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Abstract: Alzheimer’s disease (AD) is a progressive, complex, and multifactorial neurode-
generative disorder, still without effective and stable therapeutic strategies. Currently, avail-
able medications for AD are based on symptomatic therapy, which include
acetylcholinesterase (AChE) inhibitors and N-methyl-D-aspartate (NMDA) receptor antago-
nist. Additionally, medications such as antipsychotic drugs, antidepressants, sedative, and
hypnotic agents, and mood stabilizers are used for the management of behavioral and
psychological symptoms of dementia (BPSD). Clinical research has been extensively inves-
tigated treatments focusing on the hallmark pathology of AD, including the amyloid deposi-
tion, tau hyperphosphorylation, neuroinflammation, and vascular changes; however, so far
without success, as all new potential drugs failed to show significant clinical benefit. The
underlying heterogeneous etiology and diverse symptoms of AD suggest that a precision
medicine strategy is required, which would take into account the complex genetic, epige-
netic, and environmental landscape of each AD patient. The article provides a comprehensive
overview of the literature on AD, the current and potential therapy of both cognitive
symptoms as well as BPSD, with a special focus on gut microbiota and epigenetic modifica-
tions as new emerging drug targets. Their specific patterns could represent the basis for novel
individually tailored approaches aimed to optimize precision medicine strategies for AD
prevention and treatment. However, the successful application of precision medicine to AD
demands a further extensive research of underlying pathological processes, as well as clinical
and biological complexity of this multifactorial neurodegenerative disorder.
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Alzheimer Disease

Alzheimer’s disease (AD) is a slow, irreversible, but progressive, complex and
multifactorial neurodegenerative disorder and the most common form of dementia,
corresponding from 60% to 80% of all dementia cases.' Cases occurring before the
age of 65 are considerably rarer, constituting less than 5% of all AD cases and are
termed the early-onset AD (EOAD), while the majority of cases occur after age 65,
representing the late-onset AD (LOAD) or sporadic AD. Estimated 1-2% of AD
cases have very early age of disease onset, with a more rapid rate of progression
and sometimes associated with other neurologic symptoms less frequently present
in sporadic AD, and it is inherited in an autosomal dominant fashion.?

AD is not an age-related disorder; however, older age is a major risk factor
for AD.? Specifically, the risk of developing AD significantly increases after 65
years of age, and it reaches up to 31% for individuals beyond the age of 85.%*
According to the age-dependent hypothesis, cognitive functions are slowly reduced
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during normal aging. However, certain alterations, such as
neuroinflammation, changes in the cell biology, or injuries,
might cause a switch from normal aging to AD
pathophysiology.” It is assumed that age affects inflamma-
tory processes in the brain, resulting in an imbalance
between anti- and pro-inflammatory factors and leading
to chronic low-grade inflammation.®

Furthermore, loss of sex steroid hormones, estrogens
and androgens with age represents one of the significant
risk factors for AD development.” In general, women
show slower cognitive decline during aging and better
results in verbal tasks, while men are better in coordination
and visuospatial tasks.® On the other hand, women
with AD show faster decline in cognitive functions and
lower score in verbal tasks, compared to men. Moreover, it
has been reported that women over 89 years of age had
a higher prevalence of AD in comparison to the male
subjects.” Such differences might be a result of different
rate of brain atrophy in men and women. Specifically, it
has been observed that brain atrophy rate is 1-1.5% faster
in women than in men. In addition, higher levels of neu-
rofibrillary tangles in certain brain areas were found in
women, with no observed differences in Af burden
between subjects of different gender.® The gender differ-
ences are not affecting only disease progression, but
comorbidity as well.'” Although female patients with AD
show larger neuroanatomical and cognitive reduction, men
have higher comorbidity burden than women, which might
be a reason for higher mortality of male subjects
with AD.'” Sex differences in behavioral symptoms
of AD have also been observed. Specifically, while
women tend to exhibit symptoms like depression, delu-
sions, maniac symptoms and emotional lability, men more
often express apathy, abusive and inappropriate behavior.®

In addition, AD variability has been associated with
different ethnicity. For example, according to some
authors, African Americans had a higher prevalence
of AD and greater disease progression, compared to
Caucasians.'' On the other hand, the study by Mehta et al'?
demonstrated that African Americans and Latino popula-
tion with AD might have better survival rates than
Caucasians and American Indians, whereas the
lowest AD-related mortality was reported for Asian
subjects.'?

