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Abstract: The gene based therapeutics and drug targets have shown incredible and appreciable
advances in alleviating human sufferings and complexities. Epigenetics simply means above genet-
ics or which controls the organism beyond genetics. At present it is very clear that all characteristics
of an individual are not determined by DNA alone, rather the environment, stress, life style and
nutrition play a vital part in determining the response of an organism. Thus, nature (genetic
makeup) and nurture (exposure) play equally important roles in the responses observed, both at the
cellular and organism levels. Epigenetics influence plethora of complications at cellular and mo-
lecular levels that includes cancer, metabolic and cardiovascular complications including neurologi-
cal (psychosis) and neurodegenerative disorders (Alzheimer’s disease, Parkinson disease etc.). The
epigenetic mechanisms include DNA methylation, histone modification and non coding RNA
which have substantial impact on progression and pathways linked to Alzheimer’s disease. The
epigenetic mechanism gets deregulated in Alzheimer’s disease and is characterized by DNA hyper
methylation, deacetylation of histones and general repressed chromatin state which alter gene ex-
pression at the transcription level by upregulation, downregulation or silencing of genes. Thus, the
processes or modulators of these epigenetic processes have shown vast potential as a therapeutic

target in Alzheimer’s disease.
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1. INTRODUCTION

Alzheimer’s disorder (AD) is the progressive neurode-
generative disorder affecting primarily elderly population
and is the most common form of dementia globally [1]. AD
is characterized by progressive and continuous neurodegen-
eration in the brain, especially in the hippocampus, temporal
lobe, frontal lobes and frontal cortex regions of the brain.
Neurodegeneration in these regions inflicts the clinical mani-
festations of the AD, which includes dementia, learning im-
pairment and progressive cognitive dysfunction [1]. Pathol-
ogically, AD is characterized by the development and accu-
mulation of extracellular aggregates of amyloid p (AB) pep-
tide in the brain accompanied by intracellular neurofibrillary
tangles, which are generated by the hyperphosphorylated tau
proteins within the neurons [2]. Clinically, AD is the 6"
leading cause of mortality worldwide [3] and short-term
memory loss is the most frequently reported clinical symptom
in patients suffering from AD [4]. As the disease progresses,
symptoms like mood disorder, unpredicted mood swings,
reduced self-care, linguistic difficulties, social isolation, de-
pression, etc. become evident [4]. Life expectancy of the
patients diagnosed with AD cannot be predicted perfectly;
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however, on an average such patients may have 3 to 9 years
before AD is diagnosed and eventually the patient dies [5, 6].

The factors which lead to the initiation and uncontrolled
progression of AD are not well understood till date. How-
ever, the involvement of genetic factors in the pathogenesis
of AD has been established in approximately 70% of cases
and involves multiple genes [7]. Mutation in the genes regu-
lating the production of AP peptide (PSEN1, APP and
PSEN2 genes) has been recognized as the cause for the de-
velopment of early-onset AD, which affects individuals hav-
ing age less than 65 years. However, these mutations provide
justification for just 1% of the cases and the etiology of the
rest of the cases remains unexplained [8]. Late onset AD
(LOAD) affects people above 65 years of age and accounts
for approximately 95% clinical cases [8]. The etiology of
LOAD is also unknown and the involvement of genetic fac-
tors in it is highly suspected. Researchers have reported that
the mutations in the APOE gene are one of the major risk
factors for the development and progression of LOAD, how-
ever, mutations alone in the APOE gene cannot explain
completely the pathogenesis of LOAD [9].

Continuous research exploring the genome-wise associa-
tion of AD has identified more than 20 susceptibility LOAD
loci which explain its pathogenesis to some extent. The ma-
jority of these genes encodes for the proteins which are in-
volved in the inflammatory pathway, cholesterol metabolism
pathway and endosomal vesicle recycling pathways, how-
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ever, individually neither of these pathways are considered a
major risk factor for the development and progression of AD
[1]. This along with the several studies conducted on the
monozygotic twins suggest that several other risk factors
besides genetic factors are involved in the pathogenesis of
AD [8]. Further, approximately one-third cases of AD indi-
cate low educational status, diabetes mellitus, depression,
hypertension, obesity, smoking and lack of cognitive activity
as the major contributing risk factor for AD [10]. Besides,
the involvement of environmental factors, like the use of
pesticides, emotional trauma, and head injuries, drastic
changes in the lifestyle and dietary habits, in the pathogene-
sis of AD has been reported [11].

