide range
of CNS disorders [1].

With the aging of the global population, Alzheimer’s disease
(AD) has become a pressing public health challenge, as both its
prevalence and associated economic costs continue to climb. For
decades, AD research and therapeutic development have largely
focused on amyloid-f (AB) plaques and tau neurofibrillary tangles
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FIGURE 1 | Hypothesis model diagram of AD-related myelin injury.

Preclinical AD stage includes CN and SCD. aMCI indicates MCI due to
AD. AD, Alzheimer disease; CN, cognitively normal; MCI, mild cognitive
impairment; SCD, subjective cognitive decline.

(NFTs) as primary hallmarkers of neuronal loss and synaptic
damage [2, 3]. However, existing clinical treatments for AD
exhibit limited efficacy and safety. Recent studies highlight that
disruption of myelin integrity occurs early in AD and correlates
closely with the rate of cognitive decline. A new model of
AD now proposes myelin damage as an upstream risk factor
for its hallmark pathology [4], a view supported by clinical
neuroimaging and molecular studies [5, 6]. White matter hyper-
intensities (WMH), which reflect myelin loss, predict aggressive
cognitive decline in individuals with mild cognitive impairment
(MCTI) [5]. Consistent with this, in vivo myelin water fraction
(MWF) imaging has revealed myelin degradation in patients with
MCI and dementia [7, 8], suggesting that myelin breakdown is
one of the earliest structural alterations in AD brains. Notably,
this process appears to be driven by age-related DNA damage
independently of amyloid deposition [6].

Critically, Depp et al. [4] proposed that age-dependent myelin
structural defect can directly or indirectly promote AS plaque
formation via two mechanisms: one is that myelin dysfunction in
the aging forebrain activates microglia, thereby impairing their
capacity to clear Af deposits and prevent plaque formation [4];
and the other is that aging myelin loses its axon-supportive
functions, resulting in axonal distress, which subsequently ele-
vates neuronal BACE1 and amyloid precursor protein (APP)
levels, indicative of increased Af production [4]. Additionally,
oligodendrocytes have also been shown to express high levels
of APP and other amyloidogenic processing proteins [9]. When
studied in AppN“CT/NLGF knock-in (APPKI) mouse model of
AD, oligodendrocytes have been shown to produce considerable
amount of AB, contributing to plaque burden alongside neurons
[9]. It seems that in AD, neuron is unlikely the only producer of
aggregate-forming proteins. The oligodendroglial A8 production
could explain why white matter susceptibility to the disease
often occurs early [10]. Consequently, myelin breakdown and
oligodendrocyte injury could be considered as a pivotal early
event in AD pathogenesis (Figure 1).

Myelin’s vulnerability in aging and AD stems from its dynamic
biology. In the CNS, myelin is synthesized by oligodendrocytes
to support axonal integrity, energy metabolism, and neural

synchrony [11]. Myelin, traditionally viewed as a stable structure,
is now understood to undergo dynamic modulation throughout
life [12]. Its lifelong remodeling demands high metabolic activity,
rendering oligodendrocytes and myelin susceptible to age-related
stressors. Also, aging myelin becomes thinner and shorter [13],
increasing vulnerability to oxidative damage, Af toxicity, genetic
and environmental risk factors [14]. This cascade culminates
in axonal degeneration, white matter lesions, and circuit dys-
function underlying cognitive deficits [15]. Brain regions that
contain a high myelin content has also been shown to be
more resistant to developing tau pathology in AD [16], implying
that myelin may confer protection against both A and tau
pathologies. Preclinical experiment in AD model has shown
that promoting remyelination restored hippocampal sharp-wave
ripples and rescues memory [17], highlighting myelin repair as a
promising therapeutic avenue for AD-related myelin injury.

In addition of AD research highlighting the myelin’s role in AD
pathogenesis and its therapeutic implications, this review also
synthesizes emerging evidence on various CNS diseases, includ-
ing multiple sclerosis (MS), leukodystrophies, vascular dementia
and cerebral small vessel disease (cSVD), psychiatric disorders,
secondary myelin loss following traumatic CNS injury. We first
overview the myelin biology and summarize the biomarkers
of myelin, which may help detect myelin integrity. We then
update the shared pathological mechanisms converging on oligo-
dendrocyte injury and impaired myelination or maintenance,
linking myelin dysfunction to several CNS diseases. Finally, we
discuss therapeutic strategies aimed at promoting myelin regen-
eration and highlight the growing potential of myelin-targeted
interventions to slow the progression of demyelinating disorders.

2 | Structure and Function of Myelin in Central
Nervous System

The myelin has the core role from structural support to functional
regulation in CNS. Thus, elucidating the fundamental structure,
composition, and function of myelin is crucial for comprehending
its role in AD. Furthermore, the development of sensitive and
intuitive detection methods is instrumental in advancing our
understanding of the role of myelin in AD.

2.1 | Structure and Components of Myelin

Myelin in the CNS is a specialized cell membrane produced by
oligodendrocytes [18]. The dry mass of CNS myelin is predomi-
nantly composed of low protein content consisting of 25%-30%
[19], with a relatively high lipids content accounting for 70%-75%.
Myelin contains unique lipid-related proteins, primarily myelin
basic protein (MBP) and proteolipid protein (PLP) [18]. MBP is
essential for myelination [20], while PLP stabilizes myelin [21].
Myelin sheath comprises a diverse array of lipid components,
primarily including cholesterol, glycosphingolipids (GSLs), and
phospholipids [20]. This composition contrasts with most biolog-
ical membranes, which typically exhibit a higher protein-to-lipid
ratio. The distinctive lipid-rich composition of the myelin confers
its unique insulating properties, which are crucial for isolating
axons from their surrounding microenvironment and facilitating
rapid nerve conduction. Myelin is highly enriched in lipids, with
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aunique composition (cholesterol/phospholipids/glycolipids in a
2:2:1ratio) called lipid rafts, which are important for the guidance
of membrane proteins, trafficking, and signaling [22]. They are
also central to APP amyloidosis processing in AD [23], linking
altered lipid raft composition to AD pathogenesis [24]. Thus, AD
can be viewed as a plasma membrane disorder [25], exploring
lipid rafts can offer insights into its mechanisms and treatments.

2.2 | Function of Myelin in Neural Oscillation and
Cognition

The role of myelin in learning and memory function is important.
The learning and memory functions of the brain depend on not
only the information transmission between neurons, but also on
the appropriate patterns or synchronization of different neuron
clusters, especially the connections between the hippocampus
and cortex [26, 27]. The role of myelin in learning and cognitive
function can be explained from two different levels: at the cell
level, myelin is responsible for insulating axons, supporting axons
and ensuring bidirectional communication between axon-glial
cells. At the global brain level, myelin is responsible for coordinat-
ing the connection of neuronal components and the association
of functional brain centers for complex information processing
[28]. Even small changes in myelin thickness or nodal structure,
could have profound effects on neuronal network function [29].
Therefore, ensuring the integrity and normal function of myelin
sheaths is crucial for maintaining the accuracy and efficiency of
signal transmission between neurons, as well as maintaining the
normal function of neural networks.

The function of myelin in learning and memory was driven by
experience induced oligodendrocytes generation in adulthood
[30] (Figure 2). In vivo animal experiments have shown that
inhibition of oligodendrocyte progenitor cell (OPC) differentia-
tion into new myelinating oligodendrocytes can impact memory
across a variety of behavioral tasks [31], while promoting adaptive
myelin formation could rescue chemotherapy-related cognitive
impairment [32]. And also, the decline of learning and memory
is the most important and typical clinical phenotype in various
stage of AD [31]. Thus, it can be inferred that in AD, insufficient or
failed adaptive myelination caused by various factors could result
in learning and memory disabilities because of the synaptic and
neural circuit damage [33-35]. A comprehensive understanding
of the dynamics of oligodendrocyte generation and adaptive
myelination is crucial for elucidating the potential role of myelin
in AD [30].

23 |
System

Biomarkers of Myelin in Central Nervous

Since this review mainly emphasized the role of demyelination in
AD, we only summarize the change of the biomarkers of myelin
in AD.

The role of myelin in brain function encompasses a range of
biological processes that are intricately linked to the alterations
in myelin lipid synthesis and composition. Consequently, the uti-
lization of specific molecular biomarkers and imaging biomarkers
to assess the integrity of the myelin sheath is valuable for the

clinical evaluation of AD [37]. In this section, we evaluate the
myelin-associated molecular and imaging biomarkers in AD.
The onset and progression of AD is linked to myelin damage.
Biomarkers of myelin damage may serve as valuable indicators
for assessing the progression of AD. Notably, reduction in myelin-
specific lipid types, such as GSL, glycerophospholipids, and
cholesterol, are frequently observed in the cerebrospinal fluid
(CSF) and other body fluids of AD patients [38, 39]. Also, change
of lipids components was observed in various brain regions
in both gray and white matter [40, 41]. These observations
collectively suggest that the metabolic dysregulation of key
lipid components of the myelin sheath is both stage-specific
and region-specific in AD. Functionally, the reduction in these
myelin-specific lipids is associated with myelin degeneration and
the loss of white matter integrity in the AD brain. Consequently,
these specific lipid alterations may serve as biomarkers for AD-
related demyelination. Lipidomics analysis data have predicted
with 90% accuracy the transition from normal cognition to
amnestic MCI or mild AD within 2-3 years [42]. Moreover,
MBP, PLP, and myelin oligodendrocyte glycoprotein (MOG),
along with their associated antibodies, are found in serum
and CSF. These components have been previously identified
in certain demyelinating and neurodegenerative diseases [43].
These findings suggest the potential use of antimyelin antibodies
as biomarkers for AD. As various myelin components undergo
changes with aging, examining alterations in component propor-
tions of lipid and protein profiles offers a more comprehensive
approach than detection of one single component.

In comparison to the molecular biomarkers, brain magnetic
resonance imaging (MRI) is regarded as a noninvasive and
intuitive method for observing the microstructures of the central
myelin sheath. Myelin is primarily assessed through quantitative
MRI [44], which offers the measurements of white matter myelin
content [45]. MRI T1 and T2 relaxation times are closely corre-
lated with myelin content. However, the T1 signal (as observed
on Tl-weighted images) is also influenced by water content and
variations in white matter microstructure that are independent of
myelin volume fraction [45]. Similarly, the T2 signal is affected
by myelin composition or the spacing of myelin lamellae [45].
Consequently, Tlw/T2w ratio images provide a proxy estimate
of myelin content and are utilized as a practical approach for
studying myelin content [46]. Lee et al. [47] identified significant
positive correlations between the white matter T1w/T2w ratio
and executive function in regions such as the fornix, sagittal
stratum, anterior internal capsule, and the body of the corpus
callosum. This finding suggests an association between the white
matter TIw/T2w ratio and both executive function and disease
progression. Recently, a novel neuroimaging technique, known
as multicomponent-driven equilibrium single pulse observation
of T1 and T2 relaxation times (mcDESPOT), has been developed
based on MRI T1 and T2 measurements [48]. This method
offers enhanced specificity for noninvasive MRI myelin mapping.
Nonetheless, mcDESPOT is also subject to certain limitations,
including potential inaccuracies in assessing myelin composition
and lamellar spacing, as well as the resolution of only two
components [49].

In addition, it has also been reported that quantitative MRI
techniques including myelin water imaging, diffusion tensor
imaging (DTI), and neurite orientation dispersion and density
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FIGURE 2 |

(A) represents the differentiation of OPC into oligodendrocyte to generate myelin sheath, which is mainly composed of lipids

(cholesterol, GSLs and phospholipids) and proteins (PLP and MBP). (B) represents function of myelin. Stylized diagram of myelinating oligodendrocytes
connecting different types of long-term memory, including spatial memory, Pavlovian fear memory, and motor skills, assessed in specific behavioral
paradigms (clockwise from top left: single-pellet forelimb reach, complex wheel, contextual fear, Morris water maze) and underpinned by distinct neural

systems [36], representing how oligodendrocyte and myelin changes in the brain are involved in the modification of circuit functions underlying learning

and behavior.

imaging (NODDI) are often used to qualify myelin [50, 51].
Bouhrara et al. have demonstrated that individuals with MCI
exhibited a reduced MWF, and such demyelination is more
pronounced in AD [7]. Furthermore, a lower myelin content has
been linked to a more rapid cognitive decline in a long-term
follow-up cohort study [52], suggesting that MWF may serve
as an imaging biomarker for predicting cognitive changes. DTI
parameters include fractional anisotropy (FA), mean diffusivity
(MD), axial diffusivity (AxD), and radial diffusivity (RD) [51]. In
a recent longitudinal MRI study, Shafer et al. revealed that the
rate of decline in white matter microstructure assessed by DTI,
is correlated with the rate of cognitive decline [53]. Morrissey
et al. also observed a reduction of FA, an indicator of white
matter integrity, across the hippocampus, anterior commissure
(AC), neocortex, and hypothalamus in an APPKI mouse model
of AD [54]. Diffusion of DTI is regulated by a variety of tissue
properties, such as axon diameter and density, myelin content,
fiber orientation coherence, extracellular water, and other glial
cells [55]. To compensate for this limitation, Burzynska et al.
[56] employed a more sophisticated model of white matter
tissue diffusion, namely, NODDI to analyze two quantitative
metrics: the neurite density index (NDI) and the orientation
dispersion index (ODI). Previous clinical research utilizing the
NODDI model to examine cortical microstructural changes has
revealed a reduction of NDI and ODI across extensive cortical
regions in both young-onset and sporadic AD participants [57,
58]. Furthermore, individuals with higher amyloid and phospho-
rylated tau burden exhibit lower cortical NDI [57, 58]. A recent

advancement in this field is the in vivo measurement of g-ratio
defined as the ratio of the inner to the outer diameter of the
myelin sheath of a myelinated axon [59]. Computing a g-ratio
metric is an effective way to interpret any combination of myelin-
weighted and axon/fiber-weighted MR data [59]. In patients with
hypomyelinating disorders, this technique could offer valuable
insights into myelin sheath thickness and may be employed to
monitor spatiotemporal changes as therapies become available
[50].

These findings highlight the importance of myelin loss and
related white matter signal assessment in cognitive function of
AD patients, and can be served as an imaging biomarker to
predict cognitive decline (Table 1). However, due to the low spatial
resolution of standard MRI sequences [60] and the MRI methods
indirectly used to assess myelin integrity [61], the understanding
of the dynamics of OPC recruitment, oligodendrocyte generation,
and remyelination within specific neural circuits is still limited.
Therefore, more sensitive and intuitive imaging techniques and
biomarkers should be further explored.

3 | Pathological Mechanisms of Myelin
Impairment in Central Nervous System
Myelin-Related Diseases

Myelin is generated by oligodendrocytes and its lifelong remodel-
ing demands high metabolic activity, rendering oligodendrocytes
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TABLE 1 |

Image biomarkers of myelin in AD and cognitive recognition.

Image biomarker Application

Limitation

T1w/T2w ratio T1w/T2w ratio is positively correlated with T1 signal is influenced by water content and
executive function in regions of the fornix, variations in white matter microstructure. T2
sagittal stratum, anterior internal capsule, signal is affected by myelin composition or the

and the corpus callosum [47]. spacing of myelin lamellae [45].
mcDESPOT mcDESPOT enhances specificity for mcDESPOT has inaccuracies in assessing myelin
noninvasive MRI myelin mapping [48]. composition and lamellar spacing, as well as the
resolution of only two components [49].
Myelin water MCI and AD show decreased MWF [7]; low The whole-brain coverage of MWF request for the
imaging MWEF predicts cognitive decline [52]. high-energy deposition and long scan times,
which limited its wider dissemination [62].

DTI Decreased FA (hippocampus, AC) indicates DTI is affected by axon diameter and density,

white matter integrity [54]; declined DTI is myelin content, fiber orientation coherence,
correlated with the rate of cognitive decline extracellular water, and other glial cells [55].
[53].

NODDI Reduced NDI and ODI in cortical regions NODDI is influenced by imperfect suppression of
are in AD compared to CN, and lower CSF signal or by the diffusion signal arising from
cortical NDI is correlated with higher underlying white matter, especially in thinner

amyloid and phosphorylated tau burden areas of the cortex [58].
[57, 58].
g-ratio A smaller g-ratio indicates a thicker myelin g-ratio is influenced by MR artifacts, lack of

[59]. Increased g-ratio is exacerbated with
ageing in the 5XFAD mouse model [63].

specificity, low spatial resolution, and long
acquisition times [59].

Abbreviations: AC, anterior commissure; CN, cognitively normal; CSF, cerebrospinal fluid; DTI, diffusion tensor imaging; FA, fractional anisotropy; mcDESPOT,
multicomponent-driven equilibrium single pulse observation of T1 and T2 relaxation times; MR, magnetic resonance; MWEF, myelin water fraction; NDI, neurite
density index; NODDI, neurite orientation dispersion and density imaging; ODI, the orientation dispersion index.

and myelin susceptible to aging-related stressors and pathological
insults. Myelin impairment has been shown to be widely involved
in the pathological processes of various neurological diseases,
including MS, leukodystrophies, vascular dementia and cSVD,
psychiatric disorders, secondary myelin loss following traumatic
CNS injury, and so forth. Recently, myelin impairment is consid-
ered as an early pathological feature in AD, preceding amyloid
plaque and NFT formation. Therefore, we update the evidence of
myelin impairment in a range of CNS demyelinating diseases and
its possible pathological mechanism, specifically in AD.

3.1 | Pathological Mechanisms of Myelin
Impairment in Alzheimer’s Disease

The pathological mechanisms of AD developed over decades,
resulting in a multitheoretical framework including the A
hypothesis, the neuroinflammation hypothesis and the cell
senescence hypothesis [64]. Among these, the amyloid cascade
hypothesis stands out as a key model for understanding AD
pathogenesis and guiding the development of current treatments.
However, a novel working model for AD proposed that myelin
damage might be as an upstream risk factor for A§ deposition
[4]. Therefore, we have summarized the pathological mechanism
of myelin injury in AD for providing relevant theoretical basis
for the treatment strategy of AD, especially for its early stage.
Myelin loss in AD encompasses a range of alterations, such as
inadequate myelin regeneration, excessive myelin degradation,
and demyelination. This deterioration can be triggered by a com-

bination of aging, genetic, and environmental factors, potentially
resulting in damage of myelin or even myelin loss in AD. Aging is
strongly associated with demyelination, and AD is considered as
homeostatic dysfunction to age-related myelin impairment [14].
Genetic factors contributing to this process include mutations in
genes such as APP, presenilin (PSEN), Apolipoprotein (APOE),
and others. Environmental factors such as ischemia and hypoxia,
immunization and inflammation, alterations of gut microbiota,
metabolic disorders, alterations of cell microenvironment are
involved in the pathogenesis of AD-related demyelination (see
Figure 3).

3.1.1 | Genetic Factors

At present, genetic factors closely related to the pathogenesis
of AD include mutations in genes such as APP, PSEN, APOE,
and triggering receptor expressed on myeloid cells 2 (TREM2).
APP gene and PSEN gene mutations are commonly found
in fAD, which will directly lead to the abnormal accumu-
lation of Af protein, and the formation of amyloid plaques
triggers neuronal damage and myelin degeneration. Morrissey
et al. found that APPKI mice display myelin microstructural
changes and increased oligodendrocytes and oligodendrocyte-
related proteins, suggesting an impaired homeostasis or regu-
lation of oligodendrocytes and myelin [54]. Minguillén Pereiro
et al. found that PSEN2 mutations cause striking WMH,
arguably related to myelin disruption induced by amyloid
accumulation [65].
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FIGURE 3 | Pathological mechanism of AD demyelination. Pathological mechanism of AD demyelination included genetic factors and

environmental factors. Genetic factors included APP, PSEN, APOE, and others. Environmental factors included ischemia and hypoxia, immune

response/inflammation, gut microbiota, metabolic disorders, cell microenvironment are involved in the pathogenesis of AD-related demyelination.

OL, oligodendrocyte.

The APOE €4 allele is recognized as one of the most significant
genetic risk factors for sporadic AD. Myelin alterations in AD
are more pronounced especially in individuals carrying the
APOE ¢4 allele [66]. The underlying mechanism may involve
the association of the ApoE &4 polymorphism with reduced
cholesterol bioamyloid-beta synthesis in myelinating oligoden-
drocytes [67] and accelerated demyelination with advancing age
[66, 68]. Furthermore, demyelination in the white matter of AD
patients can diminish the efficiency of microglia in A and tau
pathology [4], thereby contributing to the hallmark pathological
changes and cognitive decline of AD [69, 70]. Additionally, other
genes that increase the risk of AD including triggering receptor
expressed on TREM2, clusterin (CLU), and phosphatidylinositol-
binding clathrin assembly protein (PICALM), all of which also
affect the integrity of the myelin sheath [71-73]. However, the
interaction between these genetic factors and myelin dysfunction
and its contribution to AD pathology progression and cognitive
decline needs further exploration.

3.1.2 | Ischemia and Hypoxia

Oxidative stress can be directly induced by ischemia and hypoxia,
and myelinating oligodendrocytes are particularly vulnerable

to oxidative stress due to their highly metabolic demands and
enriched iron and lipid content [12, 74]. Consequently, ischemia
and hypoxia are significant contributors to demyelination [75].
Various stages of oligodendrocytes have been reported to undergo
different mechanisms of cell death [76], thereby contributing to
the complexity of subcell-type populations of oligodendrocytes
and their susceptibility to diverse pathological insults. It has
shown that excessive oxidative stress has a negative impact
on myelin homeostasis, in decreasing OPC proliferation and
maturation, oligodendrocyte numbers, and myelin-related genes
and proteins both in vitro and in vivo [77]. And its underlying
mechanisms are complex. One is that cerebral ischemia and
hypoxia will directly cause abnormal oxygen metabolism and
affects DNA stability, induces oxidative stress, and increases iron
levels [78]. Furthermore, the energy crisis caused by ischemia and
hypoxia can lead to lactic acidosis, which increases the concentra-
tion of free Fe?* in the cytoplasm, leading to Fenton reaction and
inducing oxidative stress [79]. Moreover, oligodendrocytes exhibit
the highest rate of oxidative metabolism by volume in all cell types
of CNS [80] and possess a limited capacity to clear peroxides [81].
The limited compensatory ability ultimately leads to excessive
production of peroxides, resulting in lipid peroxidation, loss
of protein function, DNA damage, mitochondrial dysfunction,
cell apoptosis, inflammatory response, and cell proliferation and
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differentiation defects [82, 83], ultimately leading to functional
impairment of myelin [84].

Additionally, oligodendrocyte is extremely sensitive to the disrup-
tion of intracellular calcium homeostasis [85]. Under ischemic
and hypoxic conditions, the resultant energy crisis and metabolic
stress precipitate prolonged overstimulation of neurotransmitter
receptors. This overstimulation leads to a substantial elevation in
cytoplasmic Ca?* levels and mitochondrial bioenergetic dysfunc-
tion [86]. Its associated characteristics include impaired oxidative
phosphorylation, generation of reactive oxygen species (ROS),
release of apoptotic proteins such as cytochrome C, and cell
death [87, 88]. And apoptosis of oligodendrocyte directly results in
injury to myelin and myelin loss. Furthermore, hypoxia can inflict
damage on vascular endothelial cells, compromising the integrity
of the blood-brain barrier (BBB) and exacerbating myelin damage
[89]. This process is linked to the intrinsic hypoxia-inducible
factor (HIF) signaling within OPCs [90]. The interplay of these
mechanisms collectively leads to myelin sheath damage under
hypoxic conditions. Chronic hypoxia triggers compensatory neu-
roprotection via insulin-like growth factor-1 (IGF-1) and HIF-1a
[91, 92]. However, severe bouts of acute hypoxia and subse-
quent restoration of blood flow (hypoxia/reoxygenation, H/R)
overwhelm compensatory mechanisms and cause neuroaxonal
damage in the brain [93] and H/R could lead to impaired
myelination by upregulating HIF-1/2 which inhibits the OPC
maturation [94]. The above studies indicate that the activity of
HIF signaling molecule in an appropriate oxygen environment
are crucial for correct myelin formation [90]. Recently, it has
been updated that ischemia and hypoxia are important factors
causing abnormal oxygen metabolism in the pathogenesis of AD
[95]. However, it is still unclear whether ischemia and hypoxia
impair directly on myelin in AD brain, which deserves further
exploration.

3.1.3 | Immune Response and Inflammation

The pathological framework of AD encompasses not only
the traditional amyloidosis hypothesis but also the inflam-
mation hypothesis [96]. Myelin loss was initially reported as
the most important pathological feature of MS, and it has
been found in several neurological diseases related to central
inflammatory response [97]. In AD, this central inflammatory
response is intricately linked to autoimmune processes and
peripheral infections [98]. Numerous studies have indicated
that specific peripheral bacteria, such as oral bacteria [99]
and mycobacterium tuberculosis [100], as well as viral infec-
tions, including SARS-CoV-2 [101], COVID-19 viruses [102],
Epstein-Barr virus (EBV) [103], herpes simplex virus 1 (HSV-
1) [104], and herpes viruses [105], may serve as risk factors for
AD.