Other risk factors of developing AD are genetic'® and
acquired factors. While the mutations in genes for amyloid
precursor protein (4PP), presenilin 1 (PSENI) and prese-
nilin 2 (PSEN2) usually cause early AD, late-form AD is

mainly associated with a polymorphism in apolipoprotein
E gene (APOE), especially the presence of &4 allele.'
APOE gene encodes apoE, a key lipid transport protein
in the brain that is produced by astrocytes and plays
a critical role in the synthesis and delivery of cholesterol
in the brain. Humans have three apoE isoforms (apoE2,
apoE3 and apoE4) and the carriers of a €4 allele have an
increased risk of developing AD, while €2 allele acts
protectively for its carriers.'> Acquired risk factors include
cerebrovascular diseases as the most commonly reported
risk factor, type 2 diabetes mellitus, hypertension, obesity,
dyslipidemia, marital status, stress, depression, inadequate
sleep and smoking.'® Some of the protective factors that
can lower the risk for developing AD are physical activity,
Mediterranean diet and vitamin D."”

Due to the accelerated aging of human population, the
number of AD patients rises each year.” This high preva-
lence contributes to the great societal burden, especially
for the caregivers, and increases medical health expenses,
which is why it is recognized as a major economic pro-
blem of the modern society and a fatal global epidemic
worldwide.'® The onset of the disease occurs between 15
(for the EOAD) and 20-30 (for the LOAD) years before
the appearance of any clinical symptoms. The silent and
of AD, called
preclinical AD, is characterized by the development of

asymptomatic  initial stage also
pathophysiological hallmarks, which can be analyzed in
the cerebrospinal fluid (CSF) or in the brain with amyloid
positron emission tomography (PET) imaging.'’

AD typically manifests through a progressive loss of
episodic memory and cognitive function, leading to lan-
guage and visuospatial skills deficiencies.'” These defi-
ciencies are often accompanied by behavioral symptoms,
such as apathy, aggressiveness and depression.'® Mental
status examination plays a crucial role in the determination
of clinical manifestations of neurologic and psychiatric
diseases.”® Subjective cognitive decline (SCD) is a self-
experienced cognitive decline, not detectable on standar-
dized testing, which often occurs in the late stage of
preclinical AD. SCD is considered a preclinical manifesta-
tion of AD and one of the earliest noticeable symptoms of
dementia.?""** At some critical point, when a level of
cognitive decline cannot be compensated, it passes into
mild cognitive impairment (MCI), which can be mani-
fested on standardized tests.”®> However, although the risk
for MCI and dementia is increased in individuals with
SCD, it is not always prodromal to AD and subjects with
SCD may not show progressive cognitive decline.?* Mini
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Mental State Examination (MMSE), Clinical Dementia
Rating Scale (CDR), Global Deterioration Scale (GDS),
Neuropsychiatric Inventory (NPI), Barthel Index of
(ADL),
Neuropsychological Screening Battery (SNSB) are neu-

Activities of Daily Living and Seoul
ropsychological measures used for testing these cognitive
symptoms.?> The diagnosis of AD is still made post-mor-
tem and post-mortem studies demonstrated wide variabil-
ity in terms of accuracy of clinical diagnosis and
highlighted the challenges and limitations. Frequently,
there are only serial assessments and long-term follow-up
demonstrate the progression typical for AD. In addition to
the basic assessment of a patient with suspected AD and
the early neuropsychological profile of the AD amnestic
presentation, there are also cognitive screening instru-
ments for dementia such as Addenbrooke’s Cognitive
Examination (ACE-III), Montreal Cognitive Assessment
(MoCA), Neuropsychiatry Unit Cognitive Assessment
Tool (NUCOG),
Assessment Scale (RUDAS) and the previously mentioned

Rowland  Universal = Dementia
Mini Mental State Examination.*®

Several hypotheses try to explain the development
of AD: the hypotheses based on protein deposits, which
include the beta-amyloid (AP) cascade hypothesis and the
tau hypothesis, the hypothesis of reactive processes of
neuroinflammation as the first event in AD and the group
of hypotheses based on the loss of function, which include
calcium disbalance hypothesis, vascular hypothesis and
oxidative stress hypothesis.”” AD pathology is very com-
plex with four core features. The first core feature is
hyperphosphorylation of tau protein. Tau is an intracellular
microtubule-associated protein within neurons, important
for structural support and axonal transport. Its hyperpho-
sphorylation leads to microtubule collapse and aggregation
into neurofibrillary tangles (NFTs). Further, cleavage of
APP by B- and y-secretase enzymes causes the extracellu-
lar accumulation and aggregation of A protein fragments,
visible as amyloid plaques in the AD brain.*®