Although the pathogenesis and symptoms related to AD
have been established, the pathways that lead to the devel-
opment of these symptoms and pathogenesis of AD are
poorly known. Besides, there is no cure for AD in current
time and the available therapeutics provide only sympto-
matic relief without affecting the underlying pathogenesis of
AD [12-14]. AD is a result of a complex interplay between
genetic and environmental factors. Therefore, the pathogene-
sis of AD could be efficiently explained by the epigenetic
mechanisms, which mediates the interaction between envi-
ronmental factors and the genome response. In this review,
authors have reviewed and discussed the major studies which
provide a comprehensive detail towards the association of
epigenetics in the pathogenesis of AD.

2. EPIGENETIC MECHANISMS INVOLVED IN AD

Epigenetics is referred to any heritable changes altering
the expression of gene/s without the alterations in the actual
DNA sequence. Therefore, unlike genetic code, epigenetic
code is specific to a particular cell or a tissue that can show
changes with respect to different environmental factors, ag-
ing or a disease condition [15]. Epigenetic involves the re-
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sponse generated to environmental factors and this is the
major difference between the epigenetics and genetic varia-
tions, which generally are independent of the environmental
stimuli [16]. There are three major epigenetic mechanisms
that regulate the interplay between genes and environmental
factors, which include DNA methylation, histone
modification and noncoding RNA molecules, mediated regu-
lation of gene expression (Fig. 1).

2.1. DNA methylation

Epigenetics is all about the lessons of structural changes
of the chromatin which modify the phenotype without
changing the genotype. DNA methylation is the most studied
epigenetic biological phenomenon that controls the genetic
expression and involves the addition of a methyl group to
DNA. The process does not alter the DNA sequence yet
changes the activity of DNA, gene expression and function
of genes. DNA methylation is the most widely investigated
mechanism of epigenetics for its involvement with several
disorders like AD, Parkinsonism, depression efc [17-20].
DNA methylation involves the addition of a methyl residue
to the DNA chain with the help of an enzyme known as
DNA methyltransferases. The most common and frequent
site of methylation by this enzyme is the cytosine residue
leading to the formation of the S-methylcytosine (5-mC) in a
CpG dinucleotide clusters [18, 21]. Sites of the CpG clusters
are referred as CpG islands, and when any such island lo-
cated on the promoter region of a gene undergoes methyla-
tion, it results in the repression of the expression of that gene
[22]. Further, CpG dinucleotides are located on the centro-
meric sequences, also known as repetitive sequences, and
methylation of these CpG dinucleotidesis responsible for
stabilizing the chromosome and for preventing translocation
events [23]. Another epigenetic modification of the cytosine
residue, mediated by its oxidation, is known as hydroxyl
methylcytosine (5-hmC). 5-hmC is broadly distributed in the
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Fig. (1). Epigenetic is the core area of variety of disorders including AD. (4 higher resolution / colour version of this figure is available in

the electronic copy of the article).
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CNS and is known to be associated with several neurode-
generative disorders and neuro developmental abnormalities
[24].

The first conclusive evidence of the involvement of the
altered DNA methylation during AD was provided by West
et al. in 1995. They reported that during AD, methylation
levels of APP promoter region in the temporal lobe are sig-
nificantly lowered when compared to a healthy individual
and a patient suffering from Pick’s disease [25]. This was
followed by a series of in-vitro and in-vivo studies involving
cell lines and animals. These studies suggested that the al-
terations in the various environmental factors, such as vita-
min B-group deficiency and exposure to heavy metals such
as lead, lead to the methylation in the genes which are asso-
ciated with the synthesis of AP peptide [26-28]. These find-
ings were followed by the investigation of the DNA methy-
lation in AD samples at either global or gene specific level.
The association of global DNA methylation with the patho-
genesis of AD is a debatable question. Investigators studied
the content of 5-mC or 5-hmC as a measure of global DNA
methylation and these reports from the past investigations
have generated conflicting conclusions regarding the in-
volvement of global DNA methylation in AD [29-37] and
these reports confirm that the levels of both 5-mC and 5-
hmC are significantly altered in different brain regions dur-
ing the early stages of AD. These results suggest that global
DNA methylation may be associated with the early onset of
AD or during initial phases of AD or dementia [37].

