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ABSTRACT:

Dementia, a spectrum of neurodegenerative
disorders characterized by progressive cognitive
decline, poses an escalating global health burden.
While the role of genetic mutations in its
pathogenesis is well-established, the dynamic and
reversible modifications of the epigenome offer
new insights into the mechanisms underlying
neurodegeneration. Neuroepigenetics, the study of
these modifications in the nervous system, explores
how DNA methylation, histone modifications, and
non-coding RNAs regulate neuronal gene
expression and function. This review delves into
the epigenetic landscape of dementia, examining its
contributions to pathogenesis and highlighting
advances in diagnostic biomarkers and therapeutic
strategies. By integrating neuroepigenetics into
precision medicine, this burgeoning field holds
promise for transformative approaches to dementia
management.
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l. INTRODUCTION

A major global health concern, dementia
is an umbrella term for a \variety of
neurodegenerative illnesses marked by progressive
cognitive deterioration. Over 55 million people
globally suffer from dementia, and as populations
age, the socioeconomic burden is expected to
increase. The specific mechanisms underlying its
pathological hallmarkssuch as tau tangles, amyloid-
beta plaques, and neuroinflammationremain
unclear despite gains in our knowledge of them.
There is a pressing need for innovative, efficient
methods because current therapeutic procedures
mostly address symptoms rather than changing the
course of the disease.

In the pathophysiology of dementia, the
interaction between environmental factors and
genetic predispositions has historically

concentrated on fixed genomic alterations. The
dynamic and reversible changes that control gene
expression and brain activity are ignored by this
viewpoint, though. The study of these changes,
which include DNA methylation, histone
modification, and non-coding RNAs, is known as
epigenetics, and it has become a ground-breaking
topic, especially when considering
neurodegenerative illnesses. A potent foundation
for figuring out the molecular causes of dementia
and pinpointing useful targets for precision
treatments is provided by neuroepigenetics, the
application of epigenetic principles to the nervous
system.

The emerging topic of neuroepigenetics is
examined in this review, with a focus on how it
could transform dementia diagnosis and treatment.
With an emphasis on Alzheimer's disease (AD),
vascular dementia (VaD), and associated disorders,
it investigates the role that epigenetic pathways
play in the pathophysiology of dementia. Along
with innovative epigenetic treatments targeted at
halting or lessening neurodegeneration, it also
emphasizes the use of epigenomic biomarkers in
early detection and disease = monitoring.
Researchers and clinicians can create customized
interventions that address the diverse and complex
character of dementia by incorporating
neuroepigenetics into the larger field of precision
medicine.

The Epigenetic Dynamics Underlying Dementia

Epigenetic process disruption is closely
associated with neurodegenerative illnesses such as
dementia. This section highlights the significance
of the three main epigenetic pathwaysDNA
methylation, histone modifications, and non-coding
RNAs (ncRNAs)in the pathophysiology of
dementia.
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1. DNA Methylation :

DNA methylation is a crucial epigenetic
regulator of gene expression that occurs when
cytosine residues in CpG dinucleotides are
modified by the addition of a methyl group.Adding
a methyl group to the DNA molecule is known as
DNA methylation, and it is a crucial regulatory
process in gene expression. Neurodegeneration and
cognitive  impairment in  neurodegenerative
illnesses have been linked to aberrant DNA
methylation patterns. Neurotoxic proteins like
amyloid-beta (AP) in Alzheimer's disease (AD) can
be activated due to hypomethylation of the
promoter regions of specific genes.
Neuroprotective genes can be silenced by
hypermethylation, on the other hand.Research has
shown that dementia sufferers' brains exhibit
changes in DNA methylation, which raises the
possibility that these epigenetic modifications
could act as early indicators or targets for
treatment. The potential of modifying epigenetic
modifications to prevent or treat dementia is further
highlighted by the effect of environmental factors,
including stress, food, and pollutants, on DNA
methylation patterns in the brain.

It is  becoming more  widely
acknowledged that dysregulated DNA methylation
is a characteristic of dementia:The addition of a
methyl group to the DNA molecule, or DNA
methylation, is a crucial regulatory mechanism in
the expression of genes. Cognitive decline and
neurodegeneration have been linked to aberrant
DNA methylation patterns in neurodegenerative
illnesses. Amyloid-beta (AP) is one neurotoxic
protein that can be activated in Alzheimer's disease
(AD) due to hypomethylation of the promoter
regions of several genes. Neuroprotective genes, on
the other hand, can be silenced by
hypermethylation.