Peripheral bacterial and viral infections exert both direct and
indirect influences on the brain through various mechanisms
implicated in the pathogenesis of AD [106]. Once the virus infil-
trates the CNS, it begins to replicate and triggers an inflammatory
response, leading to the production of inflammatory cytokines
[107], such as interleukin-6 (IL-6), interleukin-18 (IL-18), and
tumor necrosis factor-alpha (TNF-a) [108]. These cytokines con-

tribute to the upregulation of - and y-secretases responsible
for cleaving APP into Af peptides [109], and promote increased
kinase activity associated with tau hyperphosphorylation [110].
Also, AB oligomers have potent, broad-spectrum antimicro-
bial properties by forming fibrils that entrap pathogens and
disrupt cell membranes [89]. A fibrillization drives neuroin-
flammatory pathways that help fight the infection and clear
B-amyloid/pathogen deposits. In AD, chronic activation of this
pathway leads to sustained inflammation and neurodegeneration
[111]. Tt is likely that increased brain microbial burden may
directly exacerbate B-amyloid deposition, inflammation, and AD
progression [111]. Furthermore, virus-induced peripheral inflam-
mation indirectly impacts AD pathogenesis [107]. Infections such
as SARS-CoV-2 and COVID-19 may exacerbate neurodegenera-
tion in AD by enhancing neuroinflammatory, oxidative stress,
and apoptosis [112]. It was recently reported that vaccination
for herpes viruses reduces risk for AD dementia [105]. Thus,
inflammatory and immune response play important role in the
progression of AD.

There is an immune response against myelin sheaths in AD, with
the emergence of autoantibodies potentially leading to damage
of myelin components such as MBP [113, 114]. Furthermore,
LINGO-1 is important in myelination and LINGO 1 protein acts
primarily as a negative regulator of myelination in AD [115],
and intervention with the LINGO-1 antibody has been shown to
ameliorate spatial memory deficits through remyelination [115].
In the context of inflammation and demyelination in AD, inflam-
matory mechanisms and their products, including antibodies and
macrophages, can contribute to demyelination. EBV infection has
been implicated in the demyelination of the CNS [116], primarily
through the activation of the NLR family pyrin domain contain-
ing protein 3 (NLRP3) inflammasome pathway [117], a critical
neuroinflammatory pathway in AD [118]. Conversely, demyeli-
nation may be initiated by oligodendrocyte and myelin damage,
which precedes inflammation [119], subsequently triggering local
inflammatory responses such as microglial activation [120]. As
oligodendrocytes express high levels of APP [9] and MAPT (tau)
[121], it is possible that the accumulation of such proteins if
not efficiently cleared by microglia could detrimentally affect
oligodendrocytes [122, 123]. This indicates that inflammation and
immune processes mediated by microglia play an important role
in regulating myelin homeostasis and Af homeostasis in AD.
Thus, there exists an intricate relationship between autoimmu-
nity, inflammation, and demyelination in AD, and the causal
processes and precise mechanisms underlying these interactions
require further investigation.

3.1.4 | Gut Microbiota

The bidirectional regulation between the gut microbiota and the
brain, commonly referred to gut-brain axis, has garnered sub-
stantial interest. A multitude of studies have established a robust
correlation between gut microbiota and AD. Notable alterations
in microbiota composition and diversity have been documented
in 5XFAD [124], APP/PS1 [125], and APOE mouse models [126],
suggesting that AD pathology may not only directly impact brain
function but also exacerbate cognitive impairment through mod-
ifications in gut microbiota and associated metabolites induced
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by amyloid deposition. Conversely, oligodendrocyte generation
and myelination may also be influenced by the gut microbiota
and its metabolites [127]. Changes in myelination contributed
to neurodevelopmental disorders [128]. It has demonstrated that
reduced levels of hydrogen peroxide (H,0,) in milk can disrupt
the gut microbiome, leading to abnormal metabolite production,
including D-glucaric acid. This metabolite has been shown to
inhibit hippocampal myelin formation during infancy, potentially
contributing to behavioral abnormalities observed in adulthood
[129]. Furthermore, microorganisms are capable of synthesizing
a diverse array of metabolites, such as short-chain fatty acids
(SCFAs), which play crucial roles in immune regulation. SCFAs
have the capacity to directly influence T-cell differentiation,
promoting the development of T cells that produce proinflamma-
tory cytokines, contingent upon the prevailing cytokine milieu,
thereby eliciting an anti-inflammatory response [130]. Addition-
ally, SCFAs are able to traverse the BBB via transport proteins
located in endothelial cells, consequently impacting neuroin-
flammation. This observation has led to the hypothesis [130] that
self-reactive T cells may become activated within gut-associated
lymphoid tissue as a result of molecular mimicry reactions
to microbial components that resemble self-antigens, such as
MBP, PLP, and MOG, which are implicated in demyelinating
diseases [131, 132]. Consequently, the microbiota-oligodendrocyte
axis, particularly in relation to microbiota and MS-associated
myelin damage, has been extensively investigated [133]. How-
ever, research concerning the microbiota-oligodendrocyte axis
in AD remains limited. Related research reports consistently
indicate that the formation of myelin sheaths in the prefrontal
cortex (PFC) occurs later in early neonatal life, making it more
susceptible to gut microbiota dysbiosis [134, 135]. And the PFC
region is associated with various neurological and psychiatric
disorders, including cognitive impairment and autism spectrum
disorder (ASD), both of which exhibit dysbiosis of the gut
microbiota [136]. Therefore, treatments targeting microbiota—
oligodendrocyte axis include probiotics, prebiotics, microbial
metabolites, herbal bioactive compounds, and specific dietary
management, could be a promising pathway for modulating
oligodendrocyte homeostasis and AD-associated demyelination
[133].

3.1.5 | Metabolism Dysfunction

Lipids constitute a primary component of myelin, and alteration
in lipid metabolism may directly cause demyelination, thereby
contributing to the progression of AD [137]. A focal defect of
several myelin-associated lipid species has been identified in the
hippocampus, cortex, and peripheries of the corpus callosum.
This depletion is indicative of Af plaque-associated disruption
of the myelin sheath, attributed to the loss of myelin lipids
[138]. Additionally, aberrant cholesterol metabolic pathways were
observed in AD patients. Compared to controls, AD patients
exhibited higher ratios of plasma 24S-hydroxycholesterol to 27-
hydroxycholesterol, increased level of free cholesterol, and a
reduced proportion of desmosterol in the brain tissue and
serum [139-142]. Blanchard et al. reported a disruption in lipid
and cholesterol homeostasis in APOE4/4-carrier patients and
APOE4/4-TR mice, and altered cholesterol localization in the
APOE4 brain correlating with diminished myelination [67]. The

expression of APOE4 in oligodendrocytes was found to pro-
mote cholesterol accumulation and impaired myelination, while
treatment with cyclodextrin to enhances cholesterol transport,
showed potential for the improvement of learning and executive
function in aged APOE4/4-TR mice [67]. Abnormal metabolism
of monogalactosyl diglyceride (MGDG) glycerides is a significant
feature of AD pathophysiology [143, 144].

It was reported that the catabolism of myelin lipids to produce
ketone bodies can be utilized to meet the brain’s energy and
fuel requirements via pathways involving mitochondrial deficits,
H,0, production, and cPLA2 activation [145]. Furthermore,
Asadollahi et al. [146] revealed that lipid turnover within the
myelin sheath generates a fatty acid pool in oligodendrocytes,
which may contribute to the energy balance of white matter
tracts. Their findings also demonstrate that under conditions of
limited glucose availability, fatty acid metabolism can support
the survival of glial cells and maintain the functional integrity
of myelinated axons [146]. It seems that lipid metabolism abnor-
mality is involved in the progression of AD through various
mechanisms, including promoting the aggregation and formation
of AB, leading to abnormal cholesterol transport, and activating
microglia and astrocytes, thereby triggering chronic inflamma-
tion [147]. Dynamic changes in lipid levels within specific brain
regions, such as the PFC, are closely associated with cognitive
deficits observed in AD. The alteration of white matter myelin-
associated lipid receptors suggests a crucial role in the pathogen-
esis of the disease [147]. Also, it has shown that mice with glucose
metabolism disorders exhibit decreased cognitive and memory
abilities, probably related to myelin damage [148]. Individuals
with Type 2 diabetes (T,D) have a significantly higher likelihood
of developing cognitive impairment, possibly due to glucose
toxicity [149]. Glycotoxicity activates Cdk5, enhances cPLA2
activity and PGE2 synthesis, leading to neuroinflammation and
myelin damage in the model of T,D mice, suggesting the potential
relationship between T,D diabetes-mediated demyelination and
AD [149]. Therefore, abnormal glycolipid metabolism may be an
important factor leading to demyelination in AD.

3.1.6 | Metal Ions Metabolism

Redox-active metals such as iron, copper, and zinc, known for
their capacity to generate ROS, have been identified in associ-
ation with amyloid plaques and NFT, which are pathological
hallmarks of AD [150, 151]. Iron, in particular, serves as a catalytic
center for a variety of enzymes and is integral to numerous
critical biological processes, including oxygen transport, oxida-
tive phosphorylation, myelin production, and the synthesis and
metabolism of neurotransmitters [152]. It has been reported that
cortical iron levels reflect the severity of AD, with the extent
of altered iron accumulation correlating with the quantity of
AP plaques, tau pathology, and Braak stage [152]. Furthermore,
Merenstein et al. employed curvature-based analyses using quan-
titative susceptibility mapping (QSM) to reveal increased global
magnetic susceptibility in AD compared to controls, with notable
differences between the right and left hemispheres and between
gyri and sulci, particularly in the temporo-parietal regions [153].
These alterations appear to manifest subsequent to the emergence
of AD pathological hallmarks, suggesting that disruptions in iron
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homeostasis within the brain are a significant characteristic of
AD [154]. Additionally, oligodendrocytes and its myelin contain
the highest iron in the brain [155], implying an inseparable rela-
tionship between iron, myelin and AD. Based on this, Bartzokis
et al. [14] propose a hypothesis in AD research that the break-
down of myelin sheaths and degeneration of oligodendrocyte
release a large amount of iron, further damaging to myelin and
brain tissues and ultimately resulting in neurodegeneration and
cognitive behavioral disorders. Therefore, precise regulation of
iron homeostasis of OPC is essential for maintaining myelin and
promoting remyelination.

The involvement of copper in AD has been extensively doc-
umented. In the brain tissues of both AD patients and mice
models, copper deficiency has been shown to directly enhance
the amyloidogenic processing of APP within cholesterol-rich lipid
rafts, thereby facilitating the formation of toxic AB oligomers
and their aggregation into plaques in AD brain [156]. Further-
more, copper deficiency associated with demyelination indirectly
accelerates the pathological progression of AD. The cuprizone
model, which involves feeding mice a diet containing the toxin
bis-(cyclohexanone) oxaldehydrozone, serves as a classic model
for demyelinating diseases [157]. This model induces targeted
damage to oligodendrocytes, resulting in repairable demyeli-
nating lesions across multiple brain regions [157]. Conversely,
elevated copper concentration has been detected in insoluble
AB plaques and NFT [150]. Additionally, there is an inverse
relationship between total cellular copper and lipid raft cop-
per levels, suggesting that under conditions of intracellular
copper deficiency, Af-copper complexes are more likely to
form [158]. These findings propose a novel mechanism by
which cellular copper deficiency in AD may create an envi-
ronment conducive to potentially harmful interactions among
Ap, copper, and cholesterol within lipid rafts, suggesting an
imbalance and misdistribution of copper in the context of AD
[158].

Other metal ions, including Zn [159], Se [160], and Pb [161],
may affect oligodendrocyte differentiation and myelination. Zinc
is one of the most abundant transition metals in the brain,
second only to iron [162]. ZFP488 expression was particularly
enriched in differentiated oligodendrocytes. ZFP488 can promote
oligodendrocyte differentiation, and ZFP488 deficiency leads to
delayed myelin formation in the developing CNS and impaired
remyelination after brain demyelination injury [159]. However,
their role in AD-related demyelination remains unclear. The dys-
regulation of metal ions homeostasis, especially copper and iron,
plays an important role in the progression of AD disease, which
may be closely related to the dysfunction of oligodendrocytes and
myelin. Therefore, detection of the expression of related metal
ions based on metal-organic frameworks could be a promising
option for the diagnosis and treatment of AD [163].

3.1.7 | Cell Microenvironment

Cell microenvironment can be defined as the extracellular
matrix (ECM), neighboring cells, and other bioactive agents
and mechanical forces that collectively influence the function
of individual cells [164]. OPCs are involved in the processes of
remyelination and demyelination through interactions with other

cell types, such as neurons and glial cells [165, 166]. The ECM
constitutes a significant portion of CNS and is integral to its
normal physiological functions. ECM induces complex biological
effects at various stages of myelin formation and regeneration
[167]. Alterations in the ECM following AD can have profound
consequences [168], and it plays a crucial role in regulating the
myelin regeneration process [167]. The accumulation of AS in
plaques may cause focal demyelination as A plaques areas do
not permit myelinated fibers to pass through [169]. In AD, myelin
loss may be attributed to persistent toxic neuroinflammation and
an inhibitory microenvironment that impedes OPC recruitment
and/or differentiation [170]. The ECM and immune responses are
intricately interconnected. In the context of an inflamed CNS,
cytokines such as transforming growth factor-beta (TGF-{), TNF-
a, and interferon-gamma (IFN-y) can enhance ECM synthesis,
turnover, and protease secretion [171]. ECM components can
function as damage-associated molecular patterns that directly
interact with specific pattern recognition receptors, such as toll-
like receptors (TLRs). Additionally, they may serve as chemotactic
agents, modifying the properties and activities of immune cells,
which ultimately influences myelination [167, 172]. Recent find-
ings suggest an inhibitory role for fibulin-2 in the experimental
autoimmune encephalomyelitis model. In this model, genetic
deficiency of fibulin-2 was associated with improved behavioral
recovery, facilitated by the enhanced oligodendrocyte matura-
tion and remyelination [173]. These findings indicate that ECM
component may have therapeutic potential in addressing myelin
damage in AD. Future advancements are expected to yield
significant insights into how ECM modifications can enhance
the proliferation and differentiation of OPCs, thereby promoting
myelin sheath formation and regeneration and restoring normal
neural function. Furthermore, myelination is a highly regulated
process involving complex interactions between oligodendrocytes
and axons [174], astrocytes [175], microglia [176], respectively.
This also underscores the potential of targeting the interactions
between oligodendrocytes and neighboring cells as a promising
strategy for repairing myelin damage in AD.

3.2 | Pathological Mechanisms of Myelin
Impairment in Other Central Nervous System
Demyelinating Diseases

3.2.1 | Multiple Sclerosis

MS is a chronic immune-mediated disorder of the CNS charac-
terized by demyelination, axonal loss, and neuroinflammation,
culminating in progressive neurological disability [177]. MS
development requires both an appropriate genetic background
and sufficient environmental triggers. Numerous genome-wide
association studies (GWASs) analysis has identified multiple
genetic variations associated with the risk of developing MS [178].
And three main epigenetic modifications, including DNA methy-
lation, histone modification, and miRNA regulation, interact and
jointly participate in the pathogenesis of MS [179].

Two predominant paradigms, the “outside-in” and “inside-
out” hypotheses, have shaped the discussion of MS origins for
years [180]. The outside-in model proposes that an aberrant
autoimmune response initiated in the periphery leads to CNS
damage, whereas the inside-out model posits that a primary
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neurodegenerative process within the CNS triggers a secondary
immune response against myelin debris. Demyelination caused
by multiple pathological reasons is a key pathological process of
MS.

In the development and progression of the MS, the demyelination
is mainly related to the weakened regenerative ability of oligo-
dendrocytes, which is led by its increased vulnerability to inflam-
matory cytokines and increased susceptibility to oxidative stress
[181]. The most fundamental pathological mechanism of MS is
immune-mediated myelin damage, which is generally believed
to be primarily driven by T cells and B cells [182]. The activation
of CD4* autoreactive T cells and their differentiation into a Thl
or Th17 phenotype are crucial events in the initial steps of MS,
though many studies have shown that monocytes and monocyte-
derived macrophages are also the primary cell types responsible
for cellular pathology and tissue damage. Self-reactive T cells
(Th1/Th17) are activated to attack myelin antigens (such as MBP,
MOG, PLP), directly leading to myelin damage [183]. B cells
produce autoantibodies (such as anti-MOG), promoting comple-
ment activation and myelin destruction. Macrophages (M1 type)
and microglia are overactivated, secreting ROS and proteases,
directly damaging myelin [184]. Oxidative stress and endoplasmic
reticulum (ER) stress are key factors in MS pathology. When
antioxidant defense fails to neutralize excessive ROS, oxidative
damage occurs, damaging lipids, proteins, and DNA within nerve
cells, exacerbating mitochondrial dysfunction and maintaining
chronic inflammation, accelerating disease progression. ER stress
occurs when misfolded proteins overload the folding ability
of organelles, triggering unfolded protein response to alleviate
the crisis. Long-term ER stress can redirect cellular signals to
apoptosis, especially damaging oligodendrocytes and axons in MS
[184]. And there is a bidirectional relationship between the two,
where oxidative disorders disrupt ER protein folding and calcium
balance, while unresolved ER stress generates more oxidative free
radicals, collectively amplifying neuroinflammation, damaging
glial function, and driving myelin damage [184].

3.2.2 | Leukodystrophies

Leukodystrophies comprise a heterogeneous group of inherited
metabolic disorders caused by pathogenic mutations in genes
essential for myelin homeostasis. Mutations in genes such as
ABCDI, PLP1, ARSA, GALC, and GJC2 disrupt oligodendrocyte
function through diverse molecular mechanisms, ultimately
leading to defective myelin formation, maintenance, or pro-
gressive degeneration of white matter [185]. Major leukodystro-
phy subtypes include X-linked adrenoleukodystrophy (X-ALD)
[186], metachromatic leukodystrophy (MLD) [187], Pelizaeus—
Merzbacher disease (PMD) [188], and Krabbe disease (KD)
[189].

Despite marked genetic heterogeneity, emerging evidence indi-
cates that these disorders converge on a limited number of
shared cellular stress pathways. PMD, caused by mutations in
PLP1, exemplifies disorders driven by protein misfolding [190].
Duplication of PLPI, the most common pathogenic variant,
leads to classic PMD, whereas missense mutations frequently
produce more severe phenotypes [191]. Studies using induced

pluripotent stem cell-derived oligodendrocytes from patients
with PMD demonstrate that mutant PLP1 protein misfolding
triggers activation of the unfolded protein response and ER stress-
mediated apoptosis [192]. Similarly, mutations in GJC2, which
encodes connexin 47 (Cx47), cause Pelizaesus-Merzbacher-like
disease 1 [191]. Cx47 is essential for oligodendrocyte-astrocyte
gap junction coupling, and its dysfunction results in ER protein
retention, unfolded protein response activation, and oligodendro-
cyte apoptosis [193, 194]. Consistent with these findings, Cx47
knockout mice exhibit disruption of the blood-spinal cord barrier
and progressive myelin loss, further highlighting the vulnerability
of interglial communication networks in leukodystrophies [195].

In contrast, MLD and KD illustrate leukodystrophies driven
primarily by lysosomal lipid metabolism defects. MLD results
from deficiency of arylsulfatase A encoded by ARSA [196],
leading to sulfatide accumulation and demyelination mediated
through poly(ADP-ribose) polymerase-1 (PARP-1) activation and
neuroinflammatory signaling [197]. Patient-derived iPSC models
further demonstrate that sulfatide accumulation is associated
with lysosomal enlargement and oxidative stress during oligo-
dendrocyte differentiation [198]. KD, also known as globoid cell
leukodystrophy, is caused by mutations in the GALC gene, which
encodes the lysosomal enzyme galactosylceramidase (GALC)
[199]. In GALC-deficient models, transcription of myelin-related
genes remains relatively preserved; however, developmental
switching of myelin-associated glycoproteins is disrupted, and
brain organoids display shortened myelin segments, indicat-
ing impaired oligodendrocyte maturation rather than complete
differentiation failure [200, 201].

X-ALD represents a leukodystrophy driven by peroxisomal
metabolic dysfunction [202]. Mutations in ABCDI, encoding a
peroxisomal ATP-binding cassette transporter, impair the import
and degradation of very-long-chain fatty acids (VLCFAs), which
are cytotoxic to glial cells [203]. Although ABCDI-mutant-
induced pluripotent stem cells can differentiate normally, mature
oligodendrocytes accumulate excessive VLCFAs, particularly in
severe cerebral phenotypes, suggesting stage-specific metabolic
vulnerability [204]. Furthermore, aberrant production of 25-
hydroxycholesterol in these cells activates the NLRP3 inflamma-
some through mitochondrial ROS and liver X receptor signaling
pathways, thereby amplifying neuroinflammation [205].

Mitochondrial leukodystrophies further expand this pathogenic
spectrum. Leigh syndrome, frequently caused by mutations in
NDUFS4 leading to Complex I deficiency, exemplifies disorders
in which impaired oxidative phosphorylation results in ATP
depletion, region-specific gliosis, and combined neuronal and
oligodendroglial degeneration [206].

3.2.3 | Vascular Dementia/Cerebral Small Vessel Disease
Vascular dementia is the second most common cause of dementia
after AD, with cSVD representing its principal vascular substrate.
Increasing evidence demonstrates that white matter lesions and
myelin injury are central pathological features that critically drive
the onset and progression of vascular cognitive impairment [207].
cSVD comprises a heterogeneous group of disorders with diverse
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etiologies, including atherosclerotic small vessel disease, cerebral
amyloid angiopathy (CAA), hereditary cSVD, inflammatory and
immune-mediated cSVD, and venous collagen vascular disease
[208]. Despite their etiological diversity, these conditions share
common pathogenic drivers, most notably chronic hyperten-
sion, aging-related vascular degeneration, and disease-associated
genetic mutations [208].

Hypertension represents the most significant modifiable risk
factor for both cSVD and vascular dementia [209]. WMH burden
correlates linearly with blood pressure levels [210], while midlife
systolic blood pressure variability strongly predicts late-life
WMH progression and ventricular enlargement [211]. Sustained
hypertension induces small vessel remodeling, chronic cere-
bral hypoperfusion, BBB disruption, and neuroinflammation,
ultimately triggering caspase-3-mediated apoptosis of mature
oligodendrocytes and subsequent myelin degeneration [212].

Aging represents the dominant and irreversible risk factor for
cSVD [213], accompanied by progressive white matter degener-
ation and increasing WMH burden, particularly after 50 years
of age [214]. Age-related comorbidities, including hypertension,
obesity, and diabetes, further accelerate white matter injury
[215]. In aged experimental models, white matter integrity
demonstrates heightened susceptibility to chronic hypoperfu-
sion and hypoxia, partly due to age-associated reductions in
CREB-dependent oligodendrogenesis [216]. Additional poten-
tially modifiable risk factors include diabetes, obstructive sleep
apnea, dyslipidemia, unhealthy lifestyle patterns, socioeconomic
disparities, and COVID-19 infection [213].

Beyond environmental and systemic risk factors, adult-onset
monogenic cSVD forms provide critical mechanistic insight
into disease pathogenesis. Most hereditary cases arise from
mutations in NOTCH3, HTRAI, COL4Al, or COL4A2. Among
these, mutations in NOTCH3 cause cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy
(CADASIL), the most prevalent hereditary cSVD [217, 218].
NOTCH3 is predominantly expressed in vascular smooth muscle
cells and pericytes. Pathogenic missense mutations alter cys-
teine residues in the extracellular domain, leading to abnormal
accumulation of NOTCH3 protein and ECM components around
vascular cells, likely through a toxic gain-of-function mechanism
[219, 220].

Similarly, pathogenic variants in HTRAI reduce serine protease
activity and cause both autosomal recessive CARASIL and more
common autosomal dominant cSVD phenotypes [221]. Mutations
in COL4Al and COL4A2, which encode the al and a2 chains
of Type IV collagen, respectively, disrupt basement membrane
structure through glycine substitutions within the collagen triple-
helical domain, impairing protein folding and secretion [222].
These abnormalities result in autosomal dominant cerebrovas-
cular disease characterized predominantly by deep intracerebral
hemorrhage with marked intrafamilial phenotypic variability
[223]. More recently, mutations in the 3'UTR of COL4A1 have
been shown to upregulate gene expression and cause an ischemia-
predominant cSVD phenotype [224].

GWAS have identified more than 50 susceptibility loci associated
with sporadic cSVD and WMH volume, highlighting molecular

pathways involved in vascular development, ECM organization,
and BBB regulation [225]. APOE &4 is the strongest genetic
risk factor for sporadic CAA, whereas €2 is associated with
more severe vascular pathology and increased hemorrhagic
risk [226]. Individuals carrying both €2 and ¢4 alleles exhibit
an additive risk profile, with the €2/e4 genotype representing
one of the most deleterious genetic combinations in sporadic
CAA [226]. Mechanistically, amyloid deposition within vessel
walls disrupts BBB integrity, promotes perivascular inflamma-
tion, impairs vasoreactivity, and compromises microcirculation,
leading to chronic ischemic, hypoxic, and inflammatory stress
in white matter [227, 228]. These processes ultimately impair
oligodendrocyte survival and function, resulting in myelin
breakdown [229].