The search for epigenetic involvement in the pathogene-
sis of AD was investigated directly on the postmortem AD
brain samples, to achieve a better understanding. This search
was initially focused on the genes which were related to de-
mentia, LOAD or to the pathogenic markers of AD. These
genes include those involved in the production of AP peptide
(BACEIL, APP, PSEN2 and PSENI1), genes involved in the
formation of neurofibrillary tangle(GSK3B and MAPT) and
gene involved in the pathogenesis of LOAD (APOE) [25,
38-41]. However, not much success was achieved through
these studies as no clear cut and conclusive evidence of epi-
genetic alterations in the expression of these gene during AD
was reported. Further, similar findings were reported from
the blood samples of the living AD patients, suggesting the
limited epigenetic involvement of these genes in the patho-
genesis of AD [42, 43]. Further, several studies focused on
the genes involved in the synaptic plasticity, inflammation,
and other pathogenic pathways of AD to identify an epige-
netic marker of AD. These studies were conducted on both
blood samples of AD patients and neuronal DNA samples
[42, 44-46]. However, these studies did not reveal any con-
clusive epigenetic biomarker due to having limited popula-
tion size and lack of reproducibility of results, resulting in
conflicting and contradictive outcomes [47, 48]. Some suc-
cess was achieved with the TREM2 and BDNF genes stud-
ied in the blood and neuronal DNA of AD patients. Epige-
netic changes in these genes can be considered as the poten-
tial biomarkers of AD in terms of DNA methylation [49-55].
These observations were reinforced with the observations in
which it was suggested that methylation of BDNF in the
promoter region resulted in the conversion of amnestic mild
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cognitive impairment condition (a stage prior to AD) to con-
firmed AD development [54, 55].

Neurodegeneration is a continuous process and it in-
creases with age and a broad examination of more than 5000
genes demonstrated that changes in ShmC with age can be
linked directly to the development and progression of AD
and specific loci have been identified on chromosomes
which are primarily affected in AD patients [56, 57].

A search for an epigenetic biomarker for AD has been
extensively studied through epigenome wide methylation
and hydroxymethylation studies (EWAS). These studies
have revealed a large number of differentially methylated
(DMRs) or hydroxyl methylated (DhMRs) regions in AD
brain when compared with control brains [58, 59]. These
studies associated the involvement of gene PPT2-EGFLS,
LOC100507547, PPT2, PRDM16, PRRT1, CDH23, RNF39,
and C10orf105 in the pathogenesis of AD. All these genes
encode for various proteins that are involved in the regula-
tion of various cellular pathways, such as synaptic plasticity,
intracellular communication etc. [60-62]. For a better under-
standing of the epigenetic association with the AD, research-
ers have used the samples from monozygotic and dizygotic
twin pairs. These studies identified the crucial association of
epigenetic modification of ADARB2 gene in the hippocam-
pus with AD pathogenesis [63]. Further, impaired synaptic
plasticity, learning dysfunction and memory impairment are
also reported in ADARB2 mutant models [64]. Further,
DNA hydroxyl methylation investigation of the postmortem
AD dorso-lateral prefrontal cortex revealed several DhMRs
associated with AD neuropathogenesis. These included a
signification association of 517 DhMRs with neuritic
plaques and significant involvement of 60DhMRs with the
development of neurofibrillary tangles [65]. Further, Bern-
stein et al. (2016) conducted a similar study on DNA ex-
tracted from the prefrontal cortex of postmortem AD patients
and demonstrated significant association of 325 genes con-
taining DhMRs [66].

Recent literature has depicted importance of mitochon-
drial DNA methylation in the pathogenesis of AD and these
inputs reaffirm the fact that mitochondrial DNA can be in-
fluenced by the epigenetic mechanisms and these changes
are crucial for AD progression [67]. It is evident that mito-
chondrial dysfunction occurs during AD and this may be
attributed to some extent due to the disruption of regulatory
epigenetic mechanisms [68]. Bradley et al. (2013) compared
the global 5-hmC levels in the mitochondrial DNA in sam-
ples of temporal gyrus taken from the healthy individuals
and AD patients, and reported an increase in global 5-hmC
levels in AD patients [29]. Further, investigation of the DNA
samples from the living patients of LOAD revealed a signifi-
cant interaction of epigenetic modification of mitochondrial
DNA in the pathogenesis of AD as indicated by the signifi-
cant reduction of the methylation in the D-loop of mitochon-
drial DNA when compared to the matched control subjects
[69].

