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Abstract

Alzheimer’s Disease (AD) is pathologically characterized by the accumulation of soluble oligomers causing extracellular beta-
amyloid deposits in form of neuritic plaques and tau-containing intraneuronal neurofibrillary tangles in brain. One proposed
mechanism explaining the formation of these proteins is impaired phagocytosis by microglia/macrophages resulting in defective
clearance of soluble oligomers of beta-amyloid stimulating aggregation of amyloid plaques subsequently causing AD. However,
research indicates that activating macrophages in M2 state may reduce toxic oligomers. NEU| mutation is associated with a rare
disease, sialidosis. NEU| deficiency may also cause AD-like amyloidogenic process. Amyloid plaques have successfully been
reduced using NEUI.Thus, NEU | is suggested to have therapeutic potential for AD, with lysosomal exocytosis being suggested as
underlying mechanism. Studies however demonstrate that NEU | may activate macrophages in M2 state, which as noted earlier, is
crucial to reducing toxic oligomers. In this review, authors discuss the potential therapeutic role of NEU| in AD via immune

system.
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Introduction

Among neurodegenerative disorders, Alzheimer’s disease
(AD) is considered to be the leading cause of dementia/cogni-
tive decline.! In 2017, approximately 2.1 million Alzheimer’s
patients over the age of 85 years were reported.” The hallmark
neuropathological features of AD include extracellular amyloid
deposition of the AP peptide processed from the amyloid pre-
cursor protein (APP) and intraneuronal neurofibrillary tangles
(NFT).>® Even though more than 95% cases of the AD are
sporadic, genetic factors such as APP, PSEN1/2, and APOE
have also been associated with AD. Moreover, individuals with
Down syndrome may develop dementia with AD-type neuro-
pathological changes with younger age of onset than in patients
without Down syndrome.” Various pathological mechanisms
have been associated with the etiology of AD.®
Neuroinflammation has been widely discussed as a causa-
tive mechanism’ with microglia considered to be key players
associated with AD but whether they possess a beneficial or
deleterious role in its etiology has been a subject of discussion.’
Multiple studies have tried to address the effects of microglia,
considering them the perpetrators of inflammatory damage in

neurodegenerative diseases and also playing a key role in the
formation of amyloid deposits.'® There are also studies that
seem to suggest that despite enormous amounts of microglia
becoming activated in the brain of AD patients, they fail to
produce a phagocytic response to AB plaques.'! Hence integ-
rity of microglia/macrophages and phagocytic function seems
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to be a factor in the burden of amyloid clearance and thus may
have a critical role in the pathogenesis of the disease. In fact,
various therapeutic interventions that have been designed to
enhance the phagocytotic role of microglia with the goal of
reducing amyloid burden.'’ A well-regarded notion is the
imbalance between production of amyloid neurotoxins and
inadequate removal consequently leads to increased amyloid
burden. Here it is worth mentioning that in addition to extra-
cellular amyloid plaques and intraneuronal neurofibrillary tan-
gles,”* presence of soluble assemblies of Ap oligomers in AD
brain has been reported.'? These soluble neurotoxins (known as
ADDLs{AB-derived diffuse ligands} and protofibrils) seem to
likely precede the formation of insoluble fibrillar amyloid
deposits and intraneuronal neurofibrillary tangles, thus leading
to AD progression and cause behavioral symptoms'? as well as
early symptoms of cognitive impairment.'* Thus, there are
2 main school of thoughts explaining AD pathogenesis, of
which one supports “amyloid cascade theory” essentially stat-
ing that amyloid deposits accumulating in AD (AB) possibly
are the cause of cognitive decline.” However, results of recent
studies support the ADDL hypothesis which suggests that a
major factor in Alzheimer’s dementia is the neurological
impact of soluble, globular oligomers of Ap 1-42 (“ADDLs”)
by causing specific aberrations in synaptic signaling.'* In fact,
these soluble oligomers have been considered a therapeutic
target for AD as well.'>'* Importantly, recent studies have
established a new role monocytes and macrophages in restrict-
ing not only cerebral AP fibrils, but possibly soluble oligomers
as well."?