The two types of methylation are:

e Hypomethylation and Hypermethylation:In
Alzheimer's disease (AD), certain genes
implicated in tau pathology (MAPT) and
amyloid-beta  production  (APP) exhibit
aberrant methylation patterns. For instance ,
although hypomethylation might result in the
overexpression of harmful genes,
hypermethylation suppresses genes necessary
for neural defense.

o Age-Associated Changes: A well-established
characteristic in aging brains is global DNA
hypomethylation, which makes them more

vulnerable to neurodegenerative processes.
Inflammation, oxidative stress, and protein
misfolding are all made worse by this age-
dependent epigenomic drift, which also
contributes to cognitive decline.

The dynamic character of DNA methylation
presents opportunities for therapeutic targets and
diagnostic indicators. Bringing methylation levels
back to baseline may slow the progression of the
disease.

2. Histone modifications :

Histone proteins use post-translational
changes including acetylation, methylation, and
phosphorylation to arrange DNA into chromatin
and control gene expression. Both transcriptional
activity and chromatin accessibility are determined
by these alterations.

Histone Acetylation:

Proper histone acetylation is essential for
synaptic plasticity and memory consolidation.
In dementia, dysregulated acetylation alters the
transcription of genes critical for neuronal health,
impairing learning and memory processes.

Histone Deacetylases (HDACS):

When HDACs are overactive, they suppress genes
that protect neurons, which exacerbates
neurodegeneration.

3. Non-Coding RNAs

Long non-coding RNAs (IncRNAs) and
microRNAs (miRNAs) are both involved in the
post-transcriptional control of gene expression.
These compounds have the ability to alter how
neurons function and have a role in
neurodegenerative illnesses. Alzheimer's disease
has been linked to dysregulation of mMIRNA
profiles, especially those that target tau and
amyloid precursor protein (APP). On the other
hand, LncRNAs have been linked to epigenome
regulation and may be used as new biomarkers or
therapeutic targets in dementia. It has been
demonstrated that a number of IncRNAs, including
BACEL1-AS, control the processing of amyloid
precursor proteins, which may provide novel
approaches to targeted treatment.
Epigenetics in the Pathophysiology of Dementia
Alzheimer's Disease

Tau tangles and amyloid-beta plaque
buildup, which results in neuronal death, are
hallmarks of Alzheimer's disease. It has been
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demonstrated that epigenetic changes, such as
DNA methylation and histone acetylation, affect
the expression of genes related to tau
phosphorylation and amyloid processing. Recent
research has further implicated epigenetics in the
pathophysiology of Alzheimer's disease by
identifying abnormal DNA methylation in the
APOE gene, a significant risk factor for the
disease. Histone alterations have also been
connected to the development of tau tangles and
amyloid plaques, and HDAC inhibitors are
showing promise as treatment options for reversing
these alterations.

Parkinson's Disease

Epigenetic pathways also have a role in
Parkinson's disease, which is defined by the
progressive loss of dopaminergic neurons in the
substantia nigra. It has been demonstrated that
miRNA regulation and histone changes alter the
expression of genes related to neuroinflammation,
mitochondrial function, and oxidative stressall of
which are essential components of Parkinson's
disease pathophysiology. For example, it has been
demonstrated that the advancement of Parkinson's
disease is correlated with elevated methylation of
the LRRK2 gene, which codes for a protein kinase
associated with the condition.

Additional Neurodegenerative Conditions

Huntington's disease (HD) and
frontotemporal dementia (FTD) are two more types
of dementia in which epigenetic changes are
implicated. Affected DNA methylation patterns
have been associated with aberrant regulation of
the tau protein-encoding MAPT gene in FTD,
whereas histone deacetylases modulate the mutant
HTT gene in HD.These changes highlight the
wide-ranging effects of epigenetic regulation in
neurodegenerative illnesses.

The Influence of Epigenetics on Dementia and Its
Role in Aging

Age-related epigenetic alterations have
been demonstrated to have a role in the
development of neurodegeneration, and aging is a
major risk factor for dementia. These alterations,
which can interfere with neuronal gene expression,
include site-specific hypermethylation and global
DNA hypomethylation. According to studies,
pharmaceutical or gene editing treatments that
reverse age-related epigenetic alterations may help
restore brain function and postpone the onset of
dementia.Furthermore, aging and

neurodegeneration have been connected to the
deregulation of genes involved in synaptic
plasticity, such as BDNF (brain-derived
neurotrophic factor).

