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Introduction
Neurodegeneration usually refers to a progressive impairment of 

the structure and function of nerve cells ultimately leading to their 
damage and death. The consequences of such neurodegenerative 
processes are usually observed as loss in motor neuron functions, 
impaired sensory abilities, decline in memory and cognitive abilities 
along with hindrances in functioning of several organs and organ 
systems. Some of the common neurodegenerative disorders include 
alzheimer’s disease, Parkinson’s disease, Huntington’s disease and a 
comparatively rarer condition called Amyotrophic Lateral Sclerosis 
(ALS). However, these comprise the most prominent nervous disorders 
amongst the rest. Huntington’s disease is occasionally encountered by 
juveniles, while the majority of these neurodegenerative disorders are 
seen in aged and elderly people with (familial) or without (sporadic) 
a history of occurrence in their family. Therefore, the science of 
ageing relies significantly on addressing such ageing and senescence-
linked neurodegenerative disorders. Nevertheless, better healthcare 
and medical facilities have reinforced our idea of living a better and 
healthier aged life with higher life expectancy. Additionally, given the 
slow onset and progressive increase in the disease phenotype, a major 
limitation in the treatment of neurodegenerative disorders has been 
the delayed diagnosis at the clinics and careless attitude of patients and 
their family towards initial signs and symptoms at home or work place.

Therefore, the needs for understanding the biology of these disorders 
are enormous and unfortunately till date we have succeeded very little in 
this direction. Cases with neuronal diseases are on the rise and the lack of 
an effective therapeutic strategy has limited our approach in responding 
to these disorders effectively. Usually neurodegenerative disorders are 
complex in nature, involving both genetic and environmental paradigms 
and thus hinders in designing and development of therapeutics. This 
review paper aims to bridge the gap in understanding the causative factors 
and their interactions among themselves leading to neurodegenerative 
disorders. It becomes highly imperative to understand the disease 

biology, identify unique signature marks and look for molecules and 
structural entities associated with such diseases to develop an effective 
remedy targeted against neurodegenerative disorders.

Epigenetics of Neurodegeneration
Neurodegenerative diseases exhibit multifactorial pathology 

involving genetic and epigenetic components working together in 
response to environmental stimuli. Of which genetic factors are the 
unalterable causal elements and the epigenome encompasses the 
factors which are more dynamic, modifiable and heritable (when found 
in germ cells). These changes, such as acetylation, phosphorylation, 
methylation, sumoylation or ubiquitination of histones/ histone tails/
DNA are executed by their respective writer, reader and eraser enzymes 
like HDACs (Histone deacetylases), HATs (Histone acetyl transferases), 
Sumo1/2 (Sumoylation factors ), DNMT (DNA methyl transferases) 
etc. Such events of variable histone and DNA modifications are 
believed to establish a “histone-code” instructing the genes to be either 
transcriptionally active or inactive. Environmental influences in form 
of chemical, physical or nutritional factors participate in enriching or 
depleting these histone codes depending on the cellular context and 
even can target the proteosomal degradation of host cellular proteins 
via ubiquitin deposition. Therefore the expression of genes especially 
those at labile genomic regions potentially affects the adult phenotype. 
Since the epigenome presents a landscape of cellular and genomic 
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plasticity, it constantly fluctuates within cells and tissues in response to 
changing environmental cues. In this section we specifically focus on 
epigenetic modifications as central mediators of the nexus between the 
environment, genes and host system. The role of epigenetics in regulation 
of various neurobiological and cognitive processes like development of 
early brain, creation of memory, learning as well as synaptic plasticity 
have been well documented in recent years. Moreover, incidences of 
many neurological disorders, including Alzheimer’s, Huntington and 
Parkinson’s diseases have also been established to be a consequence of 
pathologically modified epigenetic milieu of the causal genes.