Interestingly NEU1, mammalian neuraminidase 1 which has
been associated with Sialidosis,'® has also been demonstrated to
improve phagocytosis via receptor Fc gamma RI/CD64."”
Our hypothesis therefore proposes NEU1 to be potentially ther-
apeutic by enhancing phagocytosis in AD which may aid in
reducing amyloid burden by decreasing the trafficking of soluble
of AB. We also discuss the possible underlying mechanisms.

Background

Soluble AB Leads to Cognitive Decline and Pathological
Progression in AD

Alzheimer’s disease (AD) being the most common cause of
dementia, is neuropathologically characterized by amyloid beta
AP accumulation in the form of diffuse and neuritic plaques,
progressive deposition of tau positive intraneuronal neurofi-
brillary tangles, synaptic loss, and neurodegeneration.’
The major component of neuritic plaques, B_amyloid peptide
(AP) is a product of proteolytic cleavage of the amyloid pre-
cursor protein (APP)'® Thus, the abnormal processing of amy-
loid precursor protein (APP) leads to the formation of soluble
AB."? The presence of elevated levels of these soluble AP
oligomers have been attributed to cognitive impairment.'”
It has been said that soluble AP are present at an early stage
and would precede malfunctions in memory-specific signal
transduction, causing behavioral and cognitive decline,

eventually causing aggregates of insoluble plaque and neurofi-
brillary tangles.'>'*'” The accumulation of insoluble AP, in
turn induces inflammatory mediators (e.g. cytokines) and free-
radical production subsequently causing the death of neurons,
resulting worsening of dementia/cognitive decline.”>*' Some
studies have identified intracellular oligomeric A as the most
neurotoxic form of AP and can be transferred by interconnected
cells, which may also create a proinflammatory environment,
potentially contributing pathological progression in AD.*

Current available data strongly suggest that neuroinflamma-
tion of the CNS plays a crucial role in the development of
several neurodegenerative diseases, including Alzheimer’s dis-
ease.”® This neuroinflammation is a coordinated response
between microglia and other cells of the CNS such as astro-
cytes, as well as peripheral immune cells infiltrating the CNS.
Certain stimuli, including toxins, infections, trauma, or ische-
mia, may elicit a rapid activation of the immune system,
referred to as acute neuroinflammation, characterized by
microgliosis and the release of inflammatory mediators. When
not regulated, this could lead to chronic neuroinflammation and
subsequently neurodegeneration.”® Inflammatory components
that are thought to play a critical role in AD-associated neu-
roinflammation include microglia, astrocytes, the complement
system, as well as cytokines and chemokines.**

Under physiological conditions within the central nervous
system (CNS), different types of macrophages including
microglia, meningeal macrophages, perivascular (blood-brain
barrier) and choroid plexus (blood-cerebrospinal fluid barrier)
macrophages reside, provide immune surveillance of the brain
and function to maintain homeostasis with a direct involvement
in the development and resolution of neuroinflammatory pro-

cesses. 2426

Neurotoxic Vs Protective Role of Microglia in AD
Pathology

In contrast to their neuroprotective role in normal brain, the
potential neurotoxic role of microglia particularly in AD has
been discussed. Loss of blood-brain barrier (BBB) homeostasis
occuring in the initial stage of AD causes production of proin-
flammatory cytokines and suppressors of cerebral blood flow
by endothelial cells, which aggravates synapse destruction,
accumulation and activation of microglia. These microglia in
turn produce a variety of pro-inflammatory mediators as well
as neurotoxins, potentially contributing to AD neuropathologi-
cal changes.*”*