Although accumulation of AP plaques and formation of
NFTs have been associated with the etiology of AD for
over a century, neither the exact pathophysiological
mechanism of the disease nor definite treatment options
have been found so far. The amyloid cascade hypothesis
has been challenged with the amyloid B oligomer (ABO)
hypothesis proposing that AD is instigated by soluble,
ligand-like ABO, that were shown to be neurotoxic.”’
Besides AP, other products are generated following p-
and y- secretase cleavage of APP in the amyloidogenic

processing pathway, including soluble APPB, C99, and
AICD.*® These potentially important APP fragments
have not been studied in detail yet. Moreover, y-secretase
has over 90 known substrates that all could interfere with
AP production, making the idea that APP metabolism and
AP production in sporadic AD cases depend on interaction
and competition among vy-secretase substrates, very
likely.*! One of the currently most investigated concepts
proposes that the development of AD is triggered by
impairment of APP metabolism and then further pro-
gresses through tau pathology, rather than through Ap
accumulation.?”>? This concept is supported by the fact
that tau pathology is also a major age-related event in
persons with Down syndrome, 88% of whom develop
dementia before the age of 65, caused by an extra copy
of the APP gene.>** Therefore, it has been hypothesized
that tau pathology within selected projection neurons with
susceptible microenvironments may, by itself, initiate
sporadic AD.* This is in line with the findings of late
amyloid accumulation in accelerated-senescence non-
transgenic OXYS rats,>® used as an animal AD model,
and with the finding that functional integrity of synapses
in the central nervous system (CNS) of cognitively intact
individuals with high AD neuropathology is associated
with the absence of synaptic tau oligomers.>” Hence, in
comparison to Braak stage-specific readouts, connectivity-
based, personalized tau-PET readouts reduced the sample
size of planned patient-centered simulated tau-targeting
clinical trial interventions by approximately 40%.

CNS inflammation starts in the very early stages
of AD, probably decades before its clinical manifestation,
and the characteristics and the intensity of the inflamma-
tory process change with the progression of the disease.
We still know very little about the initial process of
inflammation compared to the neuroinflammatory pro-
cesses present in the later stages of AD.*° Cuello suggests
that neurons burdened with AP could be the initiators of
inflammation and activators of disease-aggravating inflam-
matory process mediated by mobilized microglia.** This
early process could be manageable by the anti-inflamma-
tory agents, unlike the CNS inflammatory process in the
late stages of AD. Microglia, the resident macrophages of
the CNS, which are activated in AD, produce cytokines,
such as tumor necrosis factor (TNF)-o, interleukin (IL)-1f,
and nitric oxide (NO) that affect neuroinflammation.?®
Several recent findings revealed that the probable major
links between disordered APP metabolism and tau pathol-
ogy are microglial and inflammasome activation and
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transmissible exosomes containing tau oligomers.*
Microglia are the primary innate immune cells of the
brain, acting nonspecifically against any foreign antigen,
and are considered to be implicated very early in AD
pathogenesis. Microglia can acquire two functional states
depending on environmental cues: pro-inflammatory
(cytotoxic, M1) and anti-inflammatory (immunosuppres-
sive, M2). However, it has been observed that microglia,
although abundant in the AD brain, fail to efficiently
eliminate AD deposits.*! Despite the onset of AD being
dominated by anti-inflammatory microglial phenotype,
pro-inflammatory cytokines eventually induce a transition
to pro-inflammatory microglial type in the course of the
disease progression.*' M1 microglia release pro-inflamma-
tory cytokines such as IL-lo, TNF-0, and complement
components that subsequently induce neurotoxic Al reac-
tive astrocytes. As pro-inflammatory cytokines such as IL-
la, IL-1B, IL-6 and TNF-a, promote inflammation and
neurodegeneration, while anti-inflammatory cytokines,