Additional susceptibility genes further reinforce the central role
of BBB and oligodendroglial dysfunction in cSVD pathogene-
sis. Genes such as SLC25A and SLC39AI13, which are highly
expressed in the human BBB [230], further underscore the
importance of BBB dysfunction in c¢cSVD pathogenesis [231].
Moreover, ULK4, encoding a serine/threonine kinase involved
in neurodevelopment, plays an essential role in oligodendrocyte
maturation and myelin formation [232]. Ulk4 deficiency mice
demonstrate reduced expression of oligodendrocyte lineage tran-
scription factors and approximately 50% reductions in myelin
production, further linking genetic susceptibility to white matter
degeneration [232].

3.2.4 | Psychiatric Disorders

Increasing evidence indicates that myelin dysfunction represents
a shared pathological substrate across multiple psychiatric dis-
orders, including anxiety disorders, major depressive disorder
(MDD), schizophrenia (SCZ), and ASD [233]. These conditions
arise from complex interactions among genetic susceptibility,
environmental stressors, immune dysregulation, microbiome-
derived signals, and metabolic disturbances, which converge
on oligodendrocyte lineage dysfunction and impaired myelin
homeostasis.

GWAS studies have identified numerous psychiatric suscepti-
bility genes that directly regulate oligodendrocyte development
and myelination [234, 235]. The SCZ risk gene DISCI, a down-
stream effector of ERBB2/ERBB3 signaling, exhibits increased
expression of splice variants, including DISCI-A3, DISCI-A7A8,
and DISCI Esvl, in affected individuals [236]. OPC-specific
overexpression of DISC1-A3 in transgenic mice induces cellular
hypertrophy, increased branching complexity, synaptic deficits,
and SCZ-like behaviors [237]. Another SCZ-associated gene,
TMEMI108, suppresses OPC proliferation and delays myelination,
whereas gene deletion results in corpus callosum hypermyelina-
tion [238]. In ASD, haploinsufficiency of the chromatin remodeler
CHDS represents one of the strongest genetic risk factors [239-
241]. CHDS deficiency directly impairs OPC differentiation and
induces social and repetitive behavioral abnormalities in mice
[242]. Similarly, loss of the ASD-associated synaptic scaffold gene
SHANK3 produces enhanced OPC proliferation but impaired
oligodendrocyte maturation and functional myelination [243].
Collectively, these findings support the concept that psychi-
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atric risk genes frequently converge on oligodendroglial lineage
regulation and myelin integrity.

Environmental and developmental stressors further amplify
oligodendrocyte vulnerability. Early-life adversity, including
parental deprivation, disrupts myelin development and impairs
PFC-dependent cognitive function [244]. Prenatal insults such
as infection, malnutrition, and maternal stress activate mater-
nal immune signaling and alter placental endocrine regula-
tion, thereby interfering with fetal oligodendrocyte develop-
ment and increasing psychiatric susceptibility in offspring [245,
246]. Chronic psychosocial stress and childhood trauma dis-
rupt hypothalamic—pituitary—-adrenal axis signaling and cortisol
regulation [247], resulting in oligodendrocyte structural abnor-
malities, neural circuit dysfunction, and affective behavioral
disturbances in rodent models, with parallels observed in human
psychiatric conditions [248-250]. Epigenetic regulation repre-
sents a key mechanistic interface linking environmental exposure
to myelin dysfunction. In social isolation models, reduced levels
of the repressive histone modification H3K9me3 in prefrontal
oligodendrocytes lead to dysregulated myelin gene expression,
whereas the atypical antipsychotic quetiapine restores H3K9me3
levels, promotes remyelination, and improves behavioral abnor-
malities [251].

Neuroimmune activation constitutes a central pathogenic hub
integrating genetic and environmental risk factors. Neuroin-
flammation is increasingly recognized as a shared pathological
feature across MDD, anxiety disorders, ASD, and SCZ [252,
253]. Microglial activation with rapid phenotypic and functional
reprogramming is frequently observed [254] accompanied by
astrocytic reactivity [255]. In SCZ, approximately 70% of patients
exhibit reactive astrogliosis with heterogeneous elevation of
astrocytic markers [256]. In ASD, total astrocyte numbers are
reduced, yet the proportion of activated astrocytes is increased
[257]. Accumulating evidence further indicates that oligodendro-
cyte lineage cells actively participate in neuroimmune signaling
rather than functioning as passive targets [258]. Oligodendrocyte
lineage cells can function as antigen-presenting cells and produce
MHC I/II molecules, cytokines, chemokines, and complement
regulators during CNS inflammation [259]. Oligodendrocytes
and OPCs can express MHC Class I and II molecules and pro-
duce cytokines, chemokines, and complement regulators during
inflammatory responses [259, 260]. OPCs recruit T cells through
secretion of CCL2, CCL5, and CXCL10 and modulate T-cell
responses through MHC expression, PD-L1-mediated inhibition,
or Fas ligand-induced apoptosis [261, 262]. Expression of TNFR1
and TNFR2 on OPCs further suggests context-dependent pro-
and anti-inflammatory functions [263]. Single-cell transcriptomic
analyses have identified a population of immune-activated oligo-
dendrocytes in MDD characterized by immune gene expression
and impaired myelin regulatory programs [264]. These cells are
also observed in chronic social defeat stress models and express
markers including MHC II, C3, and P2RY12 directly linking
oligodendrocyte immune phenotypes to psychiatric pathology
[264].

The gut microbiota is a critical regulator of myelin home-
ostasis, coordinating metabolic signaling, immune responses,
and neuroinflammation [265]. Accordingly, the gut-brain axis
provides a mechanistic framework for understanding psychiatric

disorders [266, 267]. SCFAs, produced by microbial fermentation
of dietary fiber, are critical regulators of myelin formation.
Altered SCFA levels are increasingly recognized as a mechanistic
link connecting gut dysbiosis to CNS myelin dysfunction in
psychiatric disorders [268]. The PFC, a key region in psychiatric
pathology, undergoes extended myelination into early adulthood
(25-30 years). This prolonged developmental window makes the
PFC especially susceptible to microbiome-mediated metabolic
and immune modulation [269]. Microbiome dysregulation con-
tributes to white matter demyelination via toxic metabolites [270].
Dysbiosis-related endotoxins further induce systemic inflamma-
tion, activate central glial cells, compromise BBB integrity, and
culminate in white matter demyelination [271].

3.2.,5 | Traumatic Brain Injury

Traumatic brain injury (TBI) and spinal cord injury (SCI) initiate
overlapping secondary pathological cascades following primary
mechanical damage, including oxidative stress, excitotoxicity,
neuroinflammation, and metabolic dysfunction [272, 273]. These
processes progress over days to weeks, resulting in widespread
oligodendrocyte loss, demyelination, impaired OPC differentia-
tion, and remyelination failure [274]. Mature oligodendrocytes
are particularly susceptible to oxidative stress, excitotoxicity, ER
stress, and mitochondrial dysfunction. Sequential or synergistic
activation of these mechanisms compromises oligodendrocyte
function and triggers cell death. Oxidative stress, mediated by
reactive oxygen and nitrogen species, damages DNA, proteins,
and lipids, rendering both newly generated and mature oligo-
dendrocytes prone to apoptosis [275]. Excitotoxicity via excessive
glutamate activation of AMPA/kainate receptors induces intra-
cellular calcium overload, further activating caspase-dependent
apoptotic pathways [276]. ER stress and mitochondrial dysfunc-
tion contribute additionally, as calcium release from the ER and
mitochondrial accumulation reduce membrane potential, trigger
cytochrome c release, and activate downstream apoptosis [276,
277].

CNS trauma rapidly activates microglia and astrocytes and facili-
tates infiltration of peripheral immune cells, which release proin-
flammatory cytokines, ROS, and proteases that directly damage
myelin [278-280]. Following SCI, proinflammatory microglia are
rapidly activated and exert a dual role in remyelination: initially,
they phagocytose myelin debris, creating a favorable environment
for OPC recruitment and differentiation [281], and secrete TNF-
a, stimulating the generation of premyelinating oligodendrocytes
[282]. However, excessive or sustained proinflammatory sig-
naling is cytotoxic to mature oligodendrocytes, and OPCs are
particularly vulnerable, ultimately impairing remyelination [283-
285]. A complex network forms among microglia, astrocytes,
and oligodendrocytes postinjury, collectively regulating myelin
preservation and damage, thereby influencing repair outcomes
[286, 287].

Oligodendrocyte loss after CNS injury precipitates demyelina-
tion. Although OPCs exhibit rapid and sustained proliferation
postinjury, especially at lesion borders, and migrate toward sites
of damage, their reparative potential is often constrained by
the glial scar [288, 289]. This scar, composed of reactive astro-
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cytes, activated microglia, and ECM enriched with inhibitory
molecules, creates a microenvironment that impedes regener-
ation [290]. OPC differentiation into mature oligodendrocytes
is suppressed within this environment through multiple mech-
anisms, including aberrant Wnt pathway activation, myelin
regeneration inhibitors (e.g., Nogo-A, LINGO-1), and deposition
of inhibitory ECM components [291, 292].

4 | Treatment Strategies for Myelin Impairment

4.1 | Treatment Strategies for Myelin Impairment
in Alzheimer’s Disease

At present, the treatment and prevention strategies of myelin
sheath injury are generally focused on promoting the oligoden-
droglial functions and myelination, which include pharmaceutics
treatments and noninvasive physical or brain stimulation thera-
pies. Pharmaceutic treatment included Clemastine, Metformin,
Donepezil, drugs on Nogo-A and LINGO-1 signal pathway,
drugs on nuclear receptor retinoid X receptor (RXR) signaling
pathway, drugs on GABAergic and glutamine signaling pathway.
Additionally, the noninvasive therapies for AD-related demyeli-
nation, such as physical activity (PA) and transcranial magnetic
stimulation (TMS), photobiomodulation therapy (PBMT) and
hyperbaric oxygen therapy (HBOT) suggest the potential for
broader applications [293].

4.1.1 | Clemastine

Clemastine, a pharmacological agent known to enhance myelin
formation, has demonstrated therapeutic potential in the treat-
ment of various neurological disorders [294-296]. Its mechanism
may be mediated through the M1 muscarinic receptor on
OPCs [297], and may also directly regulate Olig2 expression,
thereby facilitating OPC differentiation and myelination [298].
Furthermore, it may be achieved by regulating the mitochondrial
associated fas-casp8-bid axis to increase the proportion of myeli-
nated oligodendrocytes in OPC, thereby inhibiting apoptosis
of premyelinated oligodendrocytes [299]. Recent research has
demonstrated that clemastine can enhance myelination and
improve cognitive function in AD mouse models, and there are
several clinical trials currently under investigation [300]. While it
has shown promise as a remyelinating agent in MS clinical trials,
its application for white matter demyelination in AD requires
further investigation.

4.1.2 | Metformin

It has been well-established that the dysfunction of insulin and
IGF signaling network in brains is a mediator of dysregulated
energy metabolism, and is probably a major driver of neurode-
generative cascade in AD [301]. Recent studies have demonstrated
that the diabetes medication metformin, a potent activator of the
cellular energy sensor AMPK complex, facilitates recovery from
demyelination. This is achieved by its pleiotropic effects including
the changes of metabolic reprogramming of oligodendrocytes,
antioxidant and anti-inflammatory effects, enhancement of oligo-
dendrogenesis, promotion of neural stem cells (NSCs) survival

and proliferation, and myelination augmentation [302-304]. Xie
et al. [305] reported that metformin increased the expression
of MBP, Olig2 and CCl, enhanced the thickness and density of
the myelin sheath, and reduced oxidative stress and microglial
infiltration following chronic hypoxia induction. These effects
may play a role in the improvement of learning and memory,
and motor abilities in mice with chronic hypoxia-induced white
matter injury [305].

4.1.3 | Donepezil

Donepezil, an acetylcholinesterase inhibitor approved by the
Food and Drug Administration (FDA) for the treatment of AD,
has also been investigated for its potential myelin-promoting
properties [306, 307]. Both in vitro and in vivo studies have
shown that donepezil facilitates the differentiation of OPCs into
oligodendrocytes, enhances myelin formation, and upregulates
myelin-specific proteins [308]. The PI3K/Akt/mTOR signaling
pathway is implicated as a significant contributor to its regulatory
mechanism. Furthermore, Imamura et al. have demonstrated
that donepezil-induced oligodendrogenesis is mediated through
both estrogen receptor subtypes, ERax and ERS [309]. These find-
ings suggest that donepezil promotes myelin formation through
multiple mechanisms; however, the precise mechanisms in AD
remain unclear, requiring further investigation.

4.1.4 | Drugs on Nogo-A and LINGO-1 Signal Pathway
Two distinct negative regulators of myelination, Nogo-A and
LINGO-1 proteins, have been identified as promising targets
for promoting remyelination and regeneration. Consequently,
antagonists of Nogo-A or LINGO-1 have been proposed as poten-
tial therapeutic strategies for the treatment of demyelinating
diseases [292]. DI-3-butylphthalide (dI-NBP) has demonstrated
the ability to enhance OPC proliferation through the Nogo-A
[310] and promote remyelination via modulation of AMPK/SIRT1
and STAT3/NF-xB signaling [311], and it has been shown to
alleviate neuropathology associated with AD [312]. Furthermore,
anti-LINGO-1 therapy has been reported to improve spatial
learning and partially restore MBP levels, while genetic dele-
tion of LINGO-1 in animal models has been found enhancing
remyelination [313].

4.1.5 | Drugs on Nuclear Receptor Retinoid X Receptor
Signaling Pathway

The RXR signaling pathway enhances the expression of ATP-
binding cassette transporter Al (ABCA1l) and APOE, thereby
directly facilitating the maturation of oligodendrocytes, which in
turn accelerates myelin regeneration and ameliorates cognitive
functions associated with AD [314, 315]. Furthermore, activation
of RXR can stimulate monocytes, macrophages, and microglia
to clear myelin debris, thereby promoting myelin regeneration
[316]. Bexarotene, a synthetic RXR agonist, has been shown
to increase the expression of oligodendrocyte markers such as
Olig2, 04, and MBP in specific regions of the hippocampus
and cortex. This suggests that RXR agonists-induced remyeli-
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TABLE 2 | Pharmaceutic treatment for myelin damage in AD and other cognitive impairment disease.

Drug Target pathway and mechanism Key effects Experimental model
Clemastine Antagonizes Chrml receptor on OPCs — Olig2? Occurrence and peak APP/PS1 mice model

— OPC differentiation? — myelin renewal frequency of [17]

hippocampal sharp wave
ripplesT, cognitive
function?

Metformin Activation of NRF2/HO-1/NF-kB — inhibiting Short-term learning and WMI mice [305]

oxidative stress and inflammation — MBPT, memory?

Olig21, CC11, PDGFRat, NG21, MAGT, and

CNPase? — Myelin density?, differentiation,

and maturation of oligodendrocytes?

DI-NBP AMPK/SIRT1T and STAT3/NF-xB| — Olig21, Spatial learning and CCH mice [311]

MBPT — OPC differentiation? and myelin memory performancet

integrity?
LINGO-1 LINGO-1 expression] — CNPase* cellsT, Learning and memory 12-month-old APP/PS1
antagonist Olig2*/PDGFR-a* cells|, binary area of MBP? abilitiest mice [321]
— OPC proliferation and maturation? and
myelination?

Bexarotene Activation of RXRT — Olig2* cells and areaf, Cognitive function? 24-month-old

O4*cells and areat, MBP* cells and areat — 3xTg-AD mice [314]

OPC proliferation and maturation? and
myelinationt

GABAergic Activation of GABA(B) receptor - CNPaseT, Long-term memory? Sevoflurane -induced
signaling pathway g-ratiof, PDGFR-a* cells?T and CC1* cellsT — impairment of

OPC proliferation and differentiation?

myelination and

cognition in young
mice [322]

Abbreviations: CCH, chronic cerebral hypoperfusion; Chrml, muscarinic acetylcholine receptor 1; CNPase, 2’,3’-cyclic nucleotide 3’-phosphodiesterase; HO-1,
heme oxygenase-1; MAG, myelin-associated glycoprotein; MBP, myelin basic protein; NG2, neuron-glia antigen-2; NRF2, nuclear factor erythroid 2-related factor
2; Olig2, oligodendrocyte transcription factor 2; OPC, oligodendrocyte precursor cells; RXR, receptor retinoid X receptor; WMI, white mater injury.

nation through the proliferation and maturation of OPCs, may
contribute to the observed cognitive improvements in 3xTg-AD
mice [314].

4.1.6 | Drugs on GABAergic and Glutamine Signaling
Pathway

GABAergic and glutamine signaling pathways play critical roles
in regulating oligodendrocyte development and myelin integrity,
offering potential therapeutic targets for myelin repair in AD.
GABA signaling, particularly via the GABA(B) receptor, pro-
motes OPC differentiation and myelination, as evidenced by the
promyelinating effects of the agonist baclofen [317]. In AD, A
and tau toxicity disrupt glutamine signaling, leading to impaired
glutamate clearance, excitotoxic damage to oligodendrocytes, and
myelin injury [318, 319]. Restoring glial glutamate transporter
function has been shown to ameliorate these deficits [320].
These findings highlight that modulating GABAergic and glu-
tamine pathways represents a promising strategy to promote
oligodendrocyte function and myelin regeneration in AD.

The pharmaceutic treatment strategies for myelin damage
in AD are summarized (see Table 2), emphasizing the
promotion of myelin regeneration through various mechanisms

such as enhancing the differentiation of OPCs, maturation
of oligodendrocytes, and myelin formation to repair
white matter damage, which is expected to alleviate the
AD. Overall, these findings provide a scientific basis for
myelin-targeted therapies for AD, but further experiments
and clinical trials are needed to validate its efficacy and
safety.

4.1.7 | Physical Activity

It has been reported that PA may help delay the progression
of dementia [323]. The underlying mechanisms may include
the antibrain aging effect and anti-AD effect, which has been
described [324]. Recent studies have explored the role of PA in
the recovery of myelin in AD. Constraint-induced movement
therapy has been shown to induce the maturation and differen-
tiation of oligodendrocytes and promote myelin remodeling by
inhibiting RhoA/ROCK?2 signaling [325]. The activation of this
pathway is associated with various risk factors for AD, including
AP aggregation, tau phosphorylation, neuroinflammation, and
synaptic damage, all of which contribute to the pathogenesis
of AD [326]. Furthermore, voluntary running exercise has been
reported to mitigate the loss of myelinated fibers and the
demyelination of myelin sheaths in the dentate gyrus [327],
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CALl [328], and medial PFC [329], thereby enhancing learning
and memory abilities in APP/PS1 mice. Graham et al. [330]
found the aerobic exercise ameliorated cognitive deterioration
and appeared to keep components of myelin sheath and OPCs
stabilized, resulting in a decrease in the percentage of loose and
granulated myelin sheath and MBP protein, and an increase
in NG2 mRNA and protein levels. Its underlying mechanism
may include enhancing mitochondrial energy production and
synaptic function [331], decreasing the inflammation caused
by astrocyte secretions (TNF-a, Cox-2, CXCL2) associated with
downregulation of miR-34a and activation of TAN1/PI3K/CREB
signaling pathway [148], and also reducing inflammation in the
hippocampus and improves axons and myelin crosstalk [332].
These results showed that PA have an important role in remyeli-
nation of AD. However, as alternatives for people with limited
activity, some physical stimuli, including PBMT, TMS, and HBOT
as new technologies that may be suitable for remyelination and
driving neural activity in AD patients.

4.1.8 | Transcranial Magnetic Stimulation

TMS is known as an established modality of neuromodulation
[333]. Studies in vivo and in vitro have provided compelling
evidence that TMS is an effective tool for inducing myelination
in demyelinating diseases [333, 334]. Yang et al. [335] showed
that deep rTMS effectively improved spatial working memory by
dampening microglia activation and rectifying cytokines levels
(IL-1B8, IL-6, and IL-10) in the region of demyelination in the
cerebral cortex. rTMS also can increase the number of newborn
oligodendrocytes in adult mouse cortex by enhancing their sur-
vival [336]. Recently, Da et al. [46] found that combined visual and
auditory gamma-sensory stimulation (1 h per day for 6 months)
may modulate neuronal network function in AD in part by
reducing white matter atrophy and myelin content loss, especially
in the hippocampus and entorhinal cortex. Also, there is evidence
that TMS, extra virgin olive oil and S-allyl cysteine alone or
in combination, reduce oxidative stress, increasing antioxidant
defenses and also lowering the clinical score in demyelinating
diseases [337], which need further exploration in AD-related
demyelination.

4.1.9 | Photobiomodulation Therapy

PBMT, previously referred to as low-level laser (light) therapy,
employs laser or light as a noninvasive therapeutic modality.
The existing evidence suggests that various treatment paradigms,
including transcranial and systemic PBM, as well as the recently
proposed remote PBM, may hold promise for the treatment
of AD. PBMT has been shown to reduce the formation and
accumulation of Af protein [338, 339], and it has been reported to
exert additional beneficial effects in AD [340]. PBM exerts a range
of biological effects, such as enhancing mitochondrial function
[341], mitigating neuroinflammation induced by activated glial
cells [342, 343], improving glymphatic drainage [344], regulating
the gut microbiome [345], and directing the differentiation of
adult hippocampal NSCs toward neurons, among other effects
[346]. However, Sipion et al. [347] found it unable to demonstrate
any therapeutic effect of PBM for AD in a randomized and

fully blinded long-term in vivo study, there was no significant
differences between the groups in behavioral tests. Similarly,
histological analyses showed no differences in amyloid load,
neuronal loss or microglial response underwent low or high
power 810 nm light, three times a week for 5 months from the first
to the sixth month of life, which corresponding to the prodromal
phase of the pathology [348]. The above paradoxical conclusion
indicated that when considering PBMT as a potential therapeutic
solution for treatment of AD pathology [348], multiple parame-
ters of PBMT should be considered including the light source and
wavelength(s), output power, irradiance, irradiation time, fluence
or total energy (dose), operation mode (continuous or pulsed)
irradiation, approach and site, number of treatment sessions and,
and so forth. However, there is currently no evidence indicating
that PBMT specifically targets OPCs and myelin repair in AD,
which need further explored.

4.1.10 | Hyperbaric Oxygen Therapy

HBOT—the medical administration of 100% oxygen at environ-
mental pressure greater than one atmosphere absolute (ATA)—is
used clinically for a wide range of medical conditions. One of
main mechanisms of HBOT is elevation of the partial pressure
of oxygen in the blood and tissues as compared to simple oxygen
supplementation [349, 350]. This allows five to ten times more
oxygen to enter the blood plasma and to reach tissues suffering
from low oxygen supply (following, e.g., brain injury, stroke, or
vascular dysfunction). Recently, more and more evidence showed
that ischemia and hypoxia as a common trigger for demyeli-
nation in AD [351, 352], and HBOT could improve cognitive
functions and ameliorate the reduced brain glucose metabolism
in AD patients [353]. It has summarized that the role of oxygen
metabolism abnormality in AD and HBOT was a potential strat-
egy for treating AD by alleviating various pathological aspects,
including inhibition of apoptosis, improvement of mitochondrial
function, stem cell proliferation, enhancement of antioxidant
defense activity, reduction in neuroinflammation, and neuropro-
tection [95]. Additionally, we have well-explained that ischemia
and hypoxia was an important risk factors for demyelination
and that loss of myelin integrity could be an upstream risk
factor for neuronal Ag deposition, the central neuropathological
hallmark of AD [4]. Therefore, improving oligodendrocyte health
and myelin integrity by HBOT could be a promising target to delay
development and slow progression of AD. Further studies with
more rigorous design will help to fully evaluate the clinical value
of hyperbaric oxygen on cognition function in people with AD,
especially in the early stage. Furthermore, when given HBOT,
we should consider the oxygen concentration, duration of oxygen
supply and oxygen pressure, and we should regularly evaluate the
treatment effect so as to help ensure the safety and effectiveness
of HBOT.

As mentioned above, the noninvasive therapies may be able
to promote myelin regeneration. Among them, PA and TMS
have shown potent cognitive improvement and myelin protection
effects in AD models (Table 3). Current studies have shown
that HBOT mainly corrects upstream pathology by targeting
AD-related hypoxia, and PBMT promotes myelin regeneration
through diverse mechanisms. As a supplement to pharmaceutic
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TABLE 3 | Noninvasive physical or brain stimulation therapies for remyelination in AD and other cognitive impairment diseases.

Noninvasive therapy

Pathway and mechanism

Experimental

Key effects model

Voluntary running
exercise region?
Voluntary running
exercise

The volume of the myelin in the CA1l

MBP* areat, CC1" cellsT, MBP* area
surrounding ABT, cell density, branching

Spatial learning and
memory abilityt

APP/PS1 mice [328]

Spatial learning and
cognitive memory?

APP/PS1 mice [329]

complexity of PDGFa* cells around AB?T
— OPCs maturation and differentiation in

the mPFC?1

Voluntary running
exercise

Treadmill exercise

T™S

Noninvasive, combined
visual and auditory
gamma-sensory
stimulation

Myelin surface?, number of
myelin-microglial colocalization surfaces?

MBPT, Olig2t, PDGFR-aT — myelin
regeneration in the cortex?

4 weeks deep rTMS — MBP1, GST-71T —
mature oligodendrocyte
Combined visual and auditory 40 Hz
gamma-sensory stimulation — total
cerebral white matter volume?, TIw/T2w
ratio| in the entorhinal region

Mice with
obesity-induced
cognitive decline and
white matter damage
[330]

Spatial working memory?