Although the association of differential methylation with
the pathogenesis and progression of AD is now evident,
there are some conflicting reports which open the conflicting
debate regarding the involvement of DNA methylation in the
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pathogenesis of AD. A study conducted by Nagata et al.
(2018) demonstrated no conclusive evidence of differential
methylation at the NEP promoter of post-mortem AD brain
samples [70]. NEP is a metallo-protease enzyme which is
found to be deficit in AD patients and is involved in the deg-
radation of P-amyloid proteins. Consequently, NEP defi-
ciency leads to the accumulation of amyloid plaques leading
to the AD pathogenesis [71]. Although, the debate persists in
the association of NEP with AD, overall, the association of
methylation with the pathogenesis of AD cannot be ruled out
and is backed up by conclusive evidence which clearly sug-
gests the strong epigenetics-AD association and need to ex-
tensively explore epigenetic interventions for AD.

2.2. Histone Modification and AD

Histone proteins are associated closely with the DNA and
are the most abundant protein within the nucleus. Histone
proteins wrap the double stranded DNA around them and
provide stability to DNA along with the site for gene tran-
scription. Histone aggregates to form an octamer and DNA is
wrapped around this octamer to form the nucleosome. His-
tone proteins are prone to several post-translational modifi-
cations on its N-terminal, which include ubiquitination, ace-
tylation, ADP ribosylation phosphorylation and methylation
[72-76]. Histone proteins get acetylated by histone deacety-
lases (HDACs) and histone acetyltransferases (HATS).
Likewise, methylation of the histone proteins is achieved
with the help of histone demethylases (HDMs) and histone
methyltransferases (HMTs). These enzymes are important
for various modifications on the histone proteins, which in
turn is responsible for the activation and deactivation of
various genes and therefore, is an important mechanism,
which regulates the gene expression [77]. Histone modifica-
tion can occur on amino acids like lysine, where its acetyla-
tion generates a relaxed chromatin structure. This relaxed
structure allows greater access to the activators of the tran-
scription for particular gene expression, and likewise, deace-
tylation may hinder gene expression [78]. Several studies
conducted on the transgenic mouse models of AD had re-
vealed prominent evidence of the association of histone
modifications with the AD. In these studies, enhanced acety-
lation of the histone H4 occurs at the lysine 12 (H4K12ac)
residue during the early stages when amyloid protein starts
to show aggregation in the brain. Further, acetylation of the
histone H4 at the lysine 12 (H4K12ac) was also observed
during amnestic mild cognitive impairment, suggesting it as
an early stage AD biomarker [79]. Besides, histone modifi-
cations at H3K27me3 and H3K4me3 have also been demon-
strated to be crucial in the pathogenesis of AD through a
genome-wide methylation study conducted in the brain of
AD patients [62]. These findings are strongly supported by
the in-vivo findings, where, treating animals with HDAC
inhibitors resulted in improvement in learning and memory
functions [74, 80] and decreased the levels of A in the brain
[81].

2.3. Non-coding RNA and AD

Along with the histone modification and DNA methyla-
tion, short and long non-protein coding RNAs (ncRNA) have
also been demonstrated as the potential regulator of the epi-
genetic pathogenesis of AD [82, 83]. BACEI is responsible
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for the generation of AP peptide in the brain. BACEI1 is
characterized by the miRNAs and it has been reported that
these RNAs are markedly deregulated in the brain and blood
of AD patients [84-86]. It was also demonstrated that miR-
29c improves memory and learning physiology in the neu-
rons of the hippocampus region [86], and therefore may be
considered as a therapeutic target for the management of
AD. Further, miRNAs involved in the lipid metabolism
(miR-33) and neuroinflammation (miR-34a and miR-155)
have been identified to be involved in the epigenetic patho-
genesis of AD [87-89]. Further, many studies demonstrate
various ncRNAs involved in apoptosis, synaptic plasticity
and AP production when evaluated in the brains of the AD
patients, suggesting a prominent role in the pathogenesis of
AD [90-96]. All these observations suggest that ncRNA
could be a potential target for the early diagnosis and man-
agement of AD, however, extensive research is required.