The Promises and Difficulties of Precision
Therapeutics
Tailored Epigenetic Treatments

A special chance for therapeutic
intervention is presented by the reversibility of
epigenetic changes. The goal of personalized
epigenetic treatments is to alter particular
epigenetic markers linked to neurodegenerative
illnesses. For instance, small molecules that target
histone deacetylases (HDAC inhibitors) or DNA
methyltransferases (DNMT inhibitors) have shown
promise in preclinical models and early clinical
trials for Alzheimer's and Parkinson's diseases.The
potential of CRISPR/Cas9-based epigenome
editing to produce more accurate epigenome
changes has been investigated in recent research.

New Therapeutic Prospects

The potential of a number of medication
types, including as DNMT inhibitors (5-
azacytidine), HDAC inhibitors (valproic acid), and
miRNA mimics or inhibitors, to alter the
epigenome in neurodegenerative illnesses is being
investigated. Their safety and effectiveness in
treating diseases like Huntington's, Parkinson's, and
Alzheimer's are being investigated in early-stage
trials. Additionally, studies on artificial substances
that alter chromatin remodeling complexes, like
BRD4 inhibitors, are showing promise in the
treatment of Alzheimer's disease.

Challenges and Limitations

Although epigenetic treatments have a lot
of potential, there are still a number of obstacles to
overcome. Targeting certain genes without causing
off-target effects is challenging due to the complex
and dynamic structure of the epigenome, and the
blood-brain barrier (BBB) restricts the transport of
many epigenetic-modulating medications to the
brain. Additionally, more research in clinical trials
is required to determine the long-term safety and
effectiveness of these treatments. Overcoming
these obstacles will need the creation of more
efficient delivery methods and a deeper
comprehension of epigenetic control in various cell

types.
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Il.  CONCLUSIONS

Neuroepigenetics is a rapidly emerging
and incredibly promising field that has the potential
to completely transform the treatment of
neurodegenerative diseases, particularly dementia.
The intricate and dynamic changes in the
epigenome, which include modifications to DNA,
histones, and RNA molecules, primarily regulate
gene expression in the brain. Neuroinflammation,
synaptic plasticity, and neuronal functionsall of
which are impaired in dementia and Alzheimer's
diseaseare significantly impacted by these
alterations, which can be brought on by histone
modifications, DNA methylation, or the regulation
of non-coding RNAs like microRNAs and long
non-coding RNAs (IncRNAs).

A deeper comprehension of the
epigenomic  landscape in  neurodegenerative
diseases enables the creation of tailored treatments
that may change the underlying molecular
processes causing disease progression. For
example, altering specific epigenetic markers may
restore normal gene expression profiles, reduce the
accumulation of toxic proteins, and enhance
neuronal survival and function. When it comes to
dementia, this approach is particularly alluring
because most current therapies focus on symptom
management  rather than  addressing  the
fundamental causes of the condition.

For individuals with Alzheimer's and other
types of dementia, individualized therapies based
on unique epigenomic profiles may provide more
efficient and customized interventions, leading to
better results. In addition to being biomarkers for
early diagnosis, epigenetic modificationslike those
affecting microRNAs or IncRNAsmay also be
therapeutic targets, allowing the development of
medications that target the underlying epigenetic
dysregulation in these illnesses.

Nevertheless, there are still a lot of
obstacles to be addressed in spite of the enormous
promise of neuroepigenetic treatments. Since the
blood-brain barrier makes it difficult to effectively
address epigenetic regulators to the brain, drug
delivery continues to be a substantial obstacle.
Additionally, in order to prevent off-target effects
that can interfere with regular cellular processes,
the specificity of epigenetic treatments needs to be
guaranteed. To reduce hazards connected with
epigenetic modulation, safety concernsspecifically,
the long-term effects of changing the
epigenomemust also be carefully investigated.

As a result, even though neuroepigenetics
presents promising opportunities for precision

medicine in dementia, these issues still require a
great deal of research. Unlocking the full
therapeutic potential of epigenetic treatments will
need continued research into the molecular
mechanisms underlying epigenetic regulation in the
brain, as well as developments in drug delivery and
gene-editing tools. With sustained work, epigenetic
treatments have the potential to transform dementia
care and provide patients and their families new
hope.

REFERENCE

[1]. Geldmacher, D. S., et al. (2020). DNA
methylation and Alzheimer’s disease:
Implications for understanding
pathogenesis and identifying biomarkers.
Frontiers in Neurology, 11, 600.

[2]. Lopes, M., et al. (2021). Histone
deacetylase inhibitors as therapeutic
agents in Alzheimer's disease: Current
perspectives. Neuropharmacology, 183,
108422.