Spatial Cognitive D-gal aging model
Performance? [148]
Spatial Working Memory? CPZ model [335]

White matter atrophy|
and myelin content?

AD patients [46]

Abbreviations: AD, Alzheimer’s disease; CPZ, cuprizone; GST-7, pi form of glutathione-S-transferase; MBP, myelin basic protein; mPFC, medial prefrontal cortex;

Olig2, oligodendrocyte transcription factor 2; OPC, oligodendrocyte progenitor cells; TMS, transcranial magnetic stimulation.

therapies, noninvasive therapies are suitable for personalized
medicine, but further optimization of parameters such as TMS
frequency and HBOT oxygen pressure is needed for clinical trans-
lation, and strict clinical trials are required to verify long-term
efficacy and safety.

4.2 | Therapeutic Strategies Targeting Myelin
Injury in Other Central Nervous System
Myelin-Related Diseases

4.2.1 | Multiple Sclerosis

Disease-modifying therapies such as immunomodulators and
immunosuppressants, primarily reduce inflammatory responses
by regulating the immune system, thereby controlling the
recurrence and progression of MS. Currently, FDA-approved
immunomodulatory drugs such as IFN-B, glatiramer acetate
(GA), and mitoxantrone are available. Among these, IFN-3 and
GA, serving as first-line immunomodulatory agents for MS,
regulate the disease process through distinct mechanisms [354].
IFN- primarily alleviates CNS inflammation by modulating T-
cell function [355]. The mechanism of GA is more complex. It
not only induces immune tolerance and also it regulates T-cell
function to partially suppress inflammation at the lesion site
[356]. Additionally, GA can directly act on antigen-presenting
cells and B cells, enhancing the secretion of neurotrophic factors,
thereby exerting neuroprotective effects [356]. Mitoxantrone was
evaluated in a double-blind Phase II study of mitoxantrone in
patients with SPMS with and without relapses (MIMS) [357].
However, risk of serious side effects such as cardiomyopathy and

treatment-related acute leukemia has substantially limited indi-
cation in clinical practice [358]. Likewise, immunosuppressants
primarily target the core autoimmune pathology by suppressing
abnormal immune responses. Immunosuppressive drugs (e.g.,
methotrexate, cyclophosphamide, and azathioprine) have been
tested in progressive MS. Although on occasion some therapeutic
effects (in subgroups or as trends) have been observed, convincing
effects on disability progression have not been shown [359, 360].

Monoclonal antibodies (mAbs) in MS have precise targeting
role such as anti-CD20 mAbs (e.g., Rituximab, Ocrelizumab).
Rituximab rapidly suppresses new lesion formation in relapsing-
remitting MS (RRMS) [361], and Ocrelizumab stabilizes disability
progression and reduces serum neurofilament light chain levels
[362]. In a noninferiority comparative effectiveness observational
cohort study, results did not show noninferiority of treatment
with rituximab compared with ocrelizumab. And rituximab was
associated with a higher risk of relapses than ocrelizumab as
administered in everyday practice. And the efficacy of rituximab
and ocrelizumab administered at uniform doses and intervals
is being further evaluated in randomized noninferiority clinical
trials [363]. Also, Bruton’s tyrosine kinase inhibitors (BTKis)
targeting B-cell and myeloid cell activation is one of the most
promising drugs [364]. Several BTKi candidates are currently
in Phase II and III trials, including Evobrutinib [364], Tolebru-
tinib [365], Fenebrutinib [366], and so forth, and continuous
monitoring of trial outcomes will determine their future clinical
application.

Therapies targeting oligodendrocytes promote myelin regen-
eration and repair. Current research has identified various
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substances and targets that can enhance OPC differentiation
and myelin regeneration. LINGO1, a CNS-specific membrane
glycoprotein that suppresses oligodendrocyte differentiation and
myelination and blockade of this protein may therefore be
effective in promoting remyelination in a clinical setting [367].
Clinical trials, particularly those involving the anti-LINGO-1 mAb
BIIB033, have demonstrated encouraging results in enhancing
remyelination and improving clinical outcomes [368]. G protein-
coupled receptor 17 (GPR17) is a potential drug targets for
promoting OPC differentiation. GPR17 antagonists by blocking
GPR17 signaling, relieve this inhibition of the differentiation path-
way, thereby promoting OPC differentiation and remyelination
[369].

4.2.2 | Leukodystrophies

Current therapeutic strategies aim to slow disease progression,
alleviate symptoms, and, where feasible, address the underlying
genetic or metabolic defects. These approaches include dietary
modulation, substrate reduction, cell replacement, and advanced
genetic interventions.

Curcumin, a polyphenol derived from turmeric, has demon-
strated potential to modulate pathological ER stress [370]. It
alleviates ER retention and apoptosis induced by truncated
myelin protein zero mutants [371] and corrects CFTR misfolding
in models of cystic fibrosis [372]. In PLP1 transgenic mice,
curcumin treatment increases oligodendrocyte density, enhances
myelination, and improves motor function, in part by attenuating
neuroinflammation [373]. In X-ALD, Lorenzo’s oil competitively
inhibits synthesis of VLCFAs; it may reduce the risk of cerebral
disease in asymptomatic boys but is not effective once cerebral
disease is established [374, 375].

Allogeneic hematopoietic stem cell transplantation (HSCT)
remains the standard of care for early-stage cerebral X-ALD, KD,
and MLD [376, 377]. Therapeutic efficacy relies on donor-derived
myeloid cells migrating into the CNS to replace dysfunctional
microglia, thereby clearing toxic metabolites and modulating the
inflammatory milieu [378]. However, success is strictly time-
dependent—outcomes are optimal only prior to irreversible
neurological damage—and matched sibling donors are preferred
due to lower graft failure rates [379].

Gene therapy represents a promising curative approach by cor-
recting the genetic defect at its source. Hematopoietic stem cells
are harvested, transduced ex vivo with lentiviral vectors encoding
the functional gene, and reinfused. This autologous approach
substantially reduces the risk of graft-versus-host disease by using
the patient’s own cells. For X-ALD, lentiviral delivery of wild-type
ABCDI has demonstrated favorable safety and efficacy signals
in clinical trials [380, 381]. Recombinant adeno-associated viral
(AAV) vectors enable direct gene delivery to CNS tissues; for
example, SBT101 (AAV9-hABCD1) restores ABCD1 expression
and corrects biochemical abnormalities in Abcdl-null mice and
received FDA Fast Track designation in 2022 [382]. CRISPR/Cas9
and base editing offer potential for precision genome correction.
Systemic delivery of homology-independent targeted integration
(HITI) systems or engineered base editors (e.g., NG-ABESe) has

achieved efficient correction of pathogenic variants and reduction
of VLCFAs in humanized X-ALD mouse models [383, 384]. For
PMD caused by PLP1 duplication, attenuation of PLP1 overex-
pression is a critical therapeutic goal; RNA interference (RNAi)
and antisense oligonucleotides (ASOs) have shown efficacy in
preclinical models [385].

4.2.3 | Vascular Dementia/Cerebral Small Vessel Disease
Currently, no approved therapies specifically target myelin regen-
eration in cSVD. Clinical management primarily emphasizes
the prevention and control of vascular risk factors, whereas
myelin-protective strategies remain an active area of research.

Effective hypertension management represents the most impor-
tant intervention for slowing the progression of white matter
lesions in ¢cSVD [386]. In contrast to large-vessel stroke, throm-
bosis is not considered a primary pathogenic driver of cSVD.
In addition, large-scale randomized controlled trials specifically
evaluating the effects of smoking cessation, diabetes manage-
ment, statin therapy, and lifestyle interventions in patients with
lacunar stroke remain lacking. Future therapeutic strategies
aim to disrupt the self-perpetuating cycle of chronic hypoxia
and neuroinflammation. Therapeutic strategies that modu-
late microglial polarization and promote OPC differentiation,
many of which were originally developed for MS, are being
repurposed for cSVD with the goal of restoring white matter
integrity.

4.2.4 | Psychiatric Disorders

Therapeutic approaches for psychiatric disorders are evolving
from neurotransmitter modulation toward disease-modifying
strategies that aim to restore neural circuit integrity by promot-
ing myelination. Notably, several existing psychotropic agents
demonstrate promyelinating effects.

The atypical antipsychotic quetiapine enhances OPC maturation
and attenuates myelin loss, effects that are partly mediated by the
restoration of epigenetic H3K9me3 levels [251, 387]. The antide-
pressant fluoxetine facilitates OPC differentiation through mod-
ulation of the Wnt signaling pathway [388], whereas the mood
stabilizer lithium upregulates myelin-related gene expression by
inhibiting GSK34[389]. The antihistamine clemastine, acting as a
muscarinic receptor antagonist, also promotes remyelination and
has also been shown to reverse social avoidance behaviors in ani-
mal models of social isolation [390]. Furthermore, the antioxidant
N-acetylcysteine (NAC) protects OPCs from oxidative stress and
demonstrates adjunctive therapeutic benefits in disorders such as
SCZ and ASD [391].

Emerging therapeutic interventions targeting the gut-brain axis
include probiotic supplementation (e.g., Lactobacillus strains)
and fecal microbiota transplantation (FMT), which may confer
therapeutic effects by modulating SCFA levels and attenuating
neuroinflammation [392, 393]. Nonpharmacological modalities
such as physical exercise and PBMT (typically delivered via
near-infrared light) enhance mitochondrial function and elevate
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brain-derived neurotrophic factor (BDNF) expression, thereby
providing additional neuroprotective and promyelinating bene-
fits [394, 395].

4.2.,5 | Traumatic Brain Injury

Therapeutic strategies for TBI primarily target two objec-
tives: preventing secondary demyelination and overcoming the
inhibitory postinjury microenvironment to promote endogenous
repair. Promising investigational approaches encompass mul-
tiple modalities, including small-molecule drugs, mAbs, cell
transplantation, and surgical and rehabilitative interventions.

Pharmacological modulation of specific receptors and intracel-
lular pathways represents a central therapeutic strategy. Antago-
nism of receptors, including the muscarinic M1 receptor (e.g., via
clemastine) or the histamine H3 receptor, as well as modulation
of GPR17, has been shown to stimulate OPC differentiation [272,
396]. Inhibition of the RhoA/ROCK pathway facilitates OPC
migration, whereas suppression of Notch signaling promotes
OPC maturation, thereby contributing to enhanced remyelina-
tion [397]. Furthermore, the small-molecule epigenetic-silencing
inhibitor ESI1 promotes myelin formation and has demonstrated
efficacy even in aged animal models [398].

Neutralizing antibodies offer high-specificity targeting capabil-
ities against key inhibitory factors. Antibodies against Nogo-A,
a potent myelin-associated inhibitor of regeneration, promote
axonal sprouting and neural plasticity [399]. Antibodies tar-
geting CD11d, HMGBI, or IL-20 reduce pathological leukocyte
infiltration and mitigate glial scar formation [272, 400]. The
recombinant IgM antibody rHIgM22 binds CNS myelin, stim-
ulates microglial phagocytosis of myelin debris, and thereby
facilitates the clearance of inhibitory barriers to OPC-mediated
repair [401].

Transplantation of myelin-competent cells aims to directly
replace oligodendrocytes lost after injury [402, 403]. Several cel-
lular sources are currently under investigation. Although derived
from the peripheral nervous system, transplanted Schwann cells
can promote axonal regeneration and remyelination within the
CNS. Autologous Schwann cell transplantation has demonstrated
feasibility and safety in a Phase I trial for subacute SCI [404,
405]. Olfactory ensheathing cells share biological properties with
both Schwann cells and astrocytes and support axonal regrowth
and myelination [406]. NSCs/neural stem/progenitor cells are
multipotent and can differentiate into oligodendrocytes, neu-
rons, and astrocytes, providing multimodal reparative support
[407, 408]. Although direct OPC transplantation exhibits strong
remyelination potential [409], it faces substantial challenges,
including difficulties in obtaining high-purity populations [410],
potential glioma transformation risk [411], and suppression by the
inhibitory injury microenvironment [412].

Surgical treatment and rehabilitation are receiving growing atten-
tion. Early decompression (< 24 h) is critical for attenuating
secondary injury and improving neurological outcomes [413].
Emerging approaches in neuroregenerative surgery integrate
hydrogel scaffolds directly into lesion sites to support neural

regrowth [414]. Physical exercise represents a potent physiological
stimulus for remyelination [415]. Advanced neuroengineering
approaches, including brain-computer interfaces and virtual
reality, are reshaping rehabilitation by actively promoting neuro-
plasticity [416].

5 | Conclusions and Future Perspectives

Myelin dysfunction and related disorders in the CNS are
highly complex and involve multiple diseases and patholog-
ical mechanisms. Genetic factors and environmental factors
contribute to myelin impairment in AD and other CNS myelin-
related disorders. Myelin impairment in AD, MS, leukodys-
trophies, vascular dementia and cSVD, psychiatric disorders,
and traumatic CNS injuries has distinct characteristics but also
shares commonalities in terms of pathological mechanisms
related to oligodendrocyte injury, myelination or maintenance
impairment.

This convergence reveals a compelling therapeutic opportunity
that transcends traditional disease classifications. Whether the
primary insult arises from aging in AD, autoimmune attack
in MS, specific genetic defects in leukodystrophies, chronic
hypoperfusion in cSVD, neurodevelopmental and inflammatory
perturbations in psychiatric conditions, or secondary injury
cascades following CNS trauma, the downstream pathology often
involves oligodendrocyte death, impaired differentiation of OPC,
and failed remyelination. Accordingly, strategies that protect and
regenerate myelin may have broad translational applicability. In
AD, we summarized both pharmaceutic and noninvasive thera-
pies. Pharmaceutic treatments act through various mechanisms
to promote myelin regeneration, such as enhancing OPC differ-
entiation, maturation of oligodendrocytes, and myelin formation.
Noninvasive therapies like PA, TMS, PBMT, and HBOT also show
potential in promoting myelin regeneration and improving cogni-
tive function. And current research in other diverse disease mod-
els is focused primarily on two complementary approaches: (1)
pharmacological interventions—including receptor modulators,
signaling pathway-targeted agents, and epigenetic regulators, as
well as mAbs; and (2) cell transplantation strategies designed to
directly supplement or replace damaged cells, such as OPC trans-
plantation, NSC therapies, and HSCT. Collectively, these strate-
gies aim to enhance myelin plasticity and facilitate functional
recovery.

In conclusion, myelin dysfunction plays an important role in
a range of CNS demyelinating diseases. Advancing our under-
standing of myelin’s involvement has the potential to transform
our comprehension of the disease’s etiology and progression,
while also driving the development of novel diagnostic method-
ologies and therapeutic approaches. Especially in AD, myelin
impairment is an early pathological event. Focusing on myelin
protection and regeneration, particularly when integrated with
early diagnosis and precision interventions, is poised to become a
fundamental component of future comprehensive AD treatment
paradigms.

18 of 30

MedComm, 2026



Author Contributions

Weidong Le and Lihong Huang conceived the review. Lihong Huang
searched the papers mainly related to Alzheimer disease and drafted
the manuscript. Zhen Hong and Peng Cheng added five new chapters
mainly related to MS, leukodystrophies, vascular dementia and cerebral
small vessel disease, myelin abnormalities in psychiatric disorders,
secondary myelin loss following traumatic CNS injury. Guangdong Liu
and Yang Xiang helped for the acquisition of data. Weidong Le, Zhen
Hong, and Yang Xiang helped to edit and revise the manuscript. All the
authors have read and approved the manuscript.

Acknowledgments

The figures were created with BioRender.com.

Funding

This study was supported by grants from National Science and Tech-
nology Innovation 2030 Major program of “Brain Science and Brain-
Like Research” 2021, Grant/Award (ID: 2022ZD0211600) ; from Sichuan
Province Cadre Healthcare Research Project, Grant/Award (ID: 2025-
203); from Project of Department of Science and Technology of Sichuan
Province, Grant/Award (ID: 2023YFS0267).

Ethics Statement

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The authors have nothing to report.

References

1. Z. Huang, Y. Zhang, P. Zou, X. Zong, and Q. Zhang, “Myelin Dys-
function in Aging and Brain Disorders: Mechanisms and Therapeutic
Opportunities,” Molecular Neurodegeneration 20, no. 1 (2025): 69.

2. G. S. Bloom, “Amyloid-beta and Tau: The Trigger and Bullet in
Alzheimer Disease Pathogenesis,” JAMA Neurology 71, no. 4 (2014):
505-508.

3. A. R. Roda, G. Serra-Mir, L. Montoliu-Gaya, L. Tiessler, and S.
Villegas, “Amyloid-Beta Peptide and Tau Protein Crosstalk in Alzheimer’s
Disease,” Neural Regeneration Research 17, no. 8 (2022): 1666-1674.

4. C. Depp, T. Sun, A. O. Sasmita, et al., “Myelin Dysfunction Drives
Amyloid-Beta Deposition in Models of Alzheimer’s Disease,” Nature 618,
no. 7964 (2023): 349-357.

5. G. Tosto, M. E. Zimmerman, O. T. Carmichael, and A. M. Brickman,
“Alzheimer’s Disease Neuroimaging I. Predicting Aggressive Decline in
Mild Cognitive Impairment: The Importance of White Matter Hyperin-
tensities,” JAMA Neurology 71, no. 7 (2014): 872-877.

6. K. H. Tse, A. Cheng, F. Ma, and K. Herrup, “DNA Damage-Associated
Oligodendrocyte Degeneration Precedes Amyloid Pathology and Con-
tributes to Alzheimer’s Disease and Dementia,” Alzheimer’s & Dementia
14, no. 5 (2018): 664-679.

7. M. Bouhrara, D. A. Reiter, C. M. Bergeron, et al., “Evidence of
Demyelination in Mild Cognitive Impairment and Dementia Using a
Direct and Specific Magnetic Resonance Imaging Measure of Myelin
Content,” Alzheimer’s & Dementia 14, no. 8 (2018): 998-1004.

8. A. L. MacKay and C. Laule, “Magnetic Resonance of Myelin Water: An
In Vivo Marker for Myelin,” Brain Plasticity 2, no. 1 (2016): 71-91.

9. A. O. Sasmita, C. Depp, T. Nazarenko, et al., “Oligodendrocytes Produce
Amyloid-Beta and Contribute to Plaque Formation alongside Neurons in

Alzheimer’s Disease Model Mice,” Nature Neuroscience 27, no. 9 (2024):
1668-1674.

10. C. Peter, A. Sathe, N. Shashikumar, et al., “White Matter Abnormali-
ties and Cognition in Aging and Alzheimer Disease,” JAMA Neurology 82,
no. 8 (2025): 825-836.

11. C. Stadelmann, S. Timmler, A. Barrantes-Freer, and M. Simons,
“Myelin in the Central Nervous System: Structure, Function, and
Pathology,” Physiological Reviews 99, no. 3 (2019): 1381-1431.

12. L. A. Osso and E. G. Hughes, “Dynamics of Mature Myelin,” Nature
Neuroscience 27, no. 8 (2024): 1449-1461.

13. L. Marner, J. R. Nyengaard, Y. Tang, and B. Pakkenberg, “Marked Loss
of Myelinated Nerve Fibers in the Human Brain With Age,” Journal of
Comparative Neurology 462, no. 2 (2003): 144-152.

14. G. Bartzokis, “Alzheimer’s Disease as Homeostatic Responses to Age-
Related Myelin Breakdown,” Neurobiology of Aging 32, no. 8 (2011): 1341~
1371.

15. R. D. Fields and O. Bukalo, “Myelin Makes Memories,” Nature
Neuroscience 23, no. 4 (2020): 469-470.

16. A. Rubinski, N. Franzmeier, A. Dewenter, et al., “Higher Levels of
Myelin Are Associated With Higher Resistance Against Tau Pathology in
Alzheimer’s Disease,” Alzheimer’s Research & Therapy 14, no.1(2022):139.

17.J. F. Chen, K. Liu, B. Hu, et al., “Enhancing Myelin Renewal Reverses
Cognitive Dysfunction in a Murine Model of Alzheimer’s Disease,”
Neuron 109, no. 14 (2021): 2292-2307.

18. S. Aggarwal, L. Yurlova, and M. Simons, “Central Nervous System
Myelin: Structure, Synthesis and Assembly,” Trends in Cell Biology 21, no.
10 (2011): 585-593.

19. W. T. Norton and S. E. Poduslo, “Myelination in Rat Brain: Method of
Myelin Isolation,” Journal of Neurochemistry 21, no. 4 (1973): 749-757.

20.J. M. Boggs, “Myelin Basic Protein: A Multifunctional Protein,”
Cellular and Molecular Life Sciences 63, no. 17 (2006): 1945-1961.

21. M. Klugmann, M. H. Schwab, A. Piihlhofer, et al., “Assembly of CNS
Myelin in the Absence of Proteolipid Protein,” Neuron 18, no. 1(1997): 59—
70.

22. K. Simons and R. Ehehalt, “Cholesterol, Lipid Rafts, and Disease,”
Journal of Clinical Investigation 110, no. 5 (2002): 597-603.

23. R. Ehehalt, P. Keller, C. Haass, C. Thiele, and K. Simons, “Amy-
loidogenic Processing of the Alzheimer Beta-Amyloid Precursor Protein
Depends on Lipid Rafts,” Journal of Cell Biology 160, no. 1 (2003): 113-123.

24. T. Kawarabayashi, T. Nakamura, K. Sato, et al., “Lipid Rafts Act as a
Common Platform for Amyloid-8 Oligomer-Induced Alzheimer’s Disease
Pathology,” Journal of Alzheimer’s Disease 87, no. 3 (2022): 1189-1203.

25. S. Grassi, P. Giussani, L. Mauri, S. Prioni, S. Sonnino, and A. Prinetti,
“Lipid Rafts and Neurodegeneration: Structural and Functional Roles
in Physiologic Aging and Neurodegenerative Diseases,” Journal of Lipid
Research 61, no. 5 (2020): 636-654.

26. P. E. Steadman, F. Xia, M. Ahmed, et al., “Disruption of Oligodendro-
genesis Impairs Memory Consolidation in Adult Mice,” Neuron 105, no. 1
(2020): 150-164.

27. 1. Tavor, S. Hofstetter, and Y. Assaf, “Micro-Structural Assessment of
Short Term Plasticity Dynamics,” Neuroimage 81 (2013): 1-7.

28. H. Khelfaoui, C. Ibaceta-Gonzalez, and M. C. Angulo, “Functional
Myelin in Cognition and Neurodevelopmental Disorders,” Cellular and
Molecular Life Sciences 81, no. 1 (2024): 181.

29. S. Pajevic, P. J. Basser, and R. D. Fields, “Role of Myelin Plasticity
in Oscillations and Synchrony of Neuronal Activity,” Neuroscience 276
(2014): 135-147.

30. W. Xin and J. R. Chan, “Myelin Plasticity: Sculpting Circuits in
Learning and Memory,” Nature Reviews Neuroscience 21, no. 12 (2020):
682-694.

MedComm, 2026

19 of 30



3L. S. Pan, S. R. Mayoral, H. S. Choi, J. R. Chan, and M. A. Kheirbek,
“Preservation of a Remote Fear Memory Requires New Myelin Forma-
tion,” Nature Neuroscience 23, no. 4 (2020): 487-499.

32. A. C. Geraghty, E. M. Gibson, R. A. Ghanem, et al., “Loss of Adap-
tive Myelination Contributes to Methotrexate Chemotherapy-Related
Cognitive Impairment,” Neuron 103, no. 2 (2019): 250-265.

33.S. M. Yang, K. Michel, V. Jokhi, E. Nedivi, and P. Arlotta, “Neuron
Class-Specific Responses Govern Adaptive Myelin Remodeling in the
Neocortex,” Science 370, no. 6523 (2020): eabd2109.

34. W. Xin, M. Kaneko, R. H. Roth, et al., “Oligodendrocytes and Myelin
Limit Neuronal Plasticity in Visual Cortex,” Nature 633, no. 8031 (2024):
856-863.

35. E. G. Hughes, J. L. Orthmann-Murphy, A. J. Langseth, and D. E.
Bergles, “Myelin Remodeling Through Experience-Dependent Oligoden-
drogenesis in the Adult Somatosensory Cortex,” Nature Neuroscience 21,
no. 5 (2018): 696-706.

36. G. Bonetto, D. Belin, and R. T. Karadottir, “Myelin: A Gatekeeper
of Activity-Dependent Circuit Plasticity?,” Science 374, no. 6569 (2021):
eaba6905.

37.S. A. Parul and S. Shukla, “Novel Techniques for Early Diagnosis and
Monitoring of Alzheimer’s Disease,” Expert Review of Neurotherapeutics
25, n0. 1 (2025): 29-42.

38. E. Trushina, T. Dutta, X. M. Persson, M. M. Mielke, and R. C. Petersen,
“Identification of Altered Metabolic Pathways in Plasma and CSF in Mild
Cognitive Impairment and Alzheimer’s Disease Using Metabolomics,”
PLoS ONE 8, no. 5 (2013): €63644.

39. M. Oresi¢, T. Hyotyldinen, S. K. Herukka, et al., “Metabolome in
Progression to Alzheimer’s Disease,” Translational Psychiatry 1, no. 12
(2011): e57.

40. M. Moreno-Rodriguez, S. E. Perez, J. Martinez-Gardeazabal, et al.,
“Frontal Cortex Lipid Alterations During the Onset of Alzheimer’s
Disease,” Journal of Alzheimer’s Disease 98, no. 4 (2024): 1515-1532.