2.4. Tau Protein and Epigenetics

The development of neurofibrillary tangles is another
hallmark of the AD pathogenesis. Neurofibrillary tangles are
produced due to the hyperphosphorylation of tau proteins
leading to their aggregations to produce tangles which lead
to the development of several taupathies such as AD, demen-
tia and frontotemporal dementia [97, 98]. Interestingly, hy-
perphosphorylated tau proteins and oligomeric tau proteins
are found in close association with PTK2B. These observa-
tions are made in the brain sample of AD patients, and also
in the brain samples of transgenic mice suggesting a strong
genetic insight to the tau pathogenesis of AD. Therefore,
PTK2B can be considered as a biomarker for the early
pathogenesis of tau hyperphosphorylation etiology of AD
[99]. Three transcriptional activator sites, namely AP2, SP1
and GCF, are known to play a vital role in the epigenetics of
tau hyperphosphorylation and have been investigated to a
greater extent. Although no difference in the methylation
status of the AP2 site was observed with age, the other two
sites, SP1 and GCF, decrease significantly with the increas-
ing age and thereby downregulate tau expression [100]. Fur-
ther, it is now established that the methylation reactions oc-
curring in the cytoplasm can directly affect the phosphoryla-
tion process and therefore the formation of the neurofibril-
lary tangles is also affected by these methylation reactions.
Homocysteine is known to inhibit enzyme methyltransferase
at high concentrations and it also inhibits hypo-methylation
of protein phosphare 2A (PP2A), which is necessary for in-
hibition of the formation of neurofibrillary tangles as these
pathways have the potential to dephosphorylate the phos-
phorylated tau protein [101, 102]. Glycogen synthase kinase
3B (GSK3p) belongs to a family of kinases and is known to
phosphorylate tau in the brain. Moreover, increased expres-
sion of its regulating genes has been observed in the brain of
AD subjects [103]. Various studies conducted on the cell
lines, embryonic stem cells and transgenic models of AD
revealed that a decrease in the methylation in the promoter
region of GSK3f results in the enhanced expression of
GSK3B[103, 104].

3. Epigenetic Insights to Aging

Aging is an evolutionary conserved biological phenome-
non affecting all living organisms and may be affected by
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alterations in the epigenome. Aging is a continuous phe-
nomenon and one of the leading causes of dementia, neu-
rodegeneration and related disorders such as AD and Parkin-
sonism [105]. Although, exact mechanism how dementia,
memory loss and AD are triggered with advanced age yet
valuable research inputs suggest that epigenetic changes over
time may progress to AD. It has been reported that the aging
process is accompanied by loss of heterochromatin
(H3K9me3) and aging leads to a reduction in DNA methyla-
tion [106-108]. Further, aging is known to induce epigenetic
modifications in euchromatic regions which primarily in-
clude significant changes in the transcription repressive mark
(H3K27me3), transcription elongation mark (H3K36me3)
and the active mark (H3K4me3). Changes in these marks
results in the altered expression of genes and therefore leads
to the development of progressive functional loss with aging
[109-111]. There are some other studies which suggest that
methylation status of the brain changes drastically with age
[112], which may be due to the interplay of epigenetic and
environmental factors. Although it is now evident that age
has a major impact on the epigenetic expression on various
locations in the DNA, the exact etiology still remains unclear
and needs to be explored further [113].

Along with the genetic risk factors, the involvement of
environmental factors in the pathogenesis of AD cannot be
ruled out [114, 115]. McCartney et al. (2018) performed an
extensive study of DNA methylation-based aging which in-
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volved epigenetic comparison of biological epigenetic profile
age versus actual chronological age. For this, they utilized
more than 5000 individuals to evaluate genetic and environ-
mental risk factors for AD and revealed a significant in-
volvement of lifestyle risk factors in the pathogenesis of AD.
They reported that lifestyle factors such as increased body mass
index, hypertension, socioeconomic status, smoking habits
etc. demonstrated a significant association with AD and these
factors adversely influenced age altered epigenetic profile
and therefore contributed to the pathogenesis and progression
of AD [115]. Fig. 2 gives a graphic presentation of the
interaction of epigenetical markers at various levels in AD.

4. EPIGENETICS AND AD THERAPY

As evident from the above discussion, epigenetics influ-
ence the pathogenesis and progression of AD to a significant
extent. Currently, the exact pathogenesis for the develop-
ment and progression of AD is not known completely and
the currently available therapeutics only provide sympto-
matic relief from the disorder rather than curing it. Looking
into the significant association between epigenetics and AD
pathogenesis, modulation of epigenetic pathways through
epigenetic therapy may result in a better understanding of
AD pathogenesis and better management of AD. Although
not much success has been achieved so far in the manage-
ment of AD, epigenetic therapy has successfully and effi-
ciently utilized for the management of cancer in past years
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Fig. (2). The Epigenetic Alterations influence the core complexities of Alzheimer’s Disease. AB: Amyloid Beta; Ach: Acetylcholine; NT:
Neurotransmitter; AD: Alzheimer's disease. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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[116]. In this context, many inhibitors of histone deacetyla-
tion and DNA methylation have been approved by the US
FDA for the treatment of blood tumors [117].