[3]. He, Y., et al. (2022). Non-coding RNAs in
Alzheimer’s disease: From mechanism to
therapy. Frontiers in Molecular
Neuroscience, 15, 701587.

[4]. Tiwari, S. K., et al. (2020). The role of
DNA methylation in Alzheimer’s disease
pathogenesis. Epigenetics, 15(3), 275-292.

[6].  Zhao, Y., et al. (2020). Epigenetics and
Parkinson’s disease: Insights from histone
modification and non-coding RNA.
Journal of Parkinson’s Disease, 10(4), 1-
12.

[6]. Wang, X., et al. (2021). Epigenetics in
frontotemporal dementia: A role for
histone modification. Neurobiology of
Aging, 92, 170-177.

[71. Zhang, X., et al. (2021). Age-related
epigenetic  changes in the brain:
Implications for Alzheimer’s disease.
Aging and Disease, 12(5), 1272-1284.

[8]. D’Anselmi, F., et al. (2021). Histone
methylation and the regulation of
Alzheimer's disease pathogenesis. Journal
of Neuroscience Research, 49(1), 98-115.

[9]. Gotz, J., et al. (2020). Epigenetic
regulation of synaptic plasticity in
neurodegenerative diseases. Frontiers in
Neuroscience, 14, 472.

[10]. Hernandez, D., et al. (2020). The role of
LRRK2 in Parkinson’s disease
pathogenesis: Epigenetic  perspectives.
Neurobiology of Disease, 138, 104820.

DOI: 10.35629/4494-1001184188

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 187



W

7

UPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 10, Issue 01 Jan-Feb 2025, pp: 184-188 www.ijprajournal.com

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

Zhang, J., et al. (2020). Global DNA
methylation patterns in  Alzheimer’s
disease and related neurodegenerative
disorders. Epigenetics, 15(4), 1-15.
Zoghbi, H. Y., et al. (2021). Mutations in
histone modifiers and their impact on
neurodegenerative disease. Annual
Review of Neuroscience, 44, 321-341.
Joffe, B., et al. (2020). Epigenetic
regulation of tau and amyloid precursor
protein genes in Alzheimer’s disease.
Neurology, 94(2), 87-96.

Haghani, A., et al. (2020). Non-coding
RNAs in neurodegeneration: Potential
targets for gene therapy. Neuroscientist,
26(6), 590-601.

Zhang, L., et al. (2020). CRISPR/Cas9-
based epigenome editing for Alzheimer’s
disease. Cell Reports, 32(4), 107904.
Carbone, L., et al. (2021). Role of
epigenetic modifications in the
pathogenesis of Alzheimer's disease.
Current Alzheimer Research, 18(6), 519-
528.

Sampaio, C., et al. (2021). Epigenetic
biomarkers in Alzheimer’s disease: New
perspectives  in  clinical  research.
Neurobiology of Disease, 146, 105102.
Wang, Z., et al. (2021). Long non-coding
RNAs in Parkinson’s disease: Regulatory
mechanisms and therapeutic potential.
Neurochemical Research, 46(5), 1192-
1202.

Zhao, J., et al. (2021). Histone deacetylase
inhibitors in neurodegenerative diseases:

[20].

[21].

[22].

[23].

[24].

[25].

Recent advances and future perspectives.
Journal of Neurochemistry, 158(2), 420-
435,

Torkamani, A., et al. (2020). Genomics
and epigenetics of neurodegeneration.
Molecular Psychiatry, 25(3), 577-587.
Morozova, E., et al. (2021). Epigenetic
regulation of neuroinflammation in
Alzheimer's disease. Neuroinflammation
Research, 23(7), 832-848.

Johnson, M., et al. (2021). Decoding the
role of epigenetic regulation in cognitive
decline and neurodegenerative diseases.
Frontiers in Aging Neuroscience, 13,
654208.

Smith, A. G., et al. (2020). Chromatin
remodeling in  Alzheimer's disease:
Implications for epigenetic therapies. Cell
Reports, 31(9), 107866.

Bagnoli, S., et al. (2020). Epigenetic
therapies in  Alzheimer’s  disease:
Challenges and future perspectives.
Experimental Neurology, 323, 113133.
Green, C. A, et al. (2020). Epigenetic
modulation in the treatment of
neurodegenerative diseases: Novel
approaches and therapeutic strategies.
Molecular Neurobiology, 57(4), 1439-
1456.

DOI: 10.35629/4494-1001184188

Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 188