41. M. Diaz, N. Fabelo, V. Martin, I. Ferrer, T. Gomez, and R. Marin,
“Biophysical Alterations in Lipid Rafts From Human Cerebral Cortex
Associate With Increased BACE1/AbetaPP Interaction in Early Stages
of Alzheimer’s Disease,” Journal of Alzheimer’s Disease 43, no. 4 (2015):
1185-1198.

42. M. Mapstone, A. K. Cheema, M. S. Fiandaca, et al., “Plasma Phospho-
lipids Identify Antecedent Memory Impairment in Older Adults,” Nature
Medicine 20, no. 4 (2014): 415-418.

43. D. Miteva, G. V. Vasilev, and T. Velikova, “Role of Specific Autoanti-
bodies in Neurodegenerative Diseases: Pathogenic Antibodies or Promis-
ing Biomarkers for Diagnosis,” Antibodies (Basel) 12, no. 4 (2023):
81.

44. E. Friesen, K. Hari, M. Sheft, J. D. Thiessen, and M. Martin, “Magnetic
Resonance Metrics for Identification of Cuprizone-Induced Demyelina-
tion in the Mouse Model of Neurodegeneration: A Review,” Magma 37,
no. 5 (2024): 765-790.

45. N. 1. Wolf, C. Ffrench-Constant, and M. S. van der Knaap, “Hypomyeli-
nating Leukodystrophies—Unravelling Myelin Biology,” Nature Reviews
Neurology 17, no. 2 (2021): 83-103.

46. X. Da, E. Hempel, Y. Ou, et al., “Noninvasive Gamma Sensory
Stimulation May Reduce White Matter and Myelin Loss in Alzheimer’s
Disease,” Journal of Alzheimer’s Disease 97, no. 1 (2024): 359-372.

47. S.N. Lee, S. H. Woo, E. J. Lee, K. K. Kim, and H. R. Kim, “Association
Between Tlw/T2w Ratio in White Matter and Cognitive Function in
Alzheimer’s Disease,” Scientific Reports 14, no. 1 (2024): 7228.

48. M. Bouhrara and R. G. Spencer, “Rapid Simultaneous High-
Resolution Mapping of Myelin Water Fraction and Relaxation Times in
Human Brain Using BMC-mcDESPOT,” Neuroimage 147 (2017): 800-811.

49. J. Zhang, S. H. Kolind, C. Laule, and A. L. MacKay, “How Does Mag-
netization Transfer Influence mcDESPOT Results?,” Magnetic Resonance
in Medicine 74, no. 5 (2015): 1327-1335.

50. W. Jung, J. Lee, H. G. Shin, et al., “Whole Brain G-Ratio Mapping
Using Myelin Water Imaging (MWI) and Neurite Orientation Dispersion
and Density Imaging (NODDI),” Neuroimage 182 (2018): 379-388.

51. Y. Yan, M. Hu, X. He, et al., “Reliability of Radiomics Features as
Imaging Biomarkers for Evaluating Brain Aging: A Study Based on Myelin
Protein and Diffusion Tensor Imaging,” Neuroimage 307 (2025): 121040.

52. Z. Gong, M. Bilgel, M. Kiely, et al., “Lower Myelin Content Is Associ-
ated With More Rapid Cognitive Decline Among Cognitively Unimpaired
Individuals,” Alzheimer’s & Dementia 19, no. 7 (2023): 3098-3107.

53. A. T. Shafer, O. A. Williams, E. Perez, et al., “Accelerated Decline in
White Matter Microstructure in Subsequently Impaired Older Adults and
Its Relationship With Cognitive Decline,” Brain Communications 4, no. 2
(2022): fcac051.

54. Z.D. Morrissey, J. Gao, A. Shetti, et al., “Temporal Alterations in White
Matter in an App Knock-In Mouse Model of Alzheimer’s Disease,” eNeuro
11, no. 2 (2024): ENEURO.0496-23.2024.

55. D. K. Jones, T. R. Knosche, and R. Turner, “White Matter Integrity,
Fiber Count, and Other Fallacies: The Do’s and Don’ts of Diffusion MRI,”
Neuroimage 73 (2013): 239-254.

56. A. Z. Burzynska, C. Anderson, D. B. Arciniegas, et al., “Correlates of
Axonal Content in Healthy Adult Span: Age, Sex, Myelin, and Metabolic
Health,” Cerebral Circulation - Cognition and Behavior 6 (2024): 100203.

57. T. D. Parker, C. F. Slattery, J. Zhang, et al., “Cortical Microstructure in
Young Onset Alzheimer’s Disease Using Neurite Orientation Dispersion
and Density Imaging,” Human Brain Mapping 39, no. 7 (2018): 3005-3017.

58. N. M. Vogt, J. F. Hunt, N. Adluru, et al., “Cortical Microstructural
Alterations in Mild Cognitive Impairment and Alzheimer’s Disease
Dementia,” Cerebral Cortex 30, no. 5 (2020): 2948-2960.

59.J. S. W. Campbell, I. R. Leppert, S. Narayanan, et al., “Promise and
Pitfalls of G-Ratio Estimation With MRI,” Neuroimage 182 (2018): 80-96.

60. J. Oh, D. Ontaneda, C. Azevedo, et al., “Imaging Outcome Measures
of Neuroprotection and Repair in MS: A Consensus Statement From
NAIMS,” Neurology 92, no. 11 (2019): 519-533.

61. K. B. Walhovd, H. Johansen-Berg, and R. T. Karadottir, “Unraveling
the Secrets of White Matter—Bridging the Gap Between Cellular, Animal
and Human Imaging Studies,” Neuroscience 276 (2014): 2-13.

62. K. S. Chan and J. P. Marques, “Multi-Compartment Relaxometry and
Diffusion Informed Myelin Water Imaging—Promises and Challenges of
New Gradient Echo Myelin Water Imaging Methods,” Neuroimage 221
(2020): 117159.

63. L. Gu, D. Wu, X. Tang, et al., “Myelin Changes at the Early Stage of
5XFAD Mice,” Brain Research Bulletin 137 (2018): 285-293.

64. P. Scheltens, B. De Strooper, M. Kivipelto, et al., “Alzheimer’s
Disease,” Lancet 397, no. 10284 (2021): 1577-1590.

65. A. M. Minguillén Pereiro, B. Quintans Castro, A. Ouro Villasante,
et al., “PSEN2 Mutations May Mimic Frontotemporal Dementia: Two
New Case Reports and a Review,” Biomedicines 12, no. 8 (2024): 1881.

66. G. Operto, J. L. Molinuevo, R. Cacciaglia, et al., “Interactive Effect
of Age and APOE-¢4 Allele Load on White Matter Myelin Content
in Cognitively Normal Middle-Aged Subjects,” Neuroimage: Clinical 24
(2019): 101983.

67.J. W. Blanchard, L. A. Akay, J. Davila-Velderrain, et al., “APOE4
Impairs Myelination via Cholesterol Dysregulation in Oligodendrocytes,”
Nature 611, no. 7937 (2022): 769-779.

68. G. Bartzokis, P. H. Lu, D. H. Geschwind, et al., “Apolipoprotein E
Affects Both Myelin Breakdown and Cognition: Implications for Age-

20 of 30

MedComm, 2026



Related Trajectories of Decline Into Dementia,” Biological Psychiatry 62,
no. 12 (2007): 1380-1387.

69. S. Safaiyan, N. Kannaiyan, N. Snaidero, et al., “Age-Related Myelin
Degradation Burdens the Clearance Function of Microglia During
Aging,” Nature Neuroscience 19, no. 8 (2016): 995-998.

70. L. Cantuti-Castelvetri, D. Fitzner, M. Bosch-Queralt, et al., “Defective
Cholesterol Clearance Limits Remyelination in the Aged Central Nervous
System,” Science 359, no. 6376 (2018): 684-688.

71. G. Gouna, C. Klose, M. Bosch-Queralt, et al., “TREM2-Dependent
Lipid Droplet Biogenesis in Phagocytes Is Required for Remyelination,”
Journal of Experimental Medicine 218, no. 10 (2021): €20210227.

72. C. Chen, Y. Shu, C. Yan, et al., “Astrocyte-Derived Clusterin Dis-
rupts Glial Physiology to Obstruct Remyelination in Mouse Models of
Demyelinating Diseases,” Nature Communications 15, no. 1 (2024): 7791.

73. A. Kozlova, S. Zhang, A. Sudwarts, et al., “PICALM Alzheimer’s Risk
Allele Causes Aberrant Lipid Droplets in Microglia,” Nature 646, no. 8087
(2025): 1178-1186.

74.]. A. Barnes-Vélez, F. B. Aksoy Yasar, and J. Hu, “Myelin Lipid
Metabolism and Its Role in Myelination and Myelin Maintenance,”
Innovation (Cambridge) 4, no. 1 (2022): 100360.

75. S. K. Halder and R. Milner, “Hypoxia in Multiple Sclerosis; Is It the
Chicken or the Egg?,” Brain 144, no. 2 (2021): 402-410.

76. T. W. Chapman, Y. Kamen, E. T. Piedra, and R. A. Hill, “Oligo-
dendrocyte Maturation Alters the Cell Death Mechanisms That Cause
Demyelination,” Journal of Neuroscience 44, no. 13 (2024): €e1794232024.

77. D. A. Maas, A. Vallés, and G. J. M. Martens, “Oxidative Stress, Pre-
frontal Cortex Hypomyelination and Cognitive Symptoms in Schizophre-
nia,” Translational Psychiatry 7, no. 7 (2017): ell71.

78.S. E. Nasrabady, B. Rizvi, J. E. Goldman, and A. M. Brickman,
“White Matter Changes in Alzheimer’s Disease: A Focus on Myelin
and Oligodendrocytes,” Acta Neuropathologica Communications 6, no. 1
(2018): 22.

79.Y. Zhang, Y. Jin, M. J. Behr, P. J. Feustel, J. P. Morrison, and H. K.
Kimelberg, “Behavioral and Histological Neuroprotection by Tamoxifen
After Reversible Focal Cerebral Ischemia,” Experimental Neurology 196,
no. 1 (2005): 41-46.

80. D. M. McTigue and R. B. Tripathi, “The Life, Death, and Replacement
of Oligodendrocytes in the Adult CNS,” Journal of Neurochemistry 107, no.
1(2008): 1-19.

81. B. H. Juurlink, S. K. Thorburne, and L. Hertz, “Peroxide-Scavenging
Deficit Underlies Oligodendrocyte Susceptibility to Oxidative Stress,”
Glia 22, no. 4 (1998): 371-378.

82. S. Huang, C. Ren, Y. Luo, Y. Ding, X. Ji, and S. Li, “New Insights Into
the Roles of Oligodendrocytes Regulation in Ischemic Stroke Recovery,”
Neurobiology of Disease 184 (2023): 106200.

83. R. Bai, J. Guo, X. Y. Ye, Y. Xie, and T. Xie, “Oxidative Stress: The Core
Pathogenesis and Mechanism of Alzheimer’s Disease,” Ageing Research
Reviews 77 (2022): 101619.

84.N. G. Rummel and D. A. Butterfield, “Altered Metabolism in
Alzheimer Disease Brain: Role of Oxidative Stress,” Antioxidants & Redox
Signaling 36, no. 16-18 (2022): 1289-1305.

85. A. M. Butt, “Neurotransmitter-Mediated Calcium Signalling in Oligo-
dendrocyte Physiology and Pathology,” Glia 54, no. 7 (2006): 666-675.

86. C. Matute, M. Domercq, and M. V. Sanchez-Gémez, “Glutamate-
Mediated Glial Injury: Mechanisms and Clinical Importance,” Glia 53, no.
2 (2006): 212-224.

87. G. Mifsud, C. Zammit, R. Muscat, G. Di Giovanni, and M. Valentino,

“Oligodendrocyte Pathophysiology and Treatment Strategies in Cerebral
Ischemia,” CNS Neuroscience & Therapeutics 20, no. 7 (2014): 603-612.

88. A. A. Starkov, C. Chinopoulos, and G. Fiskum, “Mitochondrial
Calcium and Oxidative Stress as Mediators of Ischemic Brain Injury,” Cell
Calcium 36, no. 3—-4 (2004): 257-264.

89. M. L. Gosztyla, H. M. Brothers, and S. R. Robinson, “Alzheimer’s
Amyloid-38 Is an Antimicrobial Peptide: A Review of the Evidence,”
Journal of Alzheimer’s Disease 62, no. 4 (2018): 1495-1506.

90.T. J. Yuen, J. C. Silbereis, A. Griveau, et al., “Oligodendrocyte-
Encoded HIF Function Couples Postnatal Myelination and White Matter
Angiogenesis,” Cell 158, no. 2 (2014): 383-396.

91. F. R. Sharp and M. Bernaudin, “HIF1 and Oxygen Sensing in the
Brain,” Nature Reviews Neuroscience 5, no. 6 (2004): 437-448.

92.J. C. Chavez and J. C. LaManna, “Activation of Hypoxia-Inducible
Factor-1 in the Rat Cerebral Cortex After Transient Global Ischemia:
Potential Role of Insulin-Like Growth Factor-1,” Journal of Neuroscience
22, no. 20 (2002): 8922-8931.

93. R. Hazra, H. Hubert, L. Little-Thrig, et al., “Insulin-Like Growth
Factor-1 Prevents Hypoxia/Reoxygenation-Induced White Matter Injury
in Sickle Cell Mice,” Biomedicines 11, no. 3 (2023): 692.

94. V. Coelho-Santos and A. Y. Shih, “Postnatal Development of Cere-
brovascular Structure and the Neurogliovascular Unit,” Wiley Interdisci-
plinary Reviews: Developmental Biology 9, no. 2 (2020): e363.

95. G. Liu, C. Yang, X. Wang, X. Chen, Y. Wang, and W. Le, “Oxygen
Metabolism Abnormality and Alzheimer’s Disease: An Update,” Redox
Biology 68 (2023): 102955.

96. W. M. van der Flier and M. T. Heneka, “Zooming in on Brain
Inflammation in Alzheimer’s Disease,” Brain 148, no. 1 (2025): 1-2.

97. H. Lassmann, J. van Horssen, and D. Mahad, “Progressive Multiple
Sclerosis: Pathology and Pathogenesis,” Nature Reviews Neurology 8, no.
11 (2012): 647-656.

98. R. F. Itzhaki, T. E. Golde, M. T. Heneka, and B. Readhead, “Do
Infections Have a Role in the Pathogenesis of Alzheimer Disease?,”
Nature Reviews Neurology 16, no. 4 (2020): 193-197.

99. S. Liu, S. G. Dashper, and R. Zhao, “Association Between Oral Bacteria
and Alzheimer’s Disease: A Systematic Review and Meta-Analysis,”
Journal of Alzheimer’s Disease 91, no. 1 (2023): 129-150.

100. K. M. Loupy, T. Lee, C. A. Zambrano, et al., “Alzheimer’s Disease:
Protective Effects of Mycobacterium vaccae, a Soil-Derived Mycobac-
terium With Anti-Inflammatory and Anti-Tubercular Properties, on the
Proteomic Profiles of Plasma and Cerebrospinal Fluid in Rats,” Journal of
Alzheimer’s Disease 78, no. 3 (2020): 965-987.

101. K. Krynska, K. Kulis, W. Mazurek, M. Gudowska-Sawczuk, M.
Zajkowska, and B. Mroczko, “The Influence of SARS-CoV-2 Infection
on the Development of Selected Neurological Diseases,” International
Journal of Molecular Sciences 25, no. 16 (2024): 8715.

102. D. Shan, C. Wang, T. Crawford, and C. Holland, “Association
Between COVID-19 Infection and New-Onset Dementia in Older Adults:
A Systematic Review and Meta-Analysis,” BMC Geriatrics 24, no. 1(2024):
940.

103. A. Rani, P. Patra, T. P. Verma, et al., “Deciphering the Asso-
ciation of Epstein-Barr Virus and Its Glycoprotein M Peptide With
Neuropathologies in Mice,” ACS Chemical Neuroscience 15, no. 6 (2024):
1254-1264.

104. Z. Wang, J. Liu, J. Han, et al., “Herpes Simplex Virus 1 Accelerates the
Progression of Alzheimer’s Disease by Modulating Microglial Phagocyto-
sis and Activating NLRP3 Pathway,” Journal of Neuroinflammation 21, no.
1(2024): 176.

105. M. Eyting, M. Xie, F. Michalik, S. Hef3, S. Chung, and P. Geldsetzer,
“A Natural Experiment on the Effect of Herpes Zoster Vaccination on
Dementia,” Nature 641, no. 8062 (2025): 438-446.

106. X. Li, M. Kiprowska, T. Kansara, P. Kansara, and P. Li, “Neuroin-
flammation: A Distal Consequence of Periodontitis,” Journal of Dental
Research 101, no. 12 (2022): 1441-1449.

107. J. Xie, L. Van Hoecke, and R. E. Vandenbroucke, “The Impact of
Systemic Inflammation on Alzheimer’s Disease Pathology,” Frontiers in
Immunology 12 (2012): 796867.

MedComm, 2026

21 0f 30



108. R. Illescas-Montes, C. C. Corona-Castro, L. Melguizo-Rodriguez, C.
Ruiz, and V. J. Costela-Ruiz, “Infectious Processes and Systemic Lupus
Erythematosus,” Immunology 158, no. 3 (2019): 153-160.

109. D. Kaur, V. Sharma, and R. Deshmukh, “Activation of Microglia and
Astrocytes: A Roadway to Neuroinflammation and Alzheimer’s Disease,”
Inflammopharmacology 27, no. 4 (2019): 663-677.

110. M. Kitazawa, D. Cheng, M. R. Tsukamoto, et al., “Blocking IL-1
Signaling Rescues Cognition, Attenuates Tau Pathology, and Restores
Neuronal S-Catenin Pathway Function in an Alzheimer’s Disease Model,”
Journal of Immunology 187, no. 12 (2011): 6539-6549.

111. R. D. Moir, R. Lathe, and R. E. Tanzi, “The Antimicrobial Protection
Hypothesis of Alzheimer’s Disease,” Alzheimer’s & Dementia 14, no. 12
(2018): 1602-1614.

112. X. L. Wang, J. Iwanami, L. J. Min, et al., “Deficiency of Angiotensin-
Converting Enzyme 2 Causes Deterioration of Cognitive Function,” NPJ
Aging and Mechanisms of Disease 2 (2016): 16024.

113. E. Papu¢, E. Kurys-Denis, W. Krupski, M. Tatara, and K. Rejdak,
“Can Antibodies Against Glial Derived Antigens be Early Biomarkers of
Hippocampal Demyelination and Memory Loss in Alzheimer’s Disease?,”
Journal of Alzheimer’s Disease 48, no. 1 (2015): 115-121.

114. M. Y. Xu, X. Yi, S. Huang, et al., “Trajectory of Changes in Myelin
Basic Protein Levels in Cerebrospinal Fluid During Ageing and Its
Association With Biomarkers of Alzheimer’s Disease,” Translational
Psychiatry 15, no. 1 (2025): 149.

115. D. Wu, X. Tang, L. H. Gu, et al., “LINGO-1 Antibody Ameliorates
Myelin Impairment and Spatial Memory Deficits in the Early Stage of
5XFAD Mice,” CNS Neuroscience & Therapeutics 24, no. 5 (2018): 381-393.

116. E. D. SoRelle and M. A. Luftig, “Multiple Sclerosis and Infection: His-
tory, EBV, and the Search for Mechanism,” Microbiology and Molecular
Biology Reviews 89, no. 1 (2025): e0011923.

117. S. P. T. Yiu, C. Zerbe, D. Vanderwall, E. L. Huttlin, M. P. Weekes, and
B. E. Gewurz, “An Epstein-Barr Virus Protein Interaction Map Reveals
NLRP3 Inflammasome Evasion via MAVS UFMylation,” Molecular Cell
83, no. 13 (2023): 2367-2386.¢€l5.

118. M. T. Heneka, M. P. Kummer, A. Stutz, et al., “NLRP3 Is Activated
in Alzheimer’s Disease and Contributes to Pathology in APP/PS1 Mice,”
Nature 493, no. 7434 (2013): 674-678.

119. C. Stadelmann, C. Wegner, and W. Briick, “Inflammation, Demyeli-
nation, and Degeneration—Recent Insights From MS Pathology,”
Biochimica et Biophysica Acta 1812, no. 2 (2011): 275-282.

120. G. E. Parrilla, V. Gupta, R. V. Wall, et al.,, “The Role of Myelin
in Neurodegeneration: Implications for Drug Targets and Neuropro-
tection Strategies,” Reviews in the Neurosciences 35, no. 3 (2023): 271-
292.

121. R. Miiller, M. Heinrich, S. Heck, D. Blohm, and C. Richter-Landsberg,
“Expression of Microtubule-Associated Proteins MAP2 and Tau in Cul-
tured Rat Brain Oligodendrocytes,” Cell and Tissue Research 288, no. 2
(1997): 239-249.

122. T. Torii, Y. Miyamoto, R. Nakata, et al., “Identification of Tau
Protein as a Novel Marker for Maturation and Pathological Changes of
Oligodendrocytes,” Glia 71, no. 4 (2023): 1002-1017.

123. U. Balantzategi, A. Gaminde-Blasco, C. A. Kearns, et al., “Amyloid-
B Dysregulates Oligodendroglial Lineage Cell Dynamics and Myelination
via PKC in the Zebrafish Spinal Cord,” Glia 73, no. 7 (2025): 1437-1451.

124. C. Brandscheid, F. Schuck, S. Reinhardt, et al., “Altered Gut Micro-
biome Composition and Tryptic Activity of the 5XFAD Alzheimer’s
Mouse Model,” Journal of Algheimer’s Disease 56, no. 2 (2017): 775-
788.

125. H. B. Dodiya, M. Frith, A. Sidebottom, et al., “Synergistic Depletion
of Gut Microbial Consortia, but Not Individual Antibiotics, Reduces Amy-
loidosis in APPPSI-21 Alzheimer’s Transgenic Mice,” Scientific Reports 10,
no. 1(2020): 8183.

126. J. Maldonado Weng, I. Parikh, A. Naqib, et al., “Synergistic Effects of
APOE and Sex on the Gut Microbiome of Young EFAD Transgenic Mice,”
Molecular Neurodegeneration 14, no. 1 (2019): 47.

127. D. Erny, A. L. Hrabé de Angelis, D. Jaitin, et al., “Host Microbiota
Constantly Control Maturation and Function of Microglia in the CNS,”
Nature Neuroscience 18, no. 7 (2015): 965-977.

128. H. Dubey, R. Roychoudhury, A. Alex, et al., “Effect of Human
Infant Gut Microbiota on Mouse Behavior, Dendritic Complexity, and
Myelination,” BioRxiv: The Preprint Server for Biology (2023).

129. J. Kambe, K. Usuda, R. Inoue, et al., “Hydrogen Peroxide in Breast
Milk Is Crucial for Gut Microbiota Formation and Myelin Development
in Neonatal Mice,” Gut Microbes 16, no. 1 (2024): 2359729.

130. X. Wang, Z. Liang, S. Wang, D. Ma, M. Zhu, and J. Feng, “Role of Gut
Microbiota in Multiple Sclerosis and Potential Therapeutic Implications,”
Current Neuropharmacology 20, no. 7 (2022): 1413-1426.

131. P. Melbye, A. Olsson, T. H. Hansen, H. B. Sendergaard, and A.
Bang Oturai, “Short-Chain Fatty Acids and Gut Microbiota in Multiple
Sclerosis,” Acta Neurologica Scandinavica 139, no. 3 (2019): 208-219.

132. S. Esposito, G. M. Di Pietro, B. Madini, M. V. Mastrolia, and D.
Rigante, “A Spectrum of Inflammation and Demyelination in Acute
Disseminated Encephalomyelitis (ADEM) of Children,” Autoimmunity
Reviews 14, no. 10 (2015): 923-929.

133. W. Tang, Q. Wang, M. Sun, et al, “The Gut Microbiota-
Oligodendrocyte Axis: A Promising Pathway for Modulating
Oligodendrocyte Homeostasis and Demyelination-Associated Disorders,”
Life Sciences 354 (2024): 122952.

134. M. Gacias, S. Gaspari, P. M. Santos, et al., “Microbiota-Driven Tran-
scriptional Changes in Prefrontal Cortex Override Genetic Differences in
Social Behavior,” Elife 5 (2016): e13442.

135. A. E. Hoban, R. M. Stilling, F. J. Ryan, et al., “Regulation of Prefrontal
Cortex Myelination by the Microbiota,” Translational Psychiatry 6, no. 4
(2016): e774.

136. M. Luca, S. C. Chattipakorn, S. Sriwichaiin, and A. Luca, “Cognitive-
Behavioural Correlates of Dysbiosis: A Review,” International Journal of
Molecular Sciences 21, no. 14 (2020): 4834.

137. Y. Sun, M. Jiang, X. Long, et al., “Transcriptomic Analysis of Lipid
Metabolism Genes in Alzheimer’s Disease: Highlighting Pathological
Outcomes and Compartmentalized Immune Status,” Journal of Molecular
Neuroscience 74, no. 2 (2024): 55.