4.1. DNA Methylation and AD Therapy

DNA methylation has been associated with neuronal
phenomenon like learning and memory functions and AD.
Many genes have been identified which are hypo-methylated
during AD. As a therapy for the management of AD, some
success has been achieved by supplementing the diet of AD
patients with DNA methyl donors. In one such study, scien-
tists have reported an improvement in the cognitive functions
with growing age, which generally show a marked decline,
when supplementing diet with folate for 3 years [118].
Likewise, increasing the levels of vitamin B12 in the plasma
has been linked to lowering the risk for the development of
cognitive  dysfunction, dementia and homocysteine-
associated memory loss [119]. S-adenosyl-L-methionine and
L-methyl-folate have shown some success during idiopathic
dementia when supplemented through diet. S-adenosyl-L-
methionine therapy improved patients who were suffering
from major depression [120] and also showed beneficial ef-
fects in improving learning, long term potentiation and neu-
rological complications associated with exposure of lead to
the population [121]. Tetl maintains the methylation status
of the brain by controlling ShmC production. It is now con-
sidered as a promising therapeutic target for AD as its inhibi-
tion leads to cognitive enhancement and deletion of Tetl is
associated with improved memory consolidation and re-
trieval [122]. During AD, neurons express both hyper and
hypo-methylation at different loci which may be region-
specific in the brain. Due to this, drugs for epigenetic modi-
fication may exert opposite effects. Therefore, further re-
search for the gene specific epigenetic modulators is needed
which may significantly improve the AD therapeutics.

Recently, Smith ef al. (2018) demonstrated for the first
time that differential methylation of HOX gene is signifi-
cantly involved in the pathogenesis of AD. Their study in-
volved three independent cohorts and demonstrated exten-
sive hyper-methylation across HOXA cluster in the samples
collected from the superior temporal gyrus and prefrontal
cortex [123]. Moreover, hypo methylation of APP is also an
important implication in the AD pathogenesis which results
in the enhanced accumulation of amyloid plaques [124].
Methylation in the numerous other genes has now been iden-
tified to be associated with the pathogenesis and progression
of AD, which includes ANK1, MCF2L, S100B, LRRCSB,
MAP2 and STK32C [124].

4.2. Histone Modifications and AD Therapy

HDAC inhibitors are the most widely studied for AD
therapy and have shown some promising results as well. Ex-
tensively studied inhibitors of the HDAC include sodium 4-
phenylbutyrate, vorinostat and valproic acid. These drugs are
known to affect tau hyperphosphorylation and AP plaque
deposition. Valproic acid has demonstrated the potential to
reduce AP plaque deposition in both cell line studies and on
transgenic animal model of AD [125]. Further, valproic acid
was demonstrated to inhibit GSK-3p3-mediated y-secretase
which cleaves the amyloid precursor protein, thereby im-
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proving the behavioral dysfunction in transgenic mouse
model of AD [126]. Sodium 4-phenylbutyrate improved
memory and learning function in a transgenic mouse model
of AD by lowering the level of A, clearing deposited Af
and by decreasing tau hyperphosphorylation. The beneficial
effects of sodium 4-phenylbutyrate were attributed to its po-
tential to increase histone acetylation in the brain, increase
dendritic spine density in the hippocampus, alleviating endo-
plasmic reticulum stress and improving synaptic plasticity in
the brain [127,128]. Several studied conducted on vorinostat
demonstrated its potential to increase H4K 12 acetylation and
restore genes induced during learning and memory formation
[129]. Vorinostat, along with sodium valproate and sodium
butyrate, is a class I HDAC inhibitor and all three of them
restored contextual memory in the transgenic AD model by
increasing the histone H4 acetylation levels [130]. Besides,
there are several studies conducted on a transgenic mouse
model of AD which demonstrate that the inhibition of
HDAC improves cognition, restore cognitive deficits and
memory function [131]. Despite several conclusive evidence
of the involvement of histone modifications in the AD etiol-
ogy, the clinical application of this has gained a limited suc-
cess due to several issues, amongst which toxicity is the ma-
jor concern. HDAC inhibitors are known to induce cell
death, cell cycle arrest and apoptosis in several cancer stud-
ies and have similar effects on neurons as well [132-134].
Further, another limiting factor for the use of histone modi-
fying agents in AD is the untoward effect on the immune
system and lower blood brain barrier permeability of HDAC
inhibitors [135-137].