Another observation reported in the literature is that in situ,
microglia tend to cluster at sites of AB plaques.*** This clus-
tering is thought to be a result of chemotactic signaling by AP
itself as well as by numerous inflammatory mediators such as
complement activation fragments, cytokines, and chemokines
that are associated with Ap in senile plaques.”>~® The aggrega-
tion of activated microglia around AB plaques led researchers
to study the phagocytic mechanism of microglia in the AD
brain.*”*® It was reported that initially microglia are attracted
to amyloid-f deposits, which they internalize and degrade,
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aiding clearance of amyloid-p from the brain.*** Furthermore,
various studies demonstrated microglial activation leading to
amyloid reductions with both active and passive immunother-
apy.*' Thus, microglia may have a potentially beneficial role in
the neurodegenerative disease process.*'** Nonetheless, as the
disease progresses, microglia may lose this beneficial effect as
they acquire a different phenotype due to chronic activation
and continued production of pro-inflammatory mediators.***

Impaired Phagocytosis in AD

Two main types of microglial activation have been discussed in
the literature in relation to AD. These are named (i) classical
activation (M1) and (ii) alternative activation (M2). The asso-
ciation between these states and AD neuropathological changes
remains to be completely understood.** It has been suggested
however that an M1-type response lowers amyloid load but
may aggravate neurofibrillary tangle pathology. On the other
hand, M2 is accompanied by elevated amyloid load and is
further subdivided into alternative activation (M2a), type II
alternative activation (M2b) or acquired deactivation
(M2c).* 1t is noteworthy that various animal studies as well
as human postmortem studies have reported that microglia in
M2b state along with increased levels of expression of
Fc-gamma receptor 1 (FcyRI), also known as CD64 are found
in AD brains.* M2b type activation is thought to be induced by
ligation of immunoglobulin Fc gamma receptors (FcyRs)
(CD16, CD32 or CD64) via immune complexes on LPS or
IL-1B-primed microglia/macrophages, causing downregulated
expression of 1L-12, increased IL-10 secretion and increased
HLA-DR expression.***’ FcyRI or CD64 seems to be a com-
mon marker expressed in postmortem AD brain as well as
down syndrome AD brain.’!

CD64 has been described as a cell surface receptor, posses-
sing a high affinity for the Fc portion of immunoglobulin (IgG),
and able to trigger a monocyte/macrophage response.’* Expres-
sion of CD64 reflects the presence of immunoglobulins in the
brain and thus the involvement of systemic immunity. FcyRs
are considered important for antibody-dependent cytotoxicity,
antigen presentation via MHC, clearance of antibodies as well
as phagocytosis. FcyRI (CD64) is found on macrophages, neu-
trophils, eosinophils and dendritic cells binds monomeric
Fcy-domain of IgG and leads through an Immunoreceptor
tyrosine-based activation motif (ITAM) domain to the activa-
tion of phagocytosis and an inflammatory response.>* Presence
of CD64 in AD brain has been associated with presence of
dementia/ cognitive decline.*®

It is noteworthy that FcR mediated microglial phagocytosis
and its possible role in the therapy of AD has been previously
examined when peripherally administered anti-Af} antibodies
were demonstrated to be capable of crossing the blood brain
barrier, with subsequent binding to AP in plaques and trigger
FcR-mediated microglial phagocytosis.> Active vaccination
with AP42 in the AN-1742 trial showed evidence that the
reduction of AP deposits was associated with microglial pha-
gocytosis. Various other active and passive A immunotherapy

studies in animal models also suggested that FcR-mediated
activation of microglia may be a central mechanism of reduc-
ing A load in the brain although there are some studies that
suggest a non-Fc-mediated mechanism may also be involved in
amyloid-beta in vivo by immunotherapy.>® Animals studies
have elucidated that antibodies against AP -peptide trigger
microglial cells to clear plaques through FcR mediated phago-
cytosis and subsequent peptide degradation.>® Interestingly,
under physiological conditions, CD64 is thought to increase
the phagocytic activity of macrophages, monocytes.'’ Thus,
it is plausible that CD64 can be a potential therapeutic target
in AD. We suggest that Neul increases the phagocytotic activ-
ity of macrophages via CD64.