such as IL-10, oppose their action,*' *

single nucleotide
polymorphisms of the genes, coding for those proteins,
influence the susceptibility to the AD pathology.**
However, the evidence suggests that the link between
neurodegeneration and microglia could be more complex
than was initially thought. Different neurodegenerative dis-
eases and aging have been associated with the loss of
microglial homeostatic functions, resulting in chronic
neuroinflammation.* In addition, disease-associated micro-
glia (DAM) were recently identified as a subset of microglia
that can be found at sites of neurodegeneration.*® This
subset of microglia is characterized by a specific transcrip-
tional and functional profile,*’” which includes the expres-
sion of a gene coding for triggering receptor expressed on
myeloid cells 2 (TREM2), a receptor which is necessary for
the activation of DAM.***® In addition, TREM?2 mutations
were previously associated with AD development,**->°
while TREM?2 deficiency was shown to potentiate accumu-
lation of AP and loss of neurons in the mouse model
of AD.>'"? Transcriptome profiling additionally identified
APOE and transforming growth factor beta (TGF-B) as
important regulators of DAM phenotype.”®> Krasemann
et al identified the TREM2-APOE pathway as a key reg-
ulator of microglia phenotypic change in neurodegenerative
diseases.> The activation of this pathway led to the micro-
glial phenotype switch from a homeostatic to neurodegen-
erative phenotype and resulted in the inability of microglia
to maintain brain homeostasis. Therefore, understanding and

recognizing the different roles of microglia in the process
of AD initiation and progression is invaluable for future
potential therapeutic strategies and application of precision
medicine approaches.

Moreover, vascular pathology and blood-brain barrier
(BBB) disruption have been linked to AD too. Damage to
the blood vessels consequently leading to BBB dysfunction
and causing impaired brain perfusion is hypothesized to pre-
cede neurodegeneration and exist long before other character-
istic features of the disease appear.*'* The first affected area
in AD-related neurodegeneration is the entorhinal cortex,
spreading to the subiculum, CA1l hippocampal subregion
and basal forebrain networks. As the disease progresses,
neurodegeneration expands throughout the temporal lobes,
affecting the majority of cortical layers,”® where mass neuro-
nal and synaptic loss correlates with cognitive decline in AD.

Despite accumulating data about AD etiology and
pathophysiology, there is still an incomplete characteriza-
tion of the molecular mechanisms underlying AD due to
its significant clinical, pathological and biological com-
plexity. Specifically, the risk factors, biomolecular profiles,
as well as specific underlying pathophysiological pro-
cesses in AD patients demonstrate high variation. In addi-
tion to age, ethnicity and sex, the disease heterogeneity is
also influenced by the extensive genetic variation
underlying AD. So far, a variety of enrolled genes has
been identified, with individual genetic variants having
a small effect on disease risk.>> However, there are still
many unknown genetic factors contributing to AD and
further sequencing studies are necessary in order to iden-
tify genetic risk variants and to determine the specific
In addition, AD has

a considerable non-genetic component, with different

molecular pathways involved.

environmental factors, including cerebrovascular disease
or traumatic brain injury and lifestyle factors, such as
intellectual activity, affecting the risk for AD development
and significantly interacting with individual genetic back-
ground. Specific latent pathophysiologic processes in AD
patients are now more accessible by the application of
brain imaging technologies and by quantification of
blood and CSF biomarkers. Therefore, successful applica-
tion of precision medicine to AD is needed, in order to
specifically target underlying molecular and clinical het-
erogeneity of AD and to administer a preventive or ther-
apeutic intervention that is personalized to the identified

molecular pattern of risk and disease processes.’
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demonstrate a consistent reduction in histone
acetylation.'*>'*® Therefore, a variety of histone deacety-
lase inhibitors (HDACi) have been tested for their poten-
tial in reversing pathological hallmarks of AD both in vitro
and in vivo.'*> HDACi have been shown to affect AD
pathology, including Af accumulation and tau phosphor-
ylation, as well as to improve synaptic plasticity, learning
and memory."*”'*® The pan-HDACi such as vorinostat
(SAHA), trichostatin A (TSA), valproic acid (VPA),
sodium butyrate (NaB), sodium 4-phenylbutyrate
(4-PBA) and entinostat (MS-275), which affect class I, 11
and IV HDACS, as well as nicotinamide, a specific inhi-
bitor for sirtuin class III HDACs have been shown to
reverse the hypoacetylation and have beneficial effects
in AD animal studies.'*”"** The efficacy of HDAC-inhi-
bitor, vorinostat in attenuating the expression of transcrip-
tion factor PU.l in human microglia has been shown,
suggesting that it may be useful to reduce microglial-
mediated immune responses, such as the excess inflamma-
tion observed in AD."*” In addition, treatment with some
recently developed HDACI, such as hydroxamide-based
class I and II HDAC:i (I12) and mercaptoacetamide-based
class 11 HDACi (W2) with longer half-life and better
ability to cross the blood brain barrier, restored learning
and memory in AD mice."*® These compounds have
shown some promise in the studies of AD since they
appear to reduce AD pathology in vitro and memory
impairments in vivo.'*!