Epigenetic regulation of PU.l transcription factor has
been reported to have a significant potential for the therapeu-
tics of AD. PU.1 is essential for the microglia gene expres-
sion and for the development of myeloid cells and it has
been demonstrated that reduction in the levels of PU.1 corre-
sponds to the delaying the AD onset [138, 139]. Further
FDA approved HDAC inhibitors such as Vorinostat, have
been reported to reduce PU.1 expression in microglia of hu-
mans. Vorinostat, along with other HDAC inhibitors, which
are capable of knocking down PU.1 expression, can reduce
microglia mediated responses, which primarily include ex-
cessive neuronal inflammation, and therefore could prove to
be a highly useful therapeutic strategy [139, 140]. Likewise,
promising results have been observed for the use of HDAC
inhibitors for the management of AD in mouse models,
which has been extrapolated to clinical settings as well.
RGFP-966 is an HDAC inhibitor and it has been demon-
strated to reverse tau hyperphosphorylation, lower the B-
amyloid protein levels and improve spatial learning and
memory in triple transgenic AD mice. RGFP-966 increased
BDNF expression reduced tau phosphorylation and reduced
tau acetylation which may contribute to its beneficial effects
during AD. Further, in an attempt to extrapolate these find-
ings to the clinical settings, RGFP-966 was tested in the stem
cells derived from two AD subjects and compared to two
healthy individuals. Although the sample size in this study is
low, it revealed some important findings where the accumu-
lation of amyloid B and tau hyperphosphorylation demon-
strated a significant reduction in primary neurons [141].
Therefore, to utilize the full therapeutic potential of the his-
tone-modifying agents, extensive research is still needed.
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4.3. Non-coding RNAs for AD Therapy

ncRNAs are widely expressed in the brain and are the
key regulators of neuronal functions, neuronal developmen-
tal processes. During AD, abnormal expression of these
ncRNAs occurs in the brain and other regions such as blood
and CSF. Therefore, these ncRNAs could be a crucial tool
for the early diagnosis of AD and for AD therapeutics. Re-
cent studies demonstrated that enhanced expression of miR-
124 and mir-195 lower the levels of AP via BACEl and
therefore can be a crucial therapeutic target for the manage-
ment of AD [142, 143]. Another such therapy for the AD
based on ncRNAs is through the utilization of anti-miRNAs,
miRNA mimics and miRNA precursor analogs. miRNA
mimics have been reported to down-regulate the expression
of the target protein and gene, which includes BACE gene
and BACEL! protein. Further, it is very difficult to target
these therapeutic molecules to the desired cell, which is chal-
lenging and limits the use for AD [144, 145]. Although,
ncRNAs seems to be potential therapeutic agents, their use is
limited by several factors which include targeting to a spe-
cific cell, blood brain barrier etc. therefore extensive re-
search is still required for utilizing the complete therapeutic
potential of this therapeutic strategy.

5. EPIGENETIC THERAPEUTICS BEYOND THE
FOCUS OF AD

Epigenetic therapies focused on methylation has not only
opened a promising new therapeutic strategy for AD, but
also has emerged as a therapeutic alternative for the man-
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agement of other neurodegenerative disorders as well.
Evaluation of the differential methylation in the samples
form AD subjects has revealed striking similarities with
other neurodegenerative disorders such as vascular dementia,
Huntington’s disorder, bipolar disorder, Parkinson’s disor-
der, Lewy-bodies dementia, etc. [146-148]. Many epigenetic
similarities were observed in the post-mortem frontal cortex
region of the brains of patients suffering from AD and bipo-
lar disorders when evaluated for the genes associated with
CpG methylation, DNA methylation and histone
modifications. Both these disorders demonstrate increased
global DNA methylation, increased histone H3 phosphoryla-
tion and increased methylation at BDNF promoter, along
with reduced methylation of COX-2 promoter gene. Further,
CpG methylation of synaptic markers is also associated with
both conditions with the slight difference such as methyla-
tion of the synaptophysin promoter occurs only in AD and
methylation of drebin promoter occurs only in the case of
bipolar disorder. In both these disorders, the epigenetic fac-
tors have been associated with the increase in the transcrip-
tion and translation of the neuro-inflammatory markers such
as microglial activation markers, TNF-a, astrocytic and IL-
1B [52], along with the increased levels of other markers of
neuro-inflammation (IL1p, CD11b, GFAP, and COX2) and
reduced levels of neurotrophic BDNF, presynaptic and post-
synaptic synaptophysin and drebin [148]. Further, ANKI1
hypermethylation is observed during AD, Parkinson’s disor-
der and Huntington’s disorder. Vascular Dementia or Lewy
bodies Dementia also show enhanced ANK1 hypermethyla-
tion, however, this is only observed when there is coexisting
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AD pathogenesis [147]. These observations demonstrate that
the epigenetics could emerge as a promising therapeutic
strategy for the management of neurodegenerative condi-
tions, beyond the focus of AD. Fig. 3 gives a simple sche-
matic presentation of the influence of major epigenetic al-
terations on the core pathological steps in the progression of
Alzheimer’s disease