NEUI and AD3.I| Link of NEUI
and Alzheimer Disease

NEUI is the most abundant and ubiquitous of the 4 mammalian
sialidases with a wide tissue distribution. Encoded by the gene
for sialidase (neuraminidase 1) NEUI plays a crucial role in
lysosomal catabolism of sialylated glycoconjugates.’®>’ NEU1
essentially catalyzes the hydrolytic cleavage of terminal sialic
acid residues from oligosaccharides and glycoproteins.*® Defi-
ciency of NEU1 is associated with sialidosis, a lysosomal stor-
age disorder in which there is impaired processing/degradation
of sialo-glycoproteins, and accumulation of oversialylated
metabolites.’® Sialidosis is divided into 2 main clinical types:
Type I is a milder form of the disease, and Type II is further
subdivided into 3 forms: congenital, infantile and juvenile.**-*
Neul is expressed ubiquitously throughout the brain but more
so in certain regions such as the CA3 region of the hippocam-
pus and the cortex.®’*> An MRI study involving 11 sialidosis
patients reported decreased functional connectivity from the
temporal and occipital lobes to the hippocampus and parahip-
pocampus, while diffuse cortical atrophy with posterior focal
lesions was also noticed, which may be linked with cortical
blindness due to an altered neural network and a compromised
visual pathway in the patients.®® Nevertheless, since sialidosis
is a rare disease, there is paucity of studies on humans, and
researchers have had to rely on studying the mouse models of
the diseases. In one animal study, Neul—/— mice developed a
certain pattern of disease in the brain, with vacuolated neurons
present throughout the parenchyma (mainly in the olfactory
bulb, the sub olfactory nucleus and the nuclei of the limbic
system). Microglia and perivascular macrophages were noticed
to be the most affected cells, often present in the proximity of
degenerating neurons in the Neu/—/— mice. Also, numerous
ballooned macrophage-like cells appeared to line neurons of the
dentate gyrus [63]. Another study reported the occurrence of an
AD-like phenotype in the sialidosis mice. It is indeed important
to note that Neul/—/— mice showed a brain phenotype charac-
terized by the presence of amyloid deposits primarily accumu-
lated in the CA3 region of the hippocampus and resembling
B-amyloid plaques like those seen in AD neuropathology, thus
demonstrating decreased NEU1 enzyme activity as a risk factor
for the development of AD.®'"®* Additionally, it has been
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demonstrated that inactivation of the Neu/ gene in the transgenic
5XFAD mice overexpressing human mutant amyloid precursor
protein (APP) increased the formation of the plaques while intra-
cerebral injections of adeno-associated viruses (AAVs) expres-
sing NEUI and CTSA slowed down or even revert the
amyloidogenic process, which indicates that NEU1 brain levels
may pose a risk factor for developing Alzheimer disease in
human 5%

Researchers established that in absence of Neul, AP
released via lysosomal exocytosis is a novel mechanism which
leads to the extracellular deposition of this toxic peptide.®?

Evidence of NEUI Being Able to Enhance Phagocytosis

In addition to its crucial role in the intralysosomal catabolism
of glycoproteins and glycolipids, a growing body of literature
suggest that Neul also possess a vital in immune system and is
involved mechanisms associated with cellular signaling during
the immune response.®® It is reported to be essential for reg-
ulating numerous immune activities.®> Studies suggest that Sia-
lidase is overexpressed during the activation of

T cells, B cells, macrophages, and neutrophils on the surface
of activated T cells and may have an effect on immune func-
tion. Also, endogenous sialidase activity has been reported to
increase exponentially during activation in majority of immune
cells including T cells, B cells, and monocytes, whereas sialy-
lation of some of their surface molecules decreases.®>*® Ani-
mal studies report that sialidase deficiency subsequently
leading to diminished stimulation of lymphocytes and macro-
phages Furthermore, Studies conducted on human subjects
have attributed recurrent infections to sialidase deficiency in
sialidosis patients, occurring due to decreased capacity of
immune cells for cytokines and antibodies production.®*