Some of HDACI, such as VPA, nicotinamide, and
4-PBA, have been investigated in clinical trials for AD
treatment.'*>'*? However, HDACi and especially pan-
HDAC: usually exhibit toxic effects, limiting their clinical

application,'*?

and different strategies can be employed to
overcome these drawbacks. The HDACi are usually non-
selective and affect not only histones but also other cyto-
plasmic proteins.'** It has been observed that increased
HDAC2 and HDAC3 activity exerts a negative impact on
cognition, while reduced HDACI activity may be neuro-
toxic; therefore, HDAC-based therapy inhibiting HDAC2
or HDAC3, but not HDACI1 could represent potential
therapeutic target for AD.'*' For instance, RGFP-966,
a selective HDAC3 inhibitor has been shown to decrease
pathological tau phosphorylation and AP protein expres-
sion, improve learning and memory and normalize
a number of AD-related genes in cellular and animal AD
model."** Other examples of specific HDACi are tubacin,
a selective HDACG6 inhibitor, and suramin, a selective
SIRT1 and SIRT2 inhibitor.'*’ Improved spatial memory

and cognitive performance, decreased expression of
APOEe4, B-amyloid, B-secretase and phosphorylated tau,
as well as elevated levels of BDNF, ADAMI10, SIRTI,
REST, BIN1, MINT2 have been observed in mice after
treatment with HDACi M344 with substrate selectivity for
HDAC6. 140146

An additional strategy, which suits AD very well due to
its multifactorial origin, is the development of multitarget
drugs (MTDs).'* The examples of HDACi-based MTDs
include the concomitant modulation of HDACs with phos-
phodiesterase 5 (PDES5),'*7!® antioxidant properties,'*’
transglutaminase 2 (TG2)"*® and glycogen kinase synthase
3B (GSK3p)."”! In the AD mouse model, chronic treat-
ment with CM-414 that acts as a dual inhibitor of PDES
and HDACs, rescued the impaired long-term potentiation
in hippocampal slices, diminished brain Ap and tau phos-
phorylation levels, increased the inactive form of GSK3p,
reverted the decrease in dendritic spine density on hippo-
campal neurons and reversed cognitive deficits.'>?
Another potential therapeutic approach might be the
(HATs).'>
Activation of specific HATs may reinstate general acetyla-

increase in  histone acetyltransferases
tion balance and activate gene expression programs
involved in neuroprotection. Several HATSs, including
CBP (cAMP-response element binding protein), p300
and PACAF (p300/CBP-associated factor) showed more
specific performance than non-selective HDACi. However,
the poor solubility and membrane permeability of HAT
AD
treatment.'*> Nevertheless, a recent study demonstrated
that CSP-TTK21, a small-molecule activator of CBP/

p300 HAT efficiently reverses epigenetic, transcriptional,

activators make them rather unsuitable for

synaptic plasticity, and behavioral deficits in a mouse
model of AD.'>* Alternative strategies also consider nat-
ural products, such as curcumin and derivatives, which
inhibit the formation of AP oligomers and tau aggregation,

have antioxidative

55

and anti-inflammatory ~ and
properties.' Curcumin has been considered as
a selective inhibitor of the p300/CREB binding protein
HAT activity.'>® Several clinical trials investigated the
combinations of curcumin with other natural compounds
as potential treatment for AD and mild cognitive
impairment.'**'**> Other phytochemicals such as resvera-
trol and epigallocatechin gallate (EGCG) have been shown
to regulate histone acetylation. Resveratrol was identified
as activator of the conserved HDAC class III family of the
sirtuins. Resveratrol has antioxidant, anti-inflammatory,

and neuroprotective properties and can decrease the
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toxicity and aggregation of AP peptides in the hippocam-
pus of AD patients, promote neurogenesis, and prevent
hippocampal damage.'>” The key neuroprotective mechan-
ism of resveratrol in AD seems to be linked with SIRT1
activation.">® Although, clinical trials are evaluating the
potential of resveratrol in the prevention of cognitive
impairment and cerebrovascular dysfunction in AD,'?*!4
evidence-based clinical studies are still insufficient.
Citicoline or cytidine-5'-diphosphate-choline is
a naturally occurring cholinergic compound in human
cells, with particularly high abundance in the brain tissue
where it serves as a precursor to the neurotransmitter
acetylcholine. It was proven to have beneficial effects on
cognitive functions in AD patients when combined with
9 AChE
inhibitors,'®® or as triple therapy with memantine and