138. I. Kaya, E. Jennische, S. Lange, A. Tarik Baykal, P. Malmberg, and
J. S. Fletcher, “Brain Region-Specific Amyloid Plaque-Associated Myelin
Lipid Loss, APOE Deposition and Disruption of the Myelin Sheath in
Familial Alzheimer’s Disease Mice,” Journal of Neurochemistry 154, no.
1(2020): 84-98.

139. H. Kolsch, R. Heun, A. Kerksiek, K. V. Bergmann, W. Maier, and D.
Liitjohann, “Altered Levels of Plasma 24S- and 27-Hydroxycholesterol in
Demented Patients,” Neuroscience Letters 368, no. 3 (2004): 303-308.

140. T. Wisniewski, K. Newman, and N. B. Javitt, “Alzheimer’s Disease:
Brain Desmosterol Levels,” Journal of Alzheimer’s Disease 33, no. 3 (2013):
881-888.

141. Y. Sato, I. Suzuki, T. Nakamura, F. Bernier, K. Aoshima, and Y. Oda,
“Identification of a New Plasma Biomarker of Alzheimer’s Disease Using
Metabolomics Technology,” Journal of Lipid Research 53, no. 3 (2012): 567
576.

142. W. Cohn, M. Melnik, C. Huang, et al., “Multi-Omics Analysis of
Microglial Extracellular Vesicles From Human Alzheimer’s Disease Brain
Tissue Reveals Disease-Associated Signatures,” Frontiers in Pharmacology
12 (2021): 766082.

143.J. K. Blusztajn, N. Aytan, T. Rajendiran, et al., “Cerebral Gray
and White Matter Monogalactosyl Diglyceride Levels Rise With the
Progression of Alzheimer’s Disease,” Journal of Alzheimer’s Disease 95, no.
4(2023):1623-1634.

22 of 30

MedComm, 2026



144. H. Takahashi, A. Perez-Canamas, C. W. Lee, H. Ye, X. Han, and S. M.
Strittmatter, “Lysosomal TMEM106B Interacts With Galactosylcerami-
dase to Regulate Myelin Lipid Metabolism,” Communications Biology 7,
no. 1(2024): 1088.

145. L. P. Klosinski, J. Yao, F. Yin, et al., “White Matter Lipids as a Keto-
genic Fuel Supply in Aging Female Brain: Implications for Alzheimer’s
Disease,” EBioMedicine 2, no. 12 (2015): 1888-1904.

146. E. Asadollahi, A. Trevisiol, A. S. Saab, et al., “Oligodendroglial Fatty
Acid Metabolism as a Central Nervous System Energy Reserve,” Nature
Neuroscience 27, no. 10 (2024): 1934-1944.

147.Y. Cao, L. W. Zhao, Z. X. Chen, and S. H. Li, “New Insights in
Lipid Metabolism: Potential Therapeutic Targets for the Treatment of
Alzheimer’s Disease,” Frontiers in Neuroscience 18 (2024): 1430465.

148.Y. Liu, X. K. Meng, W. Z. Shao, et al., “miR-34a/TAN1/CREB
Axis Engages in Alleviating Oligodendrocyte Trophic Factor-Induced
Myelin Repair Function and Astrocyte-Dependent Neuroinflammation
in the Early Stages of Alzheimer’s Disease: The Anti-Neurodegenerative
Effect of Treadmill Exercise,” Neurochemical Research 49, no. 4 (2024):
1105-1120.

149. S. Paul, J. Bhardwaj, and B. K. Binukumar, “Cdk5-Mediated Oligo-
dendrocyte Myelin Breakdown and Neuroinflammation: Implications for
the Link Between Type 2 Diabetes and Alzheimer’s Disease,” Biochimica
et Biophysica Acta - Molecular Basis of Disease 1870, no. 2 (2024): 166986.

150. B. R. Roberts, T. M. Ryan, A. I. Bush, C. L. Masters, and J. A.
Duce, “The Role of Metallobiology and Amyloid-g Peptides in Alzheimer’s
Disease,” Journal of Neurochemistry 120, no. suppl 1 (2012): 149-166.

151. Y. Liu, J. Ma, Q. Zhang, Y. Wang, and Q. Sun, “Mechanism of Metal
Complexes in Alzheimer’s Disease,” International Journal of Molecular
Sciences 25, no. 22 (2024): 11873.

152. R.J. Ward, F. A. Zucca, J. H. Duyn, R. R. Crichton, and L. Zecca, “The
Role of Iron in Brain Ageing and Neurodegenerative Disorders,” Lancet
Neurology 13, no. 10 (2014): 1045-1060.

153. J. L. Merenstein, J. Zhao, D. K. Overson, et al., “Depth- and Curvature-
Based Quantitative Susceptibility Mapping Analyses of Cortical Iron in
Alzheimer’s Disease,” Cerebral Cortex 34, no. 2 (2024): bhad525.

154. N. Khattar, C. Triebswetter, M. Kiely, et al., “Investigation of the
Association Between Cerebral Iron Content and Myelin Content in Nor-
mative Aging Using Quantitative Magnetic Resonance Neuroimaging,”
Neuroimage 239 (2021): 118267.

155. N. J. Lee, S. K. Ha, P. Sati, et al., “Potential Role of Iron in Repair of
Inflammatory Demyelinating Lesions,” Journal of Clinical Investigation
129, no. 10 (2019): 4365-4376.

156. Y. H. Hung, A. I. Bush, and S. La Fontaine, “Links Between Copper
and Cholesterol in Alzheimer’s Disease,” Frontiers in Physiology 4 (2013):
111.

157. N. Wigger, J. Kriiger, E. Vankriekelsvenne, and M. Kipp, “Titration of
Cuprizone Induces Reliable Demyelination,” Brain Research 1850 (2025):
149410.

158. Y. H. Hung, E. L. Robb, I. Volitakis, et al., “Paradoxical Condensation
of Copper With Elevated Beta-Amyloid in Lipid Rafts Under Cellular
Copper Deficiency Conditions: Implications for Alzheimer Disease,”
Journal of Biological Chemistry 284, no. 33 (2009): 21899-21907.

159. S. Cui, T. Chen, D. Xin, et al., “Zinc-Finger Protein ZFP488 Regulates
the Timing of Oligodendrocyte Myelination and Remyelination,” Journal
of Neuroscience 44, no. 39 (2024): e0141242024.

160. Q. Lv, A. Yang, Z. Han, et al., “Selenoprotein H Mediates Low
Selenium-Related Cognitive Decline Through Impaired Oligodendrocyte
Myelination With Disrupted Hippocampal Lipid Metabolism in Female
Mice,” Food & Function 15, no. 16 (2024): 8544-8561.

161. L. L. Liu, U. Emir, H. Gu, et al,, “Demyelination and Impaired
Oligodendrogenesis in the Corpus Callosum Following Lead Exposure,”
Toxicological Sciences 202, no. 1 (2024): 123-141.

162. L. Wang, Y. L. Yin, X. Z. Liu, et al.,, “Current Understanding of
Metal Ions in the Pathogenesis of Alzheimer’s Disease,” Translational
Neurodegeneration 9 (2020): 10.

163. S. Tajahmadi, H. Molavi, F. Ahmadijokani, et al., “Metal-Organic
Frameworks: A Promising Option for the Diagnosis and Treatment of
Alzheimer’s Disease,” Journal of Controlled Release 353 (2023): 1-29.

164. 1. Barthes, H. Ozcelik, M. Hindié, A. Ndreu-Halili, A. Hasan, and N.
E. Vrana, “Cell Microenvironment Engineering and Monitoring for Tissue
Engineering and Regenerative Medicine: The Recent Advances,” BioMed
Research International 2014 (2014): 921905.

165. J. Buchanan, L. Elabbady, F. Collman, et al., “Oligodendrocyte
Precursor Cells Ingest Axons in the Mouse Neocortex,” PNAS U S A 119,
no. 48 (2022): €2202580119.

166. C. Wu, R. Duan, and L. Yang, “Astrocyte-Mediated Oligodendro-
cyte Precursor Cells Detachment From Vessels,” Cell Biochemistry and
Biophysics 81, no. 3 (2023): 379-381.

167. S. Ghorbani and V. W. Yong, “The Extracellular Matrix as Modifier of
Neuroinflammation and Remyelination in Multiple Sclerosis,” Brain 144,
no. 7 (2021): 1958-1973.

168. L. W. Lau, R. Cua, M. B. Keough, S. Haylock-Jacobs, and V. W. Yong,
“Pathophysiology of the Brain Extracellular Matrix: A New Target for
Remyelination,” Nature Reviews Neuroscience 14, no. 10 (2013): 722-729.

169. S. Mitew, M. T. Kirkcaldie, G. M. Halliday, C. E. Shepherd, J. C.
Vickers, and T. C. Dickson, “Focal Demyelination in Alzheimer’s Disease
and Transgenic Mouse Models,” Acta Neuropathologica 119, no. 5 (2010):
567-577.

170. M. Wei, W. Li, G. Bao, Z. Yang, S. Li, and W. Le, “PM2.5 Exposure
Exacerbates Alzheimer’s Disease Pathology Through Lysosomal Dys-
function in APP/PS1 Mice,” Ecotoxicology and Environmental Safety 303
(2025): 118918.

171. L. Sorokin, “The Impact of the Extracellular Matrix on Inflamma-
tion,” Nature Reviews Immunology 10, no. 10 (2010): 712-723.

172. V. W. Yong, R. K. Zabad, S. Agrawal, A. Goncalves Dasilva, and L.
M. Metz, “Elevation of Matrix Metalloproteinases (MMPs) in Multiple
Sclerosis and Impact of Immunomodulators,” Journal of the Neurological
Sciences 259, no. 1-2 (2007): 79-84.

173. S. Ghorbani, C. Li, B. M. Lozinski, et al., “Fibulin-2 Is an Extracellular
Matrix Inhibitor of Oligodendrocytes Relevant to Multiple Sclerosis,”
Journal of Clinical Investigation 134, no. 13 (2024): €176910.

174. D. E. Bergles, J. D. Roberts, P. Somogyi, and C. E. Jahr, “Glutamatergic
Synapses on Oligodendrocyte Precursor Cells in the Hippocampus,”
Nature 405, no. 6783 (2000): 187-191.

175. A. Verkhratsky, B. Li, J. Niu, et al., “Neuroglial Advances: New Roles
for Established Players,” Journal of Neurochemistry 169, no. 5 (2025):
€70080.

176. H. Chen, L. Fan, Q. Guo, et al., “DAPI2 Deletion Reduces Neuronal
SLIT2 and Demyelination and Enhances Brain Resilience in Female
Tauopathy Mice,” Molecular Neurodegeneration 20, no. 1 (2025): 124.

177. A. Compston and A. Coles, “Multiple Sclerosis,” Lancet 359, no. 9313
(2002): 1221-1231.

178. S. Sawcer, R. J. Franklin, and M. Ban, “Multiple Sclerosis Genetics,”
Lancet Neurology 13, no. 7 (2014): 700-709.

179. M. S. Woo, J. B. Engler, and M. A. Friese, “The Neuropathobiology of
Multiple Sclerosis,” Nature Reviews Neuroscience 25, no. 7 (2024): 493-513.

180. M. Zirngibl, P. Assinck, A. Sizov, A. V. Caprariello, and J. R. Plemel,
“Oligodendrocyte Death and Myelin Loss in the cuprizone Model: An
Updated Overview of the Intrinsic and Extrinsic Causes of Cuprizone
Demyelination,” Molecular Neurodegeneration 17, no. 1 (2022): 34.

181. G. G. Ortiz, F. P. Pacheco-Moises, O. K. Bitzer-Quintero, et al.,
“Immunology and Oxidative Stress in Multiple Sclerosis: Clinical and
Basic Approach,” Clinical & Developmental Immunology 2013 (2013):
708659.

MedComm, 2026

23 of 30



182. J. van Langelaar, L. Rijvers, J. Smolders, and M. M. van Luijn, “B and
T Cells Driving Multiple Sclerosis: Identity, Mechanisms and Potential
Triggers,” Frontiers in Immunology 11 (2020): 760.

183.S. A. Sonar and G. Lal, “Differentiation and Transmigration of
CD4 T Cells in Neuroinflammation and Autoimmunity,” Frontiers in
Immunology 8 (2017): 1695.

184. D. H. Mahad, B. D. Trapp, and H. Lassmann, “Pathological Mecha-
nisms in Progressive Multiple Sclerosis,” Lancet Neurology 14, no. 2 (2015):
183-193.

185. G. V. Raymond, “Leukodystrophy: Basic and Clinical,” Advances in
Neurobiology 15 (2017): 365-382.

186. H. W. Moser, A. Mahmood, and G. V. Raymond, “X-Linked
Adrenoleukodystrophy,” Nature Clinical Practice Neurology 3, no. 3
(2007): 140-151.

187. V. Gieselmann and I Krageloh-Mann, “Metachromatic
Leukodystrophy—An Update,” Neuropediatrics 41, no. 1 (2010): 1-6.

188. M. S. Elitt and P. J. Tesar, “Pelizacus-Merzbacher Disease: On the
Cusp of Myelin Medicine,” Trends in Molecular Medicine 30, no. 5 (2024):
459-470.

189. A. M. Bradbury, E. R. Bongarzone, and M. S. Sands, “Krabbe Disease:
New Hope for an Old Disease,” Neuroscience Letters 752 (2021): 135841.

190. D. Hoffman-Zacharska, T. Kmiec, J. Poznanski, M. Jurek, and J. Bal,
“Mutations in the PLP1 Gene Residue p. Gly198 as the Molecular Basis of
Pelizeaus-Merzbacher Phenotype,” Brain & Development 35, no. 9 (2013):
877-880.

191. G. M. Hobson and J. Y. Garbern, “Pelizacus-Merzbacher Disease,
Pelizaeus-Merzbacher-Like Disease 1, and Related Hypomyelinating
Disorders,” Seminars in Neurology 32, no. 1 (2012): 62-67.

192. Y. Numasawa-Kuroiwa, Y. Okada, S. Shibata, et al., “Involvement of
ER Stress in Dysmyelination of Pelizaeus-Merzbacher Disease With PLP1
Missense Mutations Shown by iPSC-Derived Oligodendrocytes,” Stem
Cell Reports 2, no. 5 (2014): 648-661.

193. N. Chen, J. Wang, Y. Jiang, Y. Wu, H. Hao, and T. Ji, “Different
Mutations of Gap Junction Connexin 47 Lead to Discrepant Activation
of Unfolded Protein Response Pathway in Pelizaeus-Merzbacher-Like
Disease,” Neuropediatrics 48, no. 6 (2017): 426-431.

194. R. E. Flores-Obando, M. M. Freidin, A. I. Hernandez, and
C. K. Abrams, “Activation of the Unfolded Protein Response by
Connexin47 Mutations Associated With Pelizaeus-Merzbacher-
Like Disease,” Molecular and Cellular Neuroscience 120 (2022):
103716.

195. C. P. Papaneophytou, E. Georgiou, C. Karaiskos, et al., “Regulatory
Role of Oligodendrocyte Gap Junctions in Inflammatory Demyelination,”
Glia 66, no. 12 (2018): 2589-2603.

196. M. Cesani, L. Lorioli, S. Grossi, et al., “Mutation Update of ARSA and
PSAP Genes Causing Metachromatic Leukodystrophy,” Human Mutation
37, no. 1(2016): 16-27.

197. M. Mekhaeil, M. J. Conroy, and K. K. Dev, “Olaparib Attenuates
Demyelination and Neuroinflammation in an Organotypic Slice Culture
Model of Metachromatic Leukodystrophy,” Neurotherapeutics 20, no. 5
(2023): 1347-1368.

198. G. Frati, M. Luciani, V. Meneghini, et al., “Human iPSC-Based
Models Highlight Defective Glial and Neuronal Differentiation From
Neural Progenitor Cells in Metachromatic Leukodystrophy,” Cell Death
& Disease 9, no. 6 (2018): 698.

199. D. Iacono, S. Koga, H. Peng, et al., “Galactosylceramidase Deficiency
and Pathological Abnormalities in Cerebral White Matter of Krabbe
Disease,” Neurobiology of Disease 174 (2022): 105862.

200. T. Coetzee, J. L. Dupree, and B. Popko, “Demyelination and Altered
Expression of Myelin-Associated Glycoprotein Isoforms in the Central
Nervous System of Galactolipid-Deficient Mice,” Journal of Neuroscience
Research 54, no. 5 (1998): 613-622.

201. L. M. P. Evans, J. Gawron, F. J. Sim, M. L. Feltri, and L. N. Marziali,
“Human iPSC-Derived Myelinating Organoids and Globoid Cells to Study
Krabbe Disease,” PLoS ONE 19, no. 12 (2024): e0314858.

202. P. Bougneres and C. Le Stunff, “Revisiting the Pathogenesis of
X-Linked Adrenoleukodystrophy,” Genes (Basel) 16, no. 5 (2025): 590.

203. S. Hein, P. Schonfeld, S. Kahlert, and G. Reiser, “Toxic Effects of X-
Linked Adrenoleukodystrophy-Associated, Very Long Chain Fatty Acids
on Glial Cells and Neurons From Rat Hippocampus in Culture,” Human
Molecular Genetics 17, no. 12 (2008): 1750-1761.

204.J. Jang, H. C. Kang, H. S. Kim, et al., “Induced Pluripotent Stem
Cell Models From X-Linked Adrenoleukodystrophy Patients,” Annals of
Neurology 70, no. 3 (2011): 402-409.

205. J.Jang, S. Park, H. Jin Hur, et al., “25-Hydroxycholesterol Contributes
to Cerebral Inflammation of X-Linked Adrenoleukodystrophy Through
Activation of the NLRP3 Inflammasome,” Nature Communications 7
(2016): 13129.

206. S. Koene, P. H. Willems, P. Roestenberg, W. J. Koopman, and J.
A. Smeitink, “Mouse Models for Nuclear DNA-Encoded Mitochondrial
Complex I Deficiency,” Journal of Inherited Metabolic Disease 34, no. 2
(2011): 293-307.

207. E. Dao, R. Tam, G. R. Hsiung, et al., “Exploring the Contribution
of Myelin Content in Normal Appearing White Matter to Cognitive
Outcomes in Cerebral Small Vessel Disease,” Journal of Alzheimer’s
Disease 80, no. 1 (2021): 91-101.

208. H. S. Markus and A. Joutel, “The Pathogenesis of Cerebral Small Ves-
sel Disease and Vascular Cognitive Impairment,” Physiological Reviews
105, no. 3 (2025): 1075-1171.

209. S. P. Kennelly, B. A. Lawlor, and R. A. Kenny, “Blood Pressure
and Dementia—A Comprehensive Review,” Therapeutic Advances in
Neurological Disorders 2, no. 4 (2009): 241-260.

210. C. Dufouil, A. de Kersaint-Gilly, V. Besancon, et al., “Longitudinal
Study of Blood Pressure and White Matter Hyperintensities: The EVA
MRI Cohort,” Neurology 56, no. 7 (2001): 921-926.

211. R.J. Havlik, D. J. Foley, B. Sayer, K. Masaki, L. White, and L. J. Launer,
“Variability in Midlife Systolic Blood Pressure Is Related to Late-life Brain
White Matter Lesions: The Honolulu-Asia Aging Study,” Stroke; A Journal
of Cerebral Circulation 33, no. 1 (2002): 26-30.

212. F. Y. Jalal, Y. Yang, J. Thompson, A. C. Lopez, and G. A. Rosenberg,
“Myelin Loss Associated With Neuroinflammation in Hypertensive Rats,”
Stroke; A Journal of Cerebral Circulation 43, no. 4 (2012): 1115-1122.

213.Y. Inoue, F. Shue, G. Bu, and T. Kanekiyo, “Pathophysiology and
Probable Etiology of Cerebral Small Vessel Disease in Vascular Dementia
and Alzheimer’s Disease,” Molecular Neurodegeneration 18, no. 1 (2023):
46.

214. J. Groh and M. Simons, “White Matter Aging and Its Impact on Brain
Function,” Neuron 113, no. 1 (2025): 127-139.

215. K. S. King, R. M. Peshock, H. C. Rossetti, et al., “Effect of Normal
Aging Versus Hypertension, Abnormal Body Mass Index, and Diabetes
Mellitus on White Matter Hyperintensity Volume,” Stroke; A Journal of
Cerebral Circulation 45, no. 1 (2014): 255-257.

216. N. Miyamoto, L. D. Pham, K. Hayakawa, et al., “Age-Related Decline
in Oligodendrogenesis Retards White Matter Repair in Mice,” Stroke; A
Journal of Cerebral Circulation 44, no. 9 (2013): 2573-2578.

217. A. Joutel, K. Vahedi, C. Corpechot, et al., “Strong Clustering and
Stereotyped Nature of Notch3 Mutations in CADASIL Patients,” Lancet
350, no. 9090 (1997): 1511-1515.

218. L. Yuan, X. Chen, J. Jankovic, and H. Deng, “CADASIL: A NOTCH3-
Associated Cerebral Small Vessel Disease,” Journal of Advanced Research
66 (2024): 223-235.

219. M. Monet-Lepretre, I. Haddad, C. Baron-Menguy, et al., “Abnormal
Recruitment of Extracellular Matrix Proteins by Excess Notch3 ECD: A
New Pathomechanism in CADASIL,” Brain 136, no. pt 6 (2013): 1830-1845.

24 of 30

MedComm, 2026



220. N. Dupre, F. Gueniot, V. Domenga-Denier, et al., “Protein Aggregates
Containing Wild-Type and Mutant NOTCH3 Are Major Drivers of Arterial
Pathology in CADASIL,” Journal of Clinical Investigation 134, no. 8 (2024):
€175789.

221. M. J. Chen, Y. Zhang, W.J. Luo, et al., “Identified Novel Heterozygous
HTRALI Pathogenic Variants in Chinese Patients With HTRA1-Associated
Dominant Cerebral Small Vessel Disease,” Frontiers in Genetics 13 (2022):
909131.

222.7J. Khoshnoodi, V. Pedchenko, and B. G. Hudson, “Mammalian
Collagen IV,” Microscopy Research and Technique 71, no. 5(2008): 357-370.

223.D. S. Kuo, C. Labelle-Dumais, and D. B. Gould, “COL4Al1 and
COL4A2 Mutations and Disease: Insights Into Pathogenic Mechanisms
and Potential Therapeutic Targets,” Human Molecular Genetics 21, no. R1
(2012): R97-R110.

224. E. Verdura, D. Herve, F. Bergametti, et al., “Disruption of a miR-29
Binding Site Leading to COL4A1 Upregulation Causes Pontine Autoso-
mal Dominant Microangiopathy With Leukoencephalopathy,” Annals of
Neurology 80, no. 5 (2016): 741-753.

225. C. Bordes, M. Sargurupremraj, A. Mishra, and S. Debette, “Genetics
of Common Cerebral Small Vessel Disease,” Nature Reviews Neurology 18,
no. 2 (2022): 84-101.

226. K. Rannikmae, R. N. Kalaria, S. M. Greenberg, et al., “APOE Associa-
tions With Severe CAA-Associated Vasculopathic Changes: Collaborative
Meta-Analysis,” Journal of Neurology, Neurosurgery, and Psychiatry 85, no.
3 (2014): 300-305.

227. C. Tadecola, “The Pathobiology of Vascular Dementia,” Neuron 80,
no. 4 (2013): 844-866.

228. M. Gireud-Goss, A. F. Mack, L. D. McCullough, and A. Urayama,
“Cerebral Amyloid Angiopathy and Blood-Brain Barrier Dysfunction,”
Neuroscientist 27, no. 6 (2021): 668-684.

229. H. Zhang, Y. Yang, J. Zhang, et al., “Oligodendrocytes Play a Critical
Role in White Matter Damage of Vascular Dementia,” Neuroscience 538
(2024): 1-10.

230. E. G. Geier, E. C. Chen, A. Webb, et al., “Profiling Solute Carrier
Transporters in the Human Blood-Brain Barrier,” Clinical Pharmacology
& Therapeutics 94, no. 6 (2013): 636-639.

231. J. M. Wardlaw, C. Smith, and M. Dichgans, “Small Vessel Disease:
Mechanisms and Clinical Implications,” Lancet Neurology 18, no. 7 (2019):
684-696.

232. M. Liu, P. Xu, Z. Guan, et al., “Ulk4 Deficiency Leads to Hypomyeli-
nation in Mice,” Glia 66, no. 1 (2018): 175-190.

233. M. Toritsuka, M. Makinodan, and T. Kishimoto, “Social Experience-
Dependent Myelination: An Implication for Psychiatric Disorders,”
Neural Plasticity 2015 (2015): 465345.

234. Network, Pathway Analysis Subgroup of Psychiatric Genomics C,
“Psychiatric Genome-Wide Association Study Analyses Implicate Neu-
ronal, Immune and Histone Pathways,” Nature Neuroscience 18, no. 2
(2015): 199-209.

235. 0. A. Andreassen, G. F. L. Hindley, O. Frei, and O. B. Smeland,
“New Insights From the Last Decade of Research in Psychiatric Genetics:
Discoveries, Challenges and Clinical Implications,” World Psychiatry 22,
no. 1(2023): 4-24.

236. K. Nakata, B. K. Lipska, T. M. Hyde, et al., “DISC1 Splice Variants
Are Upregulated in Schizophrenia and Associated With Risk Polymor-
phisms,” PNAS U S A 106, no. 37 (2009): 15873-15878.