Other studies have demonstrated activity of Neul siali-
dase in freshly isolated human monocytes to be increased
20 to 30-fold per cell as they differentiate into macro-
phages. An upregulation of expression of Neul has been
reported during monocyte to macrophage differentiation,
being targeted to the plasma membrane which in turn
results in augmentation of the phagocytic capacity of these
cells, hence indicative of a crucial role of Neul in immune
activation and immunomodulation. Furthermore, in there
work, Pshezhetsky and coworkers describes macrophages
isolated from Neul-deficient mice exhibited a reduction
in phagocytosis. Also, the macrophages taken from the
Neul-deficient mice exhibited increased sialylation and
impaired phosphorylation of FcR(FcRgamma 1/CD64) as
well as markedly reduced phosphorylation of Syk kinase
in response to treatment with IgG-opsonized beads indicat-
ing that the cell surface Neul activates the phagocytosis in
macrophages and dendritic cells through desialylation of
surface receptors, particularly via CD64, hence essential for
their functional integrity.!” Treatment of cells with exogen-
ous Neul restored the phagocytic capability of macro-
phages. Hence the fact that FcRyl1/CD64 receptor has
been demonstrated to be a substrate of NEU1, and NEU1

activation phagocytosis via CD64 receptor may create an
anti-inflammatory environment since this bring microglia/
macrophages to M2 state, which appears to be crucial in
reducing the pathogenesis of neurodegeneration.'’??

Combining these observations, makes it therefore plausible
to hypothesize that in addition to Neul’s role via lysosomal
exocytosis, another pathogenic pathway exists. This pathway
consists of immune activation and immunomodulation.'”-¢*>
through which NEU1 may play a therapeutic role in AD.

A core problem in AD etiology is the imbalance between A3
production and its removal.®’

Furthermore, an early elevation in soluble AP leads to
neuronal loss, causing cognitive impairment, as well as
promotes abnormal tau phosphorylation, perpetrates tauopa-
thy along with plaque formation.'?'* Thus, controlling the
trafficking of soluble oligomers may reduce the pathogen-
esis.?? There is also evidence that microglia, instead of
performing phagocytic activity adequately, often change the
phenotype and hence may acquire a disastrous role."" How-
ever, studies suggest that stimulating microglia to M2 phe-
notype enhance their anti-inflammatory action can
potentially slow down the disease progression by control-
ling the soluble AP oligomers.”* Such microglia are char-
acterized by various markers

including CD64.***7 Relying on the foundation established
above, we present the

following hypotheses.

a. FcRyl/CD64 is thought to be associated with
increased phagocytotic activity.””’* and with AD.
We therefore hypothesize that phagocytotic activity
in AD is compromised and enhancingFcRy1/CD64
phagocytotic activity may enhance the anti-
inflammatory characteristics of macrophages which
in turn may help in reducing soluble Ap oligomers.*?

b. Neul has been demonstrated to increase the phago-
cytotic activity using FcRy1/CDC64 receptor.'’
Thus, Neul may be used to increase phagocytosis,
via FCR gamma one/CD64. Since macrophages
associated with FCR gamma one/CD64 are in M2
state, thus perform an anti-inflammatory activity,
which has been shown to reduce soluble oligomers
of Ap* and hence may be a potential therapeutic
option. Figure 1

Via animal studies, it has been demonstrated that ultrastruc-
tural examination of Neu ™ hippocampal region exhibit fea-
tures associated with amyloid plaques, suggesting that such
pathological changes result in some way from of Neul defi-
ciency. In addition, NeuI "~ mice have been reported to suffer
from profound systemic and neurological abnormalities. Not
only are their brains smaller in size than their wild-type (WT)
littermates, but also mapping of Neul expression revealed that
this enzyme is present uniformly throughout the parenchyma
and is especially abundant in the hippocampus.®*¢*
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Decreased Neul activity is associated with

impaired phagocytosis

Neuron A

Neul has been shown to
improve phagocytotic activity
via CD64

y ;, SECEE .-"-_'%
L d

1 Increase Neul activity may improve phagocytotic activity
create an anti-inflammatory state
oligomers, in turn reducing amyloid