memantine  treatment, treatment  with
AChE inhibitors.'®" Citicoline is also an important inter-
mediate in the biosynthesis of phospholipids, essential
components in neuronal membranes, and a potential neu-
roprotective agent due to its positive effect on sirtuin 1
(SIRTI) expression.'®> Hypermethylation of the SIRT1
gene and decreased expression of SIRT/ is a common
finding in AD, related to pathogenic mechanisms such as
abnormal APP processing, neuroinflammation, neurode-

mitochondrial 163

generation, and dysfunction.
Neuroprotective effects of citicoline could also be asso-
ciated with its ability to modulate the activity and expres-
sion of certain MAP-kinase family members, which are
involved in neuronal death.'®*

Histone methyltransferase inhibitors, such as
S-adenosyl methionine (SAM), which is one of the main
methyl donors in the body, as well as DNA and histone
methylation activator, might also have potential therapeu-
tic effects in AD."** However, large loss of methyltrans-
ferase function has been associated with learning
deficiencies in both AD patients and mouse models
of AD. Therefore, only partial histone methyltransferase
inhibition could help restore balanced enzyme function.'*'
In summary, despite substantial progress, the role of his-
tone epigenetic modifications in AD and their potential
for AD treatment require further investigation. In the
future, obtained pharmacoepigenetic data could help to
optimize the precision medicine approach to AD.
Numerous studies have reported dysregulation of spe-
cific miRNAs associated with AD pathology and sug-
gested that this dysregulated miRNA pattern could be
used in order to improve AD diagnostics and serve as

the basis for a novel and more effective therapeutic

approach.'® %7 Parsi et al'®®

suggested miR-16 as
a good candidate for future development of AD therapy.
Using brain delivery of miR-16 mimics in mice, they
achieved the downregulation of APP, BACE]I, and tau in
a region-dependent manner. They also identified additional
targets of miR-16, including nicastrin, y-secretase, o-synu-
clein and transferrin receptor 1 (TfR1). Similar effect on
tau protein expression was observed in Neuro2a cells for
miR-132 mimics.'® Treatment with miR-132 mimics had
a beneficial effect on memory function in mice and sup-
ported the role of miR-132/212 in the regulation of tau
pathology.'®® The importance of miR-132 in AD pathol-
ogy and its therapeutic potential were confirmed by intra-
cerebroventricular injections of miR-132 mimics, which
resulted in upregulation of inositol 1,4,5-trisphosphate
3-kinase B (ITPKB), an enzyme involved in AP deposition
and tau phosphorylation.'” Transfection of PC12 and SH-
SYSY cells with miR-193a-3p mimics reduced Ap-
induced neurotoxicity by targeting the expression of phos-
phatase and tensin homolog (PTEN) gene.'”! The miR-107
was shown to have neuroprotective effects in PC12 cells
and in mice after the treatment with 6-hydroxydopamine,
suggesting that miR-107 plays an important role against
neurotoxicity by inhibiting the expression of programmed
cell death 10 (PDCD10) protein.'

Administration of miR-326 lentiviral vectors into AD
mice inhibited c-Jun N-terminal kinase (JNK) signaling
pathway, downregulated the expression of proto-oncogene
VAV, and inhibited tau phosphorylation, leading to
improvements in cognitive function.'”® Based on these
results, miR-326 might also be a promising target for AD
treatment. The use of miR-34c antagomir (AM34c) ame-
liorated the cognitive function in SAMP8 mice by nega-
tively regulating the expression of synaptotagmin 1.'7*
A similar effect was achieved with miR-188-5p oligonu-
cleotide transfection in 5XFAD mouse model of AD.'”

1'% used in vivo mouse model and intra-

Zolochevska et a
cerebroventricular injections to demonstrate that miR-149,
miR-485 and miR-4723 could prevent A oligomer bind-
ing to the synapses. The miR-200b and miR-200c mimics
were also able to prevent AB-derived toxicity in mice.'”’
Injection of lentiviral particles encoding miR-31 in 3xTg-
AD mice resulted in APP and BACE1 downregulation
improved cognitive functions and decreased anxiety
levels.'”®

Recently, the potential of blocking miR-592 in order to
lower oxidative stress injury in astrocytes was reported

and it was suggested to be mediated by dyslexia-associated
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