237.G. Yu, Y. Su, C. Guo, et al., “Pathological Oligodendrocyte Pre-
cursor Cells Revealed in Human Schizophrenic Brains and Trigger
Schizophrenia-Like Behaviors and Synaptic Defects in Genetic Animal
Model,” Molecular Psychiatry 27, no. 12 (2022): 5154-5166.

238. Schizophrenia Psychiatric Genome-Wide Association Study C,
“Genome-Wide Association Study Identifies Five New Schizophrenia
Loci,” Nature Genetics 43, no. 10 (2011): 969-976.

239. B. J. O’Roak, L. Vives, S. Girirajan, et al., “Sporadic Autism Exomes
Reveal a Highly Interconnected Protein Network of De Novo Mutations,”
Nature 485, no. 7397 (2012): 246-250.

240. B. M. Neale, Y. Kou, L. Liu, et al., “Patterns and Rates of Exonic
De Novo Mutations in Autism Spectrum Disorders,” Nature 485, no. 7397
(2012): 242-245.

241. R. Bernier, C. Golzio, B. Xiong, et al., “Disruptive CHD8 Mutations
Define a Subtype of Autism Early in Development,” Cell 158, no. 2 (2014):
263-276.

242. A. Kawamura, Y. Katayama, M. Nishiyama, et al., “Oligodendrocyte
Dysfunction Due to Chd8 Mutation Gives Rise to Behavioral Deficits in
Mice,” Human Molecular Genetics 29, no. 8 (2020): 1274-1291.

243.Y. Ma, H. F. Bauer, J. Bockmann, M. Schon, T. M. Boeckers, and
A. K. Lutz, “Shank3 Related Oligodendrocyte Alterations in Autism Are
Restored by Erk Pathway Inhibition,” Molecular Psychiatry 31 (2026):
1880-1897.

244.T. Q. Duan, M. H. Hagenauer, E. I. Flandreau, et al., “A
Meta-Analysis of the Effects of Early Life Stress on the Prefrontal
Cortex Transcriptome Reveals Long-Term Downregulation of Myelin-
Related Gene Expression,” Brain and Behavior 15, no. 6 (2025):
€70608.

245. L. M. Ellman, S. K. Murphy, S. D. Maxwell, et al., “Maternal Cortisol
During Pregnancy and Offspring Schizophrenia: Influence of Fetal Sex
and Timing of Exposure,” Schizophrenia Research 213 (2019): 15-22.

246. N. A. Vasistha and K. Khodosevich, “The Impact of (ab)Normal
Maternal Environment on Cortical Development,” Progress in Neurobi-
ology 202 (2021): 102054.

247. M. Y. George, S. S. Abdel Mageed, D. E. Mansour, and S. F. Fawzi,
“The Cortisol Axis and Psychiatric Disorders: An Updated Review,”
Pharmacological Reports 77, no. 6 (2025): 1573-1599.

248. N. Edgar and E. Sibille, “A Putative Functional Role for Oligoden-
drocytes in Mood Regulation,” Translational Psychiatry 2, no. 5 (2012):
€109.

249. S. Chetty, A. R. Friedman, K. Taravosh-Lahn, et al., “Stress and Glu-
cocorticoids Promote Oligodendrogenesis in the Adult Hippocampus,”
Molecular Psychiatry 19, no. 12 (2014): 1275-1283.

250. J.J. Miguel-Hidalgo, “Role of Stress-Related Glucocorticoid Changes
in Astrocyte-Oligodendrocyte Interactions That Regulate Myelin Produc-
tion and Maintenance,” Histology and Histopathology 38, no. 1 (2023):
1-8.

251. X. Chen, H. Liu, J. Gan, et al.,, “Quetiapine Modulates Histone
Methylation Status in Oligodendroglia and Rescues Adolescent Behav-
ioral Alterations of Socially Isolated Mice,” Frontiers in Psychiatry 10
(2020): 984.

252. A. Salcudean, C. R. Bodo, R. A. Popovici, et al., “Neuroinflam-
mation - A Crucial Factor in the Pathophysiology of Depression - A
Comprehensive Review,” Biomolecules 15, no. 4 (2025): 502.

253.S. Nohesara, H. Mostafavi Abdolmaleky, A. Pirani, and
S.  Thiagalingam, “Therapeutic ~Horizons: Gut Microbiome,
Neuroinflammation, and Epigenetics in Neuropsychiatric Disorders,”
Cells 14, no. 13 (2025): 1027.

254. P. Suss, A. Hoftfmann, T. Rothe, et al., “Chronic Peripheral Inflamma-
tion Causes a Region-Specific Myeloid Response in the Central Nervous
System,” Cell Reports 30, no. 12 (2020): 4082-4095.€6.

255. Y. Koyama, “Functional Alterations of Astrocytes in Mental Disor-
ders: Pharmacological Significance as a Drug Target,” Frontiersin Cellular
Neuroscience 9 (2015): 261.

256. V. V. Tarasov, A. A. Svistunov, V. N. Chubareyv, et al., “Alterations
of Astrocytes in the Context of Schizophrenic Dementia,” Frontiers in
Pharmacology 10 (2020): 1612.

257. G. Vakilzadeh, C. Falcone, B. Dufour, T. Hong, S. C. Noctor, and V.
Martinez-Cerdeno, “Decreased Number and Increased Activation State of

MedComm, 2026

25 of 30



Astrocytes in Gray and White Matter of the Prefrontal Cortex in Autism,”
Cerebral Cortex 32, no. 21 (2022): 4902-4912.

258. A. Haroon, H. Seerapu, L. P. Fang, J. H. Wess, and X. Bai, “Unlocking
the Potential: Immune Functions of Oligodendrocyte Precursor Cells,”
Frontiers in Immunology 15 (2024): 1425706.

259. L. Peferoen, M. Kipp, P. van der Valk, J. M. van Noort, and S. Amor,
“Oligodendrocyte-Microglia Cross-Talk in the Central Nervous System,”
Immunology 141, no. 3 (2014): 302-313.

260. L. Kirby, J. Jin, J. G. Cardona, et al., “Oligodendrocyte Precur-
sor Cells Present Antigen and Are Cytotoxic Targets in Inflammatory
Demyelination,” Nature Communications 10, no. 1 (2019): 3887.

261. S. Moyon, A. L. Dubessy, M. S. Aigrot, et al., “Demyelination Causes
Adult CNS Progenitors to Revert to an Immature state and Express
Immune Cues That Support Their Migration,” Journal of Neuroscience 35,
no. 1 (2015): 4-20.

262. L. P. Fang and X. Bai, “Oligodendrocyte Precursor Cells: The
Multitaskers in the Brain,” Pflugers Archiv: European Journal of Physiology
475, no. 9 (2023): 1035-1044.

263. C. Dostert, M. Grusdat, E. Letellier, and D. Brenner, “The TNF
Family of Ligands and Receptors: Communication Modules in the
Immune System and beyond,” Physiological Reviews 99, no. 1 (2019): 115~
160.

264. A. G. Kokkosis, M. M. Madeira, M. R. Mullahy, and S. E. Tsirka,
“Chronic Stress Disrupts the Homeostasis and Progeny Progression of
Oligodendroglial Lineage Cells, Associating Immune Oligodendrocytes
With Prefrontal Cortex Hypomyelination,” Molecular Psychiatry 27, no.
6 (2022): 2833-2848.

265. Q. Li, G. Wang, J. Zhao, W. Chen, and P. Tian, “Gut Microbiota
and Myelination: Crosstalk Across the Lifespan and Microbiota-Based
Modulation Strategies,” Microbiological Research 300 (2025): 128286.

266. A. Goralczyk-Binkowska, D. Szmajda-Krygier, and E. Kozlowska,
“The Microbiota-Gut-Brain Axis in Psychiatric Disorders,” International
Journal of Molecular Sciences 23, no. 19 (2022): 11245.

267. J. C. Park, L. Chang, H. K. Kwon, and S. H. Im, “Beyond the Gut:
Decoding the Gut-Immune-Brain Axis in Health and Disease,” Cellular
& Molecular Immunology 22, no. 11 (2025): 1287-1312.

268. B. Dalile, L. Van Oudenhove, B. Vervliet, and K. Verbeke, “The Role
of Short-Chain Fatty Acids in Microbiota-Gut-Brain Communication,”
Nature Reviews Gastroenterology & Hepatology 16, no. 8 (2019): 461-478.

269.S. M. Kolk and P. Rakic, “Development of Prefrontal Cortex,”
Neuropsychopharmacology 47, no. 1 (2022): 41-57.

270. E. Connell, G. Le Gall, M. G. Pontifex, et al., “Microbial-Derived
Metabolites as a Risk Factor of Age-Related Cognitive Decline and
Dementia,” Molecular Neurodegeneration 17, no. 1 (2022): 43.

271. Q. Xu, L. Sun, Q. Chen, et al., “Gut Microbiota Dysbiosis Con-
tributes to Depression-Like Behaviors via Hippocampal NLRP3-Mediated
Neuroinflammation in a Postpartum Depression Mouse Model,” Brain,
Behavior, and Immunity 119 (2024): 220-235.

272. A. Huntemer-Silveira, N. Patil, M. A. Brickner, and A. M. Parr,
“Strategies for Oligodendrocyte and Myelin Repair in Traumatic CNS
Injury,” Frontiers in Cellular Neuroscience 14 (2021): 619707.

273.R. G. Mira, M. Lira, and W. Cerpa, “Traumatic Brain Injury:
Mechanisms of Glial Response,” Frontiers in Physiology 12 (2021): 740939.

274.]. D. Guest, E. D. Hiester, and R. P. Bunge, “Demyelination and
Schwann Cell Responses Adjacent to Injury Epicenter Cavities Following
Chronic Human Spinal Cord Injury,” Experimental Neurology 192, no. 2
(2005): 384-393.

275.]. Spaas, L. van Veggel, M. Schepers, et al., “Oxidative Stress and
Impaired Oligodendrocyte Precursor Cell Differentiation in Neurolog-
ical Disorders,” Cellular and Molecular Life Sciences 78, no. 10 (2021):
4615-4637.

276. K. A. Dent, K. J. Christie, N. Bye, et al., “Oligodendrocyte Birth and
Death Following Traumatic Brain Injury in Adult Mice,” PLoS ONE 10,
no. 3 (2015): e0121541.

277. H.Y. Zhang, X. Zhang, Z. G. Wang, et al., “Exogenous Basic Fibroblast
Growth Factor Inhibits ER Stress-Induced Apoptosis and Improves
Recovery From Spinal Cord Injury,” CNS Neuroscience & Therapeutics 19,
no. 1(2013): 20-29.

278. C. Li, W. Xiong, B. Wan, et al., “Role of Peripheral Immune Cells in
Spinal Cord Injury,” Cellular and Molecular Life Sciences 80, no. 1 (2022):
2.

279. L. Xu, J. Wang, Y. Ding, L. Wang, and Y. J. Zhu, “Current Knowledge
of Microglia in Traumatic Spinal Cord Injury,” Frontiers in Neurology 12
(2022): 796704.

280. R. R. Cavalcanti, F. M. Almeida, A. M. B. Martinez, and C. M.
Freria, “Neuroinflammation: Targeting Microglia for Neuroprotection
and Repair After Spinal Cord Injury,” Frontiers in Immunology 16 (2025):
1670650.

281. M. I. Cunha, M. Su, L. Cantuti-Castelvetri, et al., “Pro-Inflammatory
Activation Following Demyelination Is Required for Myelin Clearance
and Oligodendrogenesis,” Journal of Experimental Medicine 217, no. 5
(2020): €20191390.

282. G. Murugaiyan, M. Fujiwara, and L. P. Garo, “Remyelination-
Promoting Inflammation: Novel Role for MyD88 Signaling in
Microglia/Macrophages,” Trends in Neuroscience 43, no. 7 (2020):
455-457.

283. E. V. Voss, J. Skuljec, V. Gudi, et al., “Characterisation of Microglia
During De- and Remyelination: Can They Create a Repair Promoting
Environment?,” Neurobiology of Disease 45, no. 1 (2012): 519-528.

284.J. K. Kaniuk, D. Kumar, J. Tennyson, et al., “Spinal Cord Injury
Remyelination: Pathways to Therapies,” International Journal of Molec-
ular Sciences 26, no. 15 (2025): 7249.

285. C. S. Moore, Q. L. Cui, N. M. Warsi, et al., “Direct and Indirect
Effects of Immune and central Nervous System-Resident Cells on Human
Oligodendrocyte Progenitor Cell Differentiation,” Journal of Immunology
194, no. 2 (2015): 761-772.

286. H. S. Domingues, C. C. Portugal, R. Socodato, and J. B. Relvas,
“Oligodendrocyte, Astrocyte, and Microglia Crosstalk in Myelin Develop-
ment, Damage, and Repair,” Frontiers in Cell and Developmental Biology
4(2016): 71.

287.J. M. Pasquini and J. D. Correale, “The Immunological Role of
Oligodendrocytes: Beyond Myelin Maintenance,” Discovery Immunology
4, no. 1(2025): kyaf005.

288. A. Almad, F. R. Sahinkaya, and D. M. McTigue, “Oligodendrocyte
Fate After Spinal Cord Injury,” Neurotherapeutics 8, no. 2 (2011): 262-273.

289. D. Marangon, E. Castro, V. Cerrato, E. Boda, and D. Lecca, “Oligo-
dendrocyte Progenitors in Glial Scar: A Bet on Remyelination,” Cells 13,
no. 12 (2024): 1024.

290. H. S. Domingues, C. C. Portugal, R. Socodato, and J. B. Relvas, “Cor-
rigendum: Oligodendrocyte, Astrocyte and Microglia Crosstalk in Myelin
Development, Damage, and Repair,” Frontiers in Cell and Developmental
Biology 4 (2016): 79.

291. M. Boccazzi, G. Macchiarulo, S. Lebon, et al., “G Protein-Coupled
Receptor 17 Is Regulated by WNT Pathway During Oligodendrocyte
Precursor Cell Differentiation,” Neurobiology of Disease 187 (2023): 106315.

292. I. Kalafatakis, F. Papagianni, K. Theodorakis, and D. Karagogeos,
“Nogo-A and LINGO-1: Two Important Targets for Remyelination and
Regeneration,” International Journal of Molecular Sciences 24, no. 5
(2023): 4479.

293. C. Wu, L. Yang, S. Feng, et al., “Therapeutic Non-Invasive Brain
Treatments in Alzheimer’s Disease: Recent Advances and Challenges,”
Inflammation and Regeneration 42, no. 1 (2022): 31.

26 of 30

MedComm, 2026



294. A. J. Green, J. M. Gelfand, B. A. Cree, et al., “Clemastine Fumarate
as a Remyelinating Therapy for Multiple Sclerosis (ReBUILD): A Ran-
domised, Controlled, Double-blind, Crossover Trial,” Lancet 390, no. 10111
(2017): 2481-2489.

295.Y.Y. Xie, T. T. Pan, D. E. Xu, et al., “Clemastine Ameliorates Myelin
Deficits via Preventing Senescence of Oligodendrocytes Precursor Cells in
Alzheimer’s Disease Model Mouse,” Frontiers in Cell and Developmental
Biology 9 (2021): 733945.

296. A. Myatich, A. Haque, C. Sole, and N. L. Banik, “Clemastine in
Remyelination and Protection of Neurons and Skeletal Muscle After
Spinal Cord Injury,” Neural Regeneration Research 18, no. 5 (2023):
940-946.

297. F. Wang, Y. J. Yang, N. Yang, et al., “Enhancing Oligodendrocyte
Myelination Rescues Synaptic Loss and Improves Functional Recovery
After Chronic Hypoxia,” Neuron 99, no. 4 (2018): 689-701.e5.

298. L. Chen, S. Y. Ren, R. X. Li, et al., “Chronic Exposure to Hypoxia
Inhibits Myelinogenesis and Causes Motor Coordination Deficits in Adult
Mice,” Neuroscience Bulletin 37, no. 10 (2021): 1397-1411.

299. K. E. Carlstrom, K. Zhu, E. Ewing, et al., “Gsta4 Controls Apopto-
sis of Differentiating Adult Oligodendrocytes During Homeostasis and
Remyelination via the Mitochondria-Associated Fas-Casp8-Bid-Axis,”
Nature Communications 11, no. 1 (2020): 4071.

300. J. Fessel, “Reversing Alzheimer’s Disease Dementia With Clemas-
tine, Fingolimod, or Rolipram, Plus Anti-Amyloid Therapy,” Alzheimer’s
& Dementia (New York) 8, no. 1 (2022): €12242.

301. S. M. de la Monte, “Conquering Insulin Network Dysfunctions in
Alzheimer’s Disease: Where Are We Today?,” Journal of Alzheimer’s
Disease 101, no. sl (2024): S317-S343.

302. E. A. B. Gilbert, J. Livingston, E. G. Flores, M. Khan, H. Kandavel,
and C. M. Morshead, “Metformin Treatment Reduces Inflammation,
Dysmyelination and Disease Severity in a Mouse Model of Multiple Scle-
rosis, Experimental Autoimmune Encephalomyelitis,” Brain Research
1822 (2024): 148648.

303. A. Smieszek, Z. Strek, K. Kornicka, J. Grzesiak, C. Weiss, and
K. Marycz, “Antioxidant and Anti-Senescence Effect of Metformin on
Mouse Olfactory Ensheathing Cells (mOECs) May Be Associated With
Increased Brain-Derived Neurotrophic Factor Levels - An Ex Vivo Study,”
International Journal of Molecular Sciences 18, no. 4 (2017): 872.

304. M. Narine, M. A. Azmi, M. Umali, A. Volz, and H. Colognato,
“The AMPK Activator Metformin Improves Recovery From Demyelina-
tion by Shifting Oligodendrocyte Bioenergetics and Accelerating OPC
Differentiation,” Frontiers in Cellular Neuroscience 17 (2023): 1254303.

305. W. Xie, B. Ding, J. Lou, X. Wang, X. Guo, and J. Zhu, “Metformin
Attenuates White Matter Injury in Neonatal Mice Through Activating
NRF2/HO-1/NF-xB Pathway,” International Immunopharmacology 141
(2024): 112961.

306. X. Cui, Y. E. Guo, J. H. Fang, et al., “Donepezil, a Drug for Alzheimer’s
Disease, Promotes Oligodendrocyte Generation and Remyelination,” Acta
Pharmacologica Sinica 40, no. 11 (2019): 1386-1393.

307. P. Papakyriakopoulou, G. Valsami, and K. K. Dev, “The Effect
of Donepezil Hydrochloride in the Twitcher Mouse Model of Krabbe
Disease,” Molecular Neurobiology 61, no. 11 (2024): 8688-8701.

308. T. Liu, Q. Zhang, H. Li, X. Cui, Z. Qi, and X. Yang, “An Injectable,
Self-Healing, Electroconductive Hydrogel Loaded With Neural Stem Cells
and Donepezil for Enhancing Local Therapy Effect of Spinal Cord Injury,”
Journal of Biological Engineering 17, no. 1 (2023): 48.

309. O. Imamura, M. Arai, M. Dateki, K. Oishi, and K. Takishima,
“Donepezil-Induced Oligodendrocyte Differentiation Is Mediated
Through Estrogen Receptors,” Journal of Neurochemistry 155, no. 5
(2020): 494-507.

310. X. Cheng, H. Wang, C. Liu, et al., “DI-3-n-Butylphthalide Promotes
Remyelination Process in Cerebral White Matter in Rats Subjected to
Ischemic Stroke,” Brain Research 1717 (2019): 167-175.

311. M. Li, N. Meng, X. Guo, et al., “DI-3-n-Butylphthalide Promotes
Remyelination and Suppresses Inflammation by Regulating AMPK/SIRT1
and STAT3/NF-xB Signaling in Chronic Cerebral Hypoperfusion,” Fron-
tiers in Aging Neuroscience 12 (2020): 137.

312. Y. Chang, Y. Yao, R. Ma, et al., “DI-3-n-Butylphthalide Reduces Cog-
nitive Deficits and Alleviates Neuropathology in P301S Tau Transgenic
Mice,” Frontiers in Neuroscience 15 (2021): 620176.

313. Y. Zhang, Y. P. Zhang, B. Pepinsky, et al., “Inhibition of LINGO-1
Promotes Functional Recovery After Experimental Spinal Cord Demyeli-
nation,” Experimental Neurology 266 (2015): 68-73.

314. D. F. Santos-Gil, G. Arboleda, and A. G. Sandoval-Hernandez,
“Retinoid X Receptor Activation Promotes Re-Myelination in a Very Old
Triple Transgenic Mouse Model of Alzheimer’s Disease,” Neuroscience
Letters 750 (2021): 135764.

315.J. K. Huang, A. A. Jarjour, B. Nait Oumesmar, et al., “Retinoid
X Receptor Gamma Signaling Accelerates CNS Remyelination,” Nature
Neuroscience 14, no. 1 (2011): 45-53.

316. M. B. Keough and V. W. Yong, “Remyelination Therapy for Multiple
Sclerosis,” Neurotherapeutics 10, no. 1 (2013): 44-54.

317. M. P. Serrano-Regal, L. Bayon-Cordero, J. C. Chara Ventura, et al.,
“GABA(B) Receptor Agonist Baclofen Promotes Central Nervous System
Remyelination,” Glia 70, no. 12 (2022): 2426-2440.

318. B. Zott, M. M. Simon, W. Hong, et al., “A Vicious Cycle of Beta
Amyloid-Dependent Neuronal Hyperactivation,” Science 365, no. 6453
(2019): 559-565.

319. M. Domercq, E. Etxebarria, A. Perez-Samartin, and C. Matute,
“Excitotoxic Oligodendrocyte Death and Axonal Damage Induced by
Glutamate Transporter Inhibition,” Glia 52, no. 1 (2005): 36-46.

320. K. Takahashi, Q. Kong, Y. Lin, et al., “Restored Glial Glutamate
Transporter EAAT2 Function as a Potential Therapeutic Approach for
Alzheimer’s Disease,” Journal of Experimental Medicine 212, no. 3 (2015):
319-332.

321. H. Yang, L. Jiang, Y. Zhang, et al, “Anti-LINGO-1 Antibody
Treatment Alleviates Cognitive Deficits and Promotes Maturation of
Oligodendrocytes in the Hippocampus of APP/PS1 Mice,” Journal of
Comparative Neurology 530, no. 10 (2022): 1606-1621.

322. N. Fu, Y. Wang, R. Zhu, et al., “Bicuculline and Bumetanide Atten-
uate Sevoflurane-Induced Impairment of Myelination and Cognition in
Young Mice,” ACS Chemical Neuroscience 14, no. 6 (2023): 1146-1155.

323.S. Li, “Benefits of Physical Exercise on Alzheimer’s Disease: An
Epigenetic View,” Ageing and Neurodegenerative Diseases 3, no. 2 (2023):
6.

324. T. H. Butt, M. Tobiume, D. B. Re, and S. Kariya, “Physical Exercise
Counteracts Aging-Associated White Matter Demyelination Causing
Cognitive Decline,” Aging Disease 15, no. 5 (2024): 2136-2148.

325.C. Fu, H. Tang, L. Liu, et al, “Constraint-Induced Movement
Therapy Promotes Myelin Remodeling and Motor Function by Mediating
Sox2/Fyn Signals in Rats with Hemiplegic Cerebral Palsy,” Physical
Therapy 104, no. 5 (2024): pzaeOl1l.

326. R. Cai, Y. Wang, Z. Huang, et al., “Role of RhoA/ROCK Signaling in
Alzheimer’s Disease,” Behavioural Brain Research 414 (2021): 113481.

327.F. Chao, L. Zhang, Y. Luo, et al., “Running Exercise Reduces
Myelinated Fiber Loss in the Dentate Gyrus of the Hippocampus in
APP/PS1 Transgenic Mice,” Current Alzheimer Research 12, no. 4 (2015):
377-383.

328. F. L. Chao, L. Zhang, Y. Zhang, et al., “Running Exercise Protects
Against Myelin Breakdown in the Absence of Neurogenesis in the
Hippocampus of AD Mice,” Brain Research 1684 (2018): 50-59.

329. Q. Pan, L. Jiang, Y. Xiong, et al., “Voluntary Running Exercise Pro-
motes Maturation Differentiation and Myelination of Oligodendrocytes
Around Ap Plaques in the Medial Prefrontal Cortex of APP/PSI Mice,”
Brain Research Bulletin 220 (2025): 111170.

MedComm, 2026

27 of 30



330. L. C. Graham, W. A. Grabowska, Y. Chun, et al., “Exercise Prevents
Obesity-Induced Cognitive Decline and White Matter Damage in Mice,”
Neurobiology of Aging 80 (2019): 154-172.

331. N. C. Berchtold, G. A. Prieto, M. Phelan, et al., “Hippocampal Gene
Expression Patterns Linked to Late-Life Physical Activity Oppose Age
and AD-Related Transcriptional Decline,” Neurobiology of Aging 78 (2019):
142-154.

332. R. C. Gutierre, P. R. Rocha, A. L. Graciani, A. A. Coppi, and
R. M. Arida, “Tau, Amyloid, Iron, Oligodendrocytes Ferroptosis, and
Inflammaging in the Hippocampal Formation of Aged Rats Submitted to
an Aerobic Exercise Program,” Brain Research 1850 (2025): 149419.