Neuron B

NG r\_—%

Schematic representation of amyloid burden in neurons, possibly due to decreased phagocytosis my
microglial cells. It is to note that lysosomal exocytosis is another mechanism associated with the
absence of Neul, causing the release of AB—peptide in extracellular space [56]. Our hypothesis
suggested that in addition to improving excessive lysosomal exocytosis, Neul also improves phagocytic
properties of macrophages/microglia. Thus, Neul may help in increasing number of microglia as well as

reduce amyloid burden.

(In Neuron A, ®- Impaired microglia.

=Amyloid plaques

dark green parts represent FcRy1/CDC64 domain

activity.)

improve phagocytosis. Hence, reducing the trafficking of soluble oligomers which in long term, may

= Soluble AB oligomers

In Neuron B‘ = Microglia with improved phagocytotic activity, after Neul Treatment. Smaller circular,

= amyloid plaques are less since after Neul treatment, microglia have regained phagocytotic

Figure |. Association between Neul and Alzheimel.

Furthermore, increased expression of CD64 has been
reported in AD brains as well as Down syndrome brains.**=>°
This notion can be tested via immunohistochemistry in post-
mortem brain sections from patients with AD, Down syndrome
and control brains. We also recommend isolation of macro-
phages and studying sialyation pattern. Further testing may
be possible by examining the macrophages in a NeuI "~ mouse
model with the expectation to see altered sialyation of the cell
surface proteins, with a possible effect on FcRI/CD64. Also,
macrophages may show reduced induction of sialidase activity
during differentiation. Furthermore, in order to detect phos-
phorylated FcR, macrophage lysates may be immunoprecipi-
tated via the receptor using polyclonal anti-mouse FcRI/CD64
antibodies (RD Systems) specific against both alpha and
gamma chains of the receptor. Also, the impaired phagocytosis
in the Neul-deficient cells can potentially be rectified by the
treatment of cells with the exogenous enzyme Neul.!”

Discussion

In their animal study, Annunziata et al. (2013) demonstrated
that deficiency of the lysosomal sialidase NEU1 caused a spon-
taneous occurrence of an AD-like amyloidogenic process.®®
The authors suggested that the underlying mechanism involves
NEUI loss-of-function—accumulation and amyloidogenic
processing of an over-sialylated amyloid precursor protein in
lysosomes, and extracellular release of AB-peptides by exces-
sive lysosomal exocytosis.>®* We propose another mechanism
through which the loss of NEUI function may contributes to
Alzheimer’s disease, and that is the immune system. NEUI
deficiency has been demonstrated to result in impaired differ-
entiation of macrophages,'” as well as have a negative impact
on their phagocytic activity, which in turn may contribute to
AD disease.'® Thus, in addition to lysosomal exocytosis,
we advocate here for the investigation of the potential
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therapeutic role of Neul in AD via its role in immune system,
in order to identify any additional pathological mechanism.

It is well-established that phagocytosis plays a vital role in the
eradication of invading infectious agents.”> The “professional”
phagocytotic cells include monocytes, macrophages, and neutro-
phils. The entire process of phagocytosis is fairly complex and
involves the steps of recognition of invading foreign particles by
specific types of phagocytic receptors, which ultimately lead to
internalization of the particles.” Fc gamma receptors (FCGRs)
are considered to be the best studied phagocytic receptors which
bind to Fc portion of immunoglobulin G (IgG). Antibodies are
known to bind to specific antigen through their antigen binding
(Fap) end and their constant (Fc) region binds to FCGRs on
phagocytes. The clustering of FCGRs by IgG antibodies on the
phagocyte commence to a various signal, subsequently causing
reorganization of actin cytoskeleton and membrane remodeling,
and in turn leading to the formation of a phagosome. Fc gamma
receptors are classified into 3 classes: FCGRI, FCGRII and
FCGRIII. Each class of these FCGRs consists of several indi-
vidual isoforms. Among all these isoforms FCGRI, FCGRIIA
and FCGRIIIA, are able to mediate phagocytosis.”*"?