CONCLUSION AND FUTURE PERSPECTIVE

In this review, we have focused on providing a concise
overview of the progress made so far in the epigenetic impli-
cations during the pathogenesis and therapeutics of AD. Re-
search work on identifying epigenetic insights into the
pathogenesis and progression of AD is still in its initial
phase, but still, has revealed some commendable advance-
ment which is capable of changing the therapeutics of AD
tremendously. Epigenetic modifications have been exten-
sively documented in the peripheral blood samples and post-
mortem brain samples from AD patients which suggest the
significance of epigenetic modifications in the development
and progression of AD pathogenesis. From this review, the
existence of a very strong and direct association between AD
and epigenetic dysregulation can be concluded, especially
that of DNA methylation and histone modifications which
include acetylation and deacetylation. This review also con-
cludes that targeting epigenetic markers can be a crucial
therapeutic strategy for the management and early diagnosis
of neurodegenerative disorders like AD. However, certain
conflicting findings which debate the association of epige-
netic modifications and AD cannot be ruled out, though very
few such findings are available, which may be due to lesser
sample size, different experimental techniques employed or
due variations in samples used for testing [48].

One of the prime reasons for some conflicting reports
may be the fact that different cells or neuron types in differ-
ent regions of the brain demonstrate different methylation
levels. Such a difference has been reported in the same re-
gions of the brain as well [148]. Conclusive evidence for
epigenetic association with AD has been developed from the
peripheral blood samples and post-mortem brain samples of
the AD patients. This has provided us with the potential pe-
ripheral biomarkers for AD progression and can have
marked therapeutic potential in early diagnosis and treatment
of AD [47]. Although, some correlation between peripheral
epigenetic modifications and central epigenetic modification
has been established from the samples collected from AD
patients, still, it is unclear to what extent the peripheral
changes can be correlated correctly to the changes in CNS
and to the AD progression. However, these findings are still
in their initial stages and need extensive research before con-
firming them as a potential biomarker to check the progres-
sion of AD. A recent study suggests that just 8% of the pe-
ripheral epigenetic changes can be correlated to the epige-
netic changes observed in the brain, suggesting that only a
fraction of peripheral epigenetic changes can be correlated to
the CNS [149]. Although this study was conducted on pa-
tients with epilepsy rather than AD, the same trend can be
expected for AD which may critically limit the use of pe-
ripheral markers for the therapeutics of AD.
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The therapeutic strategy for the management of AD is not
fully effective to date. No doubt currently available therapeu-
tic can slow down the progression of AD, but they only pro-
vide symptomatic relief from AD and it continues to pro-
gress. Epigenetic modulators, such as HDAC inhibitors, have
demonstrated therapeutic potential and have been approved
for the management of AD. However, these are also in their
initial stages and extensive research needs to be done to de-
rive conclusive evidence for the benefit of these strategies
for AD management. Despite all these possible debates, ex-
tensive research targeting epigenetics has revealed very in-
teresting findings and their modulations with the help of
some herbal or synthetic intervention can provide us with the
solution to prevent the progression of AD, besides reversing
the damage already inflicted by AD progression. Taking into
consideration that epigenetic changes are reversible, whether
they are due to environmental factors, age or due to other
risk factors, targeting these changes may be a promising
strategy for the management of AD and other neurodegen-
erative conditions [80, 150].

Overall, it is clear from the literature and extensive re-
search so far that epigenetic modulations can be a crucial
therapeutic strategy for the management of AD yet the in-
depth analysis of mechanisms involved is highly desired.
This may be achieved by taking a larger sample size, with
necessary age, environmental and disease controls. It will
also be interesting to identify some peripheral biomarkers
which can show a significant correlation with the CNS as-
pects of AD and therefore can be a vital tool for the preven-
tion and early diagnosis of AD.
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