333. E. H. Choi, C. Nwakalor, N. J. Brown, J. Lee, M. Y. Oh, and I. H. Yang,
“Therapeutic Potential of Neuromodulation for Demyelinating Diseases,”
Neural Regeneration Research 16, no. 2 (2021): 214-217.

334. X. Zong, J. Gu, S. Zhou, et al., “Continuous Theta-Burst Stimula-
tion Enhances and Sustains Neurogenesis Following Ischemic Stroke,”
Theranostics 12, no. 13 (2022): 5710-5726.

335. L. Yang, Y. Su, F. Guo, et al.,, “Deep rTMS Mitigates Behavioral
and Neuropathologic Anomalies in Cuprizone-Exposed Mice through
Reducing Microglial Proinflammatory Cytokines,” Frontiers in Integrative
Neuroscience 14 (2020): 556839.

336. C. L. Cullen, M. Senesi, A. D. Tang, et al., “Low-Intensity Transcranial
Magnetic Stimulation Promotes the Survival and Maturation of Newborn
Oligodendrocytes in the Adult Mouse Brain,” Glia 67, no. 8 (2019): 1462-
1477.

337. B. M. Escribano, A. Mufioz-Jurado, E. Luque, et al., “Effect of
the Combination of Different Therapies on Oxidative Stress in the
Experimental Model of Multiple Sclerosis,” Neuroscience 529 (2023):
116-128.

338. I. Golovynska, S. Golovynskyi, Y. V. Stepanov, J. Qu, R. Zhang, and J.
Qu, “Near-Infrared Light Therapy Normalizes Amyloid Load, Neuronal
Lipid Membrane Order, Rafts and Cholesterol Level in Alzheimer’s
Disease,” Journal of Photochemistry and Photobiology B Biology 262 (2025):
113086.

339. Z. Zhang, Q. Shen, X. Wu, D. Zhang, and D. Xing, “Activation of
PKA/SIRTI Signaling Pathway by Photobiomodulation Therapy Reduces
AP Levels in Alzheimer’s Disease Models,” Aging Cell 19, no. 1 (2020):
€13054.

340. M. Wang, D. Dinarvand, C. T. Y. Chan, A. Bragin, and L. Li,
“Photobiomodulation as a Potential Treatment for Alzheimer’s Disease:
A Review Paper,” Brain Science 14, no. 11 (2024): 1064.

341. L. D. Morries, P. Cassano, and T. A. Henderson, “Treatments for
Traumatic Brain Injury With Emphasis on Transcranial Near-Infrared
Laser Phototherapy,” Neuropsychiatric Disease and Treatment 11 (2015):
2159-2175.

342. L. Tao, Q. Liu, F. Zhang, et al., “Microglia Modulation With 1070-nm
Light Attenuates A Burden and Cognitive Impairment in Alzheimer’s
Disease Mouse Model,” Light: Science & Applications 10, no. 1 (2021): 179.

343. C. Chen, Y. Bao, L. Xing, et al.,, “Exosomes Derived From M2
Microglial Cells Modulated by 1070-nm Light Improve Cognition in an
Alzheimer’s Disease Mouse Model,” Advanced Science (Weinheim) 10, no.
32 (2023): €2304025.

344. M. Wang, C. Yan, X. Li, et al., “Non-Invasive Modulation of
Meningeal Lymphatics Ameliorates Ageing and Alzheimer’s Disease-
Associated Pathology and Cognition in Mice,” Nature Communications
15, no. 1(2024): 1453.

345. Q. Chen, J. Wu, X. Dong, et al., “Gut Flora-Targeted Photobiomodu-
lation Therapy Improves Senile Dementia in an Af-Induced Alzheimer’s
Disease Animal Model,” Journal of Photochemistry and Photobiology B
Biology 216 (2021): 112152.

346. X. Wu, Q. Shen, Z. Zhang, D. Zhang, Y. Gu, and D. Xing, “Photoactiva-
tion of TGFB/SMAD Signaling Pathway Ameliorates Adult Hippocampal

Neurogenesis in Alzheimer’s Disease Model,” Stem Cell Research &
Therapy 12, no. 1 (2021): 345.

347. M. Sipion, F. M. Ferreira, J. Scholler, et al., “A Randomized, Blinded
Study of Photobiomodulation in a Mouse Model of Alzheimer’s Disease
Showed no Preventive Effect,” Scientific Reports 13, no. 1 (2023): 19828.

348. M. Su, D. Nizamutdinov, H. Liu, and J. H. Huang, “Recent Mecha-
nisms of Neurodegeneration and Photobiomodulation in the Context of
Alzheimer’s Disease,” International Journal of Molecular Sciences 24, no.
11 (2023): 9272.

349.J. W. Calvert, J. Cahill, and J. H. Zhang, “Hyperbaric Oxygen and
Cerebral Physiology,” Neurological Research 29, no. 2 (2007): 132-141.

350. M. W. Jones, K. Brett, N. Han, J. S. Cooper, and H. A. Wyatt,
Hyperbaric Physics, in StatPearls Publishing LLC., (2024) Bookshelf ID:
NBK448104.

351. K. Elman-Shina and S. Efrati, “Ischemia as a Common Trigger for
Alzheimer’s Disease,” Frontiers in Aging Neuroscience 14 (2022): 1012779.

352. B. Tao, W. Gong, C. Xu, Z. Ma, J. Mei, and M. Chen, “The
Relationship Between Hypoxia and Alzheimer’s Disease: An Updated
Review,” Frontiers in Aging Neuroscience 16 (2024): 1402774.

353.J. Chen, F. Zhang, L. Zhao, et al., “Hyperbaric Oxygen Ameliorates
Cognitive Impairment in Patients With Alzheimer’s Disease and Amnes-
tic Mild Cognitive Impairment,” Alzheimer’s & Dementia (New York) 6, no.
1(2020): €12030.

354. R. Straus Farber, A. Harel, and F. Lublin, “Novel Agents for Relapsing
Forms of Multiple Sclerosis,” Annual Review of Medicine 67 (2016): 309-
321.

355. A. Minagar, “Current and Future Therapies for Multiple Sclerosis,”
Scientifica (Cairo) 2013 (2013): 249101.

356. M. Mirabella, P. Annovazzi, W. Brownlee, J. A. Cohen, C.
Kleinschnitz, and C. Wolf, “Treatment Challenges in Multiple Sclerosis—
A Continued Role for Glatiramer Acetate?,” Frontiers in Neurology 13
(2022): 844873.

357. H. P. Hartung, R. Gonsette, N. Konig, et al., “Mitoxantrone in
Progressive Multiple Sclerosis: A Placebo-Controlled, Double-Blind,
Randomised, Multicentre Trial,” Lancet 360, no. 9350 (2002): 2018-2025.

358. D. S. Goodin, B. G. Arnason, P. K. Coyle, et al., “The Use of Mitox-
antrone (Novantrone) for the Treatment of Multiple Sclerosis [RETIRED]:
Report of the Therapeutics and Technology Assessment Subcommittee
of the American Academy of Neurology,” Neurology 61, no. 10 (2003):
1332-1338.

359. A. Lugaresi, C. Caporale, D. Farina, et al., “Low-Dose Oral Methotrex-
ate Treatment in Chronic Progressive Multiple Sclerosis,” Neurological
Sciences 22, no. 2 (2001): 209-210.

360. R. J. Schwartzman, N. Simpkins, G. M. Alexander, et al., “High-
Dose Cyclophosphamide in the Treatment of Multiple Sclerosis,” CNS
Neuroscience & Therapeutics 15, no. 2 (2009): 118-127.

361. C. G. Chisari, E. Sgarlata, S. Arena, S. Toscano, M. Luca, and F. Patti,
“Rituximab for the Treatment of Multiple Sclerosis: A Review,” Journal
of Neurology 269, no. 1 (2022): 159-183.

362. X. Montalban, S. L. Hauser, L. Kappos, et al., “Ocrelizumab Versus
Placebo in Primary Progressive Multiple Sclerosis,” New England Journal
of Medicine 376, no. 3 (2017): 209-220.

363. J. Kramer, A. Bar-Or, T. J. Turner, and H. Wiendl, “Bruton Tyrosine
Kinase Inhibitors for Multiple Sclerosis,” Nature Reviews Neurology 19, no.
5(2023): 289-304.

364. X. Montalban, P. Vermersch, D. L. Arnold, et al., “Safety and Efficacy
of Evobrutinib in Relapsing Multiple Sclerosis (EvolutionRMS1 and
EvolutionRMS2): Two Multicentre, Randomised, Double-Blind, Active-
Controlled, Phase 3 Trials,” Lancet Neurology 23, no. 11 (2024): 1119-1132.

365. D. S. Reich, D. L. Arnold, P. Vermersch, et al., “Safety and Efficacy of
Tolebrutinib, an Oral Brain-Penetrant BTK Inhibitor, in Relapsing Multi-

28 of 30

MedComm, 2026



ple Sclerosis: A Phase 2b, Randomised, Double-Blind, Placebo-Controlled
Trial,” Lancet Neurology 20, no. 9 (2021): 729-738.

366. A. Bar-Or, M. Dufek, H. Budincevic, et al., “Safety and Efficacy of
Fenebrutinib in Relapsing Multiple Sclerosis (FENopta): A Multicentre,
Double-Blind, Randomised, Placebo-Controlled, Phase 2 Trial and Open-
Label Extension Study,” Lancet Neurology 24, no. 8 (2025): 656—666.

367. S. Mi, R. B. Pepinsky, and D. Cadavid, “Blocking LINGO-1 as a
Therapy to Promote CNS Repair: From Concept to the Clinic,” CNS Drugs
27, no. 7 (2013): 493-503.

368. J. Q. Tran, J. Rana, F. Barkhof, et al., “Randomized Phase I Trials of
the Safety/Tolerability of Anti-LINGO-1 Monoclonal Antibody BIIB033,”
Neurology® Neuroimmunology and Neuroinflammation 1, no. 2 (2014):
el8.

369. M. Lewash, E. Kostenis, and C. E. Muller, “GPR17 - Orphan
G Protein-Coupled Receptor With Therapeutic Potential,” Trends in
Pharmacological Sciences 46, no. 7 (2025): 610-628.

370. E. P. Dennis, R. N. Watson, F. McPate, and M. D. Briggs, “Curcumin
Reduces Pathological Endoplasmic Reticulum Stress Through Increasing
Proteolysis of Mutant Matrilin-3,” International Journal of Molecular
Sciences 24, no. 2 (2023): 1496.

371. M. Khajavi, K. Inoue, W. Wiszniewski, T. Ohyama, G. J. Snipes,
and J. R. Lupski, “Curcumin Treatment Abrogates Endoplasmic Retic-
ulum Retention and Aggregation-Induced Apoptosis Associated With
Neuropathy-Causing Myelin Protein Zero-Truncating Mutants,” Ameri-
can Journal of Human Genetics 77, no. 5 (2005): 841-850.

372. M. E. Egan, M. Pearson, S. A. Weiner, et al., “Curcumin, a Major
Constituent of Turmeric, Corrects Cystic Fibrosis Defects,” Science 304,
no. 5670 (2004): 600-602.

373. D. B. Epplen, T. Prukop, T. Nientiedt, et al., “Curcumin Therapy in a
Plpl Transgenic Mouse Model of Pelizaeus-Merzbacher Disease,” Annals
of Clinical and Translational Neurology 2, no. 8 (2015): 787-796.

374. H. W. Moser, “Treatment of X-Linked Adrenoleukodystrophy With
Lorenzo’s Oil,” Journal of Neurology, Neurosurgery, and Psychiatry 67, no.
3(1999): 279-280.

375. H. W. Moser, A. B. Moser, K. Hollandsworth, N. H. Brereton, and G. V.
Raymond, “Lorenzo’s Oil” Therapy for X-Linked Adrenoleukodystrophy:
Rationale and Current Assessment of Efficacy,” Journal of Molecular
Neuroscience 33, no. 1 (2007): 105-113.

376.Y. Wang, D. Liu, H. Gao, W. Liu, and Y. Mao, “Cerebral
Adrenoleukodystrophy: Characteristics of 10 Cases Including 6
Patients Without Neurologic Symptoms,” Journal of Pediatric
Hematology/Oncology 47, no. 6 (2025): 284-290.

377. C. Sevin and F. Mochel, “Hematopoietic Stem Cell Transplantation in
Leukodystrophies,” Handbook of Clinical Neurology 204 (2024): 355-366.

378. E. Shapiro, W. Krivit, L. Lockman, et al., “Long-Term Effect of
Bone-Marrow Transplantation for Childhood-Onset Cerebral X-Linked
Adrenoleukodystrophy,” Lancet 356, no. 9231 (2000): 713-718.

379. W. P. Miller, S. M. Rothman, D. Nascene, et al., “Outcomes After
Allogeneic Hematopoietic Cell Transplantation for Childhood Cerebral
Adrenoleukodystrophy: The Largest Single-Institution Cohort Report,”
Blood 118, no. 7 (2011): 1971-1978.

380. A. Lauer, S. L. Speroni, M. Choi, et al., “Hematopoietic Stem-Cell
Gene Therapy Is Associated With Restored White Matter Microvascular
Function in Cerebral Adrenoleukodystrophy,” Nature Communications
14, no. 1 (2023): 1900.

381. Y. Chen, L. P. Xu, X. H. Zhang, et al., “Haploidentical Hematopoietic
Stem Cell Transplantation With Busulfan, Cyclophosphamide, and Flu-
darabine Conditioning for X-Linked Adrenal Cerebral Leukodystrophy,”
Pediatric Transplantation 28, no. 3 (2024): el4735.

382. V. Vasireddy, C. A. Maguire, D. W. Anderson, et al., “An In Vitro and
In Vivo Efficacy Evaluation of Gene Therapy Candidate SBT101 in Mouse
Models of Adrenomyeloneuropathy and in NHPs,” Molecular Therapy
Methods & Clinical Development 32, no. 4 (2024): 101354.

383.S. A. Hong, J. H. Seo, S. Wi, et al, “In Vivo Gene Editing via
Homology-Independent Targeted Integration for Adrenoleukodystrophy
Treatment,” Molecular Therapy 30, no. 1 (2022): 119-129.

384. R. Gopalappa, M. Lee, G. Kim, et al., “In Vivo Adenine Base
Editing Rescues Adrenoleukodystrophy in a Humanized Mouse Model,”
Molecular Therapy 32, no. 7 (2024): 2190-2206.

385. H. Li, H. Okada, S. Suzuki, et al., “Gene Suppressing Therapy for
Pelizaeus-Merzbacher Disease Using Artificial microRNA,” JCI Insight 4,
no. 10 (2019): €125052.

386. SPRINT MIND Investigators for the SPRINT Research Group, J. D.
Williamson, N. M. Pajewski, et al., “Effect of Intensive Vs Standard Blood
Pressure Control on Probable Dementia: A Randomized Clinical Trial,”
JAMA 321, no. 6 (2019): 553-561.

387. L. Xiao, H. Xu, Y. Zhang, et al., “Quetiapine Facilitates Oligoden-
drocyte Development and Prevents Mice From Myelin Breakdown and
Behavioral Changes,” Molecular Psychiatry 13, no. 7 (2008): 697-708.

388. C. Yin, K. Luo, X. Zhu, et al., “Fluoxetine Rescues Excessive Myelin
Formation and Psychological Behaviors in a Murine PTSD Model,”
Neuroscience Bulletin 40, no. 8 (2024): 1037-1052.

389. S. Ghosouri, M. Soleimani, M. Bakhtiari, and N. Ghasemi, “Evalu-
ation of In Vivo Lithium Chloride Effects as a GSK3-Beta Inhibitor on
Human Adipose Derived Stem Cells Differentiation Into Oligodendro-
cytes and Re-Myelination in an Animal Model of Multiple Sclerosis,”
Molecular Biology Reports 50, no. 2 (2023): 1617-1625.

390.J. Liu, J. L. Dupree, M. Gacias, et al.,, “Clemastine Enhances
Myelination in the Prefrontal Cortex and Rescues Behavioral Changes in
Socially Isolated Mice,” Journal of Neuroscience 36, no. 3 (2016): 957-962.

391. I. Smaga, M. Frankowska, and M. Filip, “N-Acetylcysteine as a New
Prominent Approach for Treating Psychiatric Disorders,” British Journal
of Pharmacology 178, no. 13 (2021): 2569-2594.

392. E. Merkouris, T. Mavroudi, D. Miliotas, et al., “Probiotics’ Effects in
the Treatment of Anxiety and Depression: A Comprehensive Review of
2014-2023 Clinical Trials,” Microorganisms 12, no. 2 (2024): 411.

393. J. E. Green, A. J. McGuinness, M. Berk, et al., “Safety and Feasibility
of Faecal Microbiota Transplant for Major Depressive Disorder: Study
Protocol for a Pilot Randomised Controlled Trial,” Pilot Feasibility Study
9, no. 1(2023): 5.

394. Z. Huang, Y. Zhang, X. Ma, et al., “Photobiomodulation Attenuates
Oligodendrocyte Dysfunction and Prevents Adverse Neurological Conse-
quences in a Rat Model of Early Life Adversity,” Theranostics 13, no. 3
(2023): 913-930.

395. D. Bernardes, O. C. Oliveira-Lima, T. V. Silva, et al., “Differential
Brain and Spinal Cord Cytokine and BDNF Levels in Experimental
Autoimmune Encephalomyelitis Are Modulated by Prior and Regular
Exercise,” Journal of Neuroimmunology 264, no. 1-2 (2013): 24-34.

396. H. Cheng, L. M. Deaton, M. Qiu, et al., “Tau Overexpression
Exacerbates Neuropathology After Repeated Mild Head Impacts in Male
Mice,” Neurobiology of Disease 134 (2020): 104683.

397. C. E. Pedraza, C. Taylor, A. Pereira, et al., “Induction of Oligo-
dendrocyte Differentiation and In Vitro Myelination by Inhibition of
Rho-Associated Kinase,” American Society for Neurochemistry Neuro 6,
no. 4 (2014): 1759091414538134.

398. X. Liu, D. E. Xin, X. Zhong, et al., “Small-Molecule-Induced Epi-
genetic Rejuvenation Promotes SREBP Condensation and Overcomes
Barriers to CNS Myelin Regeneration,” Cell 187, no. 10 (2024): 2465-
2484.e22.

399. B. E. Powers, S. T. Ton, R. G. Farrer, et al., “Anti-Nogo-A Anti-
body Therapy Improves Functional Outcome Following Traumatic Brain
Injury,” Neurorehabilitation and Neural Repair 37, no. 10 (2023): 682-693.

400.J. S. Lee, Y. H. Hsu, Y. S. Chiu, I. M. Jou, and M. S. Chang,
“Anti-IL-20 Antibody Improved Motor Function and Reduced Glial Scar
Formation After Traumatic Spinal Cord Injury in Rats,” Journal of
Neuroinflammation 17, no. 1 (2020): 156.

MedComm, 2026

29 of 30



401. Y. Zorina, J. Stricker, A. O. Caggiano, and D. C. Button, “Human IgM
Antibody rHIgM22 Promotes Phagocytic Clearance of Myelin Debris by
Microglia,” Scientific Reports 8, no. 1 (2018): 9392.

402. B. Wu, L. Sun, P. Li, M. Tian, Y. Luo, and X. Ren, “Transplantation
of Oligodendrocyte Precursor Cells Improves Myelination and Promotes
Functional Recovery After Spinal Cord Injury,” Injury 43, no. 6 (2012):
794-801.

403. C. M. Zipser, J. J. Cragg, J. D. Guest, et al., “Cell-Based and Stem-Cell-
Based Treatments for Spinal Cord Injury: Evidence From Clinical Trials,”
Lancet Neurology 21, no. 7 (2022): 659-670.

404. K. D. Anderson, J. D. Guest, W. D. Dietrich, et al.,, “Safety of
Autologous Human Schwann Cell Transplantation in Subacute Thoracic
Spinal Cord Injury,” Journal of Neurotrauma 34, no. 21 (2017): 2950-2963.

405. P. V. Monje, L. Deng, and X. M. Xu, “Human Schwann Cell
Transplantation for Spinal Cord Injury: Prospects and Challenges in
Translational Medicine,” Frontiers in Cellular Neuroscience 15 (2021):
690894.

406. Y. Jiang, J. Guo, X. Tang, X. Wang, D. Hao, and H. Yang, “The
Immunological Roles of Olfactory Ensheathing Cells in the Treatment of
Spinal Cord Injury,” Frontiers in Immunology 13 (2022): 881162.

407. K. Yamazaki, M. Kawabori, T. Seki, and K. Houkin, “Clinical Trials
of Stem Cell Treatment for Spinal Cord Injury,” International Journal of
Molecular Sciences 21, no. 11 (2020): 3994.

408. W. Wang, K. Li, W. Ma, et al., “Ultrasound-Activated Piezoelectric
Nanostickers for Neural Stem Cell Therapy of Traumatic Brain Injury,”
Nature Materials 24, no. 7 (2025): 1137-1150.

409. Q. Zhao, Y. Zhu, Y. Ren, et al., “Neurogenesis Potential of Oligo-
dendrocyte Precursor Cells From Oligospheres and Injured Spinal Cord,”
Frontiers in Cellular Neuroscience 16 (2022): 1049562.

410. W. Huang, A. Bhaduri, D. Velmeshev, et al., “Origins and Proliferative
States of Human Oligodendrocyte Precursor Cells,” Cell 182, no. 3 (2020):
594-608.el11.

411. D. B. Zamler and J. Hu, “Primitive Oligodendrocyte Precursor Cells
Are Highly Susceptible to Gliomagenic Transformation,” Cancer Research
83, no. 6 (2023): 807-808.

412. N. Li and G. K. Leung, “Oligodendrocyte Precursor Cells in Spinal
Cord Injury: A Review and Update,” BioMed Research International 2015
(2015): 235195.

413. D. Nasi, P. Ruscelli, M. Gladi, F. Mancini, M. Iacoangeli, and M.
Dobran, “Ultra-Early Surgery in Complete Cervical Spinal Cord Injury
Improves Neurological Recovery: A Single-Center Retrospective Study,”
Surgical Neurology International 10 (2019): 207.

414. Y. Wang, H. Q. Lv, X. Chao, et al., “Multimodal Therapy Strategies
Based on Hydrogels for the Repair of Spinal Cord Injury,” Military Medical
Research 9, no. 1 (2022): 16.

415. G. Maugeri, V. D’Agata, and G. Musumeci, “Role of Exercise in
the Brain: Focus on Oligodendrocytes and Remyelination,” Neural
Regeneration Research 18, no. 12 (2023): 2645-2646.

416. M. J. Uparela-Reyes, L. M. Villegas-Trujillo, J. Cespedes, M.
Velasquez-Vera, and A. M. Rubiano, “Usefulness of Artificial Intelligence
in Traumatic Brain Injury: A Bibliometric Analysis and Mini-Review,”
World Neurosurgery 188 (2024): 83-92.

30 of 30

MedComm, 2026



	Myelin Impairment and Regeneration in the Central Nervous System: Molecular Mechanisms, Diseases, and Prospective Therapeutic Targets
	1 | Introduction
	2 | Structure and Function of Myelin in Central Nervous System
	2.1 | Structure and Components of Myelin
	2.2 | Function of Myelin in Neural Oscillation and Cognition
	2.3 | Biomarkers of Myelin in Central Nervous System

	3 | Pathological Mechanisms of Myelin Impairment in Central Nervous System Myelin-Related Diseases
	3.1 | Pathological Mechanisms of Myelin Impairment in Alzheimer’s Disease
	3.1.1 | Genetic Factors
	3.1.2 | Ischemia and Hypoxia
	3.1.3 | Immune Response and Inflammation
	3.1.4 | Gut Microbiota
	3.1.5 | Metabolism Dysfunction
	3.1.6 | Metal Ions Metabolism
	3.1.7 | Cell Microenvironment

	3.2 | Pathological Mechanisms of Myelin Impairment in Other Central Nervous System Demyelinating Diseases
	3.2.1 | Multiple Sclerosis
	3.2.2 | Leukodystrophies
	3.2.3 | Vascular Dementia/Cerebral Small Vessel Disease
	3.2.4 | Psychiatric Disorders
	3.2.5 | Traumatic Brain Injury


	4 | Treatment Strategies for Myelin Impairment
	4.1 | Treatment Strategies for Myelin Impairment in Alzheimer’s Disease
	4.1.1 | Clemastine
	4.1.2 | Metformin
	4.1.3 | Donepezil
	4.1.4 | Drugs on Nogo-A and LINGO-1 Signal Pathway
	4.1.5 | Drugs on Nuclear Receptor Retinoid X Receptor Signaling Pathway
	4.1.6 | Drugs on GABAergic and Glutamine Signaling Pathway
	4.1.7 | Physical Activity
	4.1.8 | Transcranial Magnetic Stimulation
	4.1.9 | Photobiomodulation Therapy
	4.1.10 | Hyperbaric Oxygen Therapy

	4.2 | Therapeutic Strategies Targeting Myelin Injury in Other Central Nervous System Myelin-Related Diseases
	4.2.1 | Multiple Sclerosis
	4.2.2 | Leukodystrophies
	4.2.3 | Vascular Dementia/Cerebral Small Vessel Disease
	4.2.4 | Psychiatric Disorders
	4.2.5 | Traumatic Brain Injury


	5 | Conclusions and Future Perspectives
	Author Contributions
	Acknowledgments
	Funding
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