The significance of phagocytosis in the immune clearance
of AP by macrophages of AD has been supported by numerous
studies.”® Moreover, FCR mediated microglial phagocytosis to
treat AD pathology has been experimented on previously.”
Also, another FcR knockout model specified the role of spe-
cific FcR components in the induction of MIP-1 and phagocy-
tosis, thus demonstrating a pathway by which immune
complexes can activate microglia.”* It has therefore been sug-
gested that cell surface Neul activates phagocytosis in macro-
phages and dendritic cells through desialylation of surface
receptors, thus, contributing to their functional capacity.'’

Another important fact to consider is that animal studies
have also provided evidence in support of peripheral blood
macrophages and T-cells being able to invade the brain of aged
APP23 mice.” In another mutant APP transgenic mouse
model, bone-marrow derived microglia invaded the brain and
reduced AP deposits. Of note, CNS infiltration of peripheral
monocytes and the associated clearance of A decreased with
age in this APP mouse mode.”® Hence it is conceivable that in
addition to CNS based microglia, bone marrow-derived micro-
glia also play a role in eliminating amyloid deposits. Further-
more, studies investigating phagocytosis by monocytes and
macrophages isolated from the blood of age-matched control
patients revealed that control monocytes showed exceptional
differentiation into macrophages and intracellular phagocytosis
of AP followed by AP degradation or export. AD monocytes on
the other hand exhibited poor differentiation and suffered apop-
tosis. Additionally, macrophage phagocytosis has been
reported to defective in AD. Monocytes of AD patients have
been shown to be defective and result in incomplete/inadequate
phagocytosis of AB. Thus, while normal human monocytes and
macrophages appear to phagocytize, degrade and clear AP
incredibly well, in AD monocytes and macrophages are defec-
tive and, instead of providing help, disrupt BBB, produce neu-
rotoxic cytokines, invade and only ineffectively phagocytize

AP deposits and suffer apoptotic cell death with release of
AB.""15 Hence it can be assumed that the therapeutic strategies
that enhance the functional integrity as well as improve the
recruitment of macrophages could be potential tool for the
elimination or at least reduction of senile plaques.”’ When
Neul-deficient immune cells exhibited a profound decline in
their functional capacity all types of phagocytic function were
affected while activity of Neul sialidase of freshly isolated
human monocytes has been demonstrated to be increased
20 to 30-fold per cell as they differentiate into macrophages.
Moreover, Neul deficiency may affect the ability of peritoneal,
splenocyte as well as peripheral blood monocytes to engulf
Gram-positive and Gram-negative bacteria as well as
IgG-opsonized and non-opsonized particles and IgG-coated red
blood cells, indicating that Neul deficiency negatively affect
all types of phagocytosis.'” We therefore hypothesize that
NEU1 may improve the overall functional integrity of macro-
phages as well as microglia and serve as an effective therapeu-
tic tool for AD.

Although the complete understanding of the mechanism
through which Neul upregulates phagocytosis is not yet
achieved, so far there seems to be experimental evidence that
absence of Neul results in increased sialylation of the cell
surface proteins and hence may affect multiple receptors for
phagocytosis including CD64 since it has been elucidated that
the macrophages from the Neul-deficient mice showed
increased sialylation and impaired phosphorylation of FcR
as well as markedly reduced phosphorylation of Syk kinase
in response to treatment with IgG-opsonized beads. The sig-
naling pathway that we propose is illustrated in Figure 2. The
fact that treatment of the cells with purified mouse Neul can
result in reduced surface sialylation and restored phagocytosis
suggests that cell surface Neul activates phagocytosis in
macrophages and dendritic cells through desialylation of sur-
face receptors, and thus may contribute to their functional
integrity.!” We believe this also makes possible the notion
that impaired macrophages in Alzheimer’s could be reacti-
vated with NEU1.

Optimal sialylation of cell surface glycoproteins may also
be important for the interaction of macrophages with other cells
(e.g. with T, B, and NK cells via sialic acid-binding
immunoglobulin-like lectins).'”®" It is therefore quite concei-
vable that if up-regulation of the NEUI gene is functionally
important for macrophage differentiation, then the primary or
secondary deficiency of the Neul activity may affect functions
of all monocyte-derived cells and cause defects.

While neurodegenerative disorders that mimic clinical fea-
tures of Alzheimer’s disease, such as the more recently
described Limbic-predominant Age-related TDP-43 Encepha-
lopathy (LATE) has been recognized, Alzheimer’s remains the
most common form of dementia.”” The need for developing
effective treatments for AD therefore imperative since it has
been predicted that within the next 4 decades an increase num-
ber of patients will present with AD.? Currently, tremendous
scientific ongoing efforts are being made, testing various type
of therapies to find a suitable cure that for AD.”® Among them,
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Figure 2. Therapeutic potential of Neul in Alzheimer’s disease via the immune system.

active immunotherapy (also known as vaccination) against
amyloid B (AP) has been tried frequently.”® Although success-
fully tested in model animals, human clinical trials of immu-
notherapy provided have shown at best minimal improvement
in cognitive function, while causing several adverse effects.'
Therapies targeting soluble oligomers of AP have provided
promising results in reducing behavioral symptoms and cogni-
tive declines,'? and may be applied to clinical trials.
Their curative capabilities and adverse effect profile are yet
to be fully tested however. Meanwhile, another therapeutic
approach that has been suggested and may be pursued in clin-
ical trials is controlling and reducing intraneuronal trafficking
of soluble oligomers. Since this may help in reduce not only
soluble oligomers but may also prevent aggregation of amyloid
plaques as well as tau pathology, thus may provide significant
positive results.”**

It is noteworthy that studies have also demonstrated that
activating macrophages in its M2 state to be a promising
approach reducing the neurotoxicity of soluble oligomers.**
In this study we have reviewed and discussed that Neul acti-
vates the macrophages in M2'” state via CD64, creating an
anti-inflammatory environment, thus it is plausible that NEU1
may be considered as an efficacious approach in reducing solu-
ble oligomers trafficking which may not only reduce associated
clinical symptoms, with subsequent less plaque formation and
less tangles. lack of Neul is associated with AD like changes in

brain,® and its administration does provide positive results via
lysosomal exocytosis.®*®® Although Neul has been demon-
strated to activates macrophages in M2 state,'’ this remains
to be tested in the context of AD. Perhaps this can be tested
initially with animal models. Upregulation of Neul in animal
AD models can be accomplished using the approaches previ-
ously described, i.e. pharmacologic chaperone-mediated ther-
apy, and AAV-mediated gene therapy.®*** AAV-mediated
gene therapy could be particularly a more suitable therapeutic
strategy for AD because it has been successfully applied in
clinical trials and preclinical studies.®*

Conclusion

In short, the beneficial role of NEU1 in AD brain via excessive
lysosomal exocytosis has already been demonstrated and estab-
lished previously. Moreover, activation oof macrophages in
M2 stage has been illustrated to decrease the neurotoxicity of
soluble oligomers, with a reduction of associated clinical
symptoms and thus possess therapeutic potential for AD. Taken
together, we propose that NEU1 may also play a critical role in
reducing soluble oligomers by activating macrophages to M2
state via CD64, thereby further validating its curative potential
for AD. Studies on animal models can be done to verify this
hypothesis. The authors hope this will encourage future studies
to test and confirm this hypothesis.
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