Epigenetics and Biology of Neurodegeneration
Alzheimer’s disorder

Alzheimer’s disease International reports approximately 44 
million people (i.e., 1 in 4 individuals) worldwide to be suffering from 
Alzheimer’s disease with highest prevalence exhibited in Western 
Europe (http://www.alz.co.uk/research/world-report-2015) (Figure 
1). It is also one of the leading causes of physical and cognitive 
disabilities among elderly individuals with 2 women reported for every 
3 Alzheimer’s patients [1]. The disease initiates gradually with several 
discernible symptoms like short term memory loss (Figure 1) [1]. In 
addition, with the progression of disease several other noticeable 
symptoms including difficulty in language usage and processing, 
disorientation, inability in self-care, volatile mood swings and acute 
dementia are exhibited (Figure 1) [2]. In the later stages, the patients 
often show critical symptoms of complete speech and memory loss 
and become dependent on the caregivers lacking the competence to 
perform even simple tasks independently (Figure 1).

With respect to the age of onset and the associated genetic 
predisposition, Alzheimer’s is usually categorized into two types. The 
early onset familial Alzheimer’s comprises only 5-10% of all the cases 
and exhibits an autosomal dominant inheritance pattern. The physio-
pathology of the disease involves contributory effects from many genes 
(Figure 1). Typically, the occurrence of intracellular neurofibrillary 
tangles along with the phosphorylated Microtubule Associated Protein 
Tau (MAPT) and extracellular plaques carrying aggregated Amyloid 
beta (Aβ) protein characterizes the presence of the Alzheimer’s 
Disorder (Figure 1) [3-5]. Usually the early onset subtype is noticed 
within mid-40s and 50s and is attributable to mutations in any of three 
key genes like Amyloid Precursor Protein (APP) (Figure 1), Presenilin 
1 (PSEN 1) and Presenilin 2 (PSEN 2) [6]. Increased production of 
Aβ-42 protein due to mutations in PSEN 1 or aberrations in PSEN2 
leading to alteration in the homeostatic ratio of Aβ-42 to Aβ-40 are 
associated with familial Alzheimer’s [7]. In addition, TREM 2, has also 
been known to increase the susceptibility of an individual 3 to 5 times 
for developing the early onset familial Alzheimer’s [8]. 

While only a few cases of Alzheimer’s comprise the familial type, 
the majority i.e., 90-95% of the cases are late onset (occurring after 60-
65 years of age) and non-familial kind. Risk factors attributable to such 
cases originate from environmental triggers and genetic factors leading 
to sporadic cases of the disease. Located on the chromosome 19q13, 
the APOE (Apolipoprotein E) gene has been linked to the incidence 
of non-familial, sporadic Alzheimer’s. The APOE ε4 allele enhances 
the predisposition for disease although less than 50% of the late onset 
cases are carriers of this allele. On contrary, ε2 and ε3 alleles have been 
designated to confer a relative protection from the neurodegenerative 
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Alzheimer’s Disease 
Huntington’s Disease Parkinson’s Disease Amyotrophic Lateral Sclerosis 

Figure 1: The common neurodegenerative disorders and their associated disease hallmarks. In this paper we have discussed in details about Alzheimer’s disease, 
Parkinson’s disease, Huntington’s disease and Amyotrophic Lateral Sclerosis. This figure summarizes there statistical prevalence, disease onset and progression 
phenotype and the hallmark features like formation of intracellular fibrillary tangles, extracellular plaques and Lewy bodies. The representative images are brain MRIs 
of each specific neurodegenerative disorder.
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disorder [9]. In addition, recent genome wide association studies 
(GWAS) have brought forth a total of 19 candidate genes that pose risk 
for onset of sporadic, late onset Alzheimer’s Disorder [10].

Epigenetics and Alzheimer’s disease

Patients with Alzheimer’s disease frequently exhibit insufficient 
levels of serum folate along with deficiencies of S- adenosylmethionine 
(SAM) and methionine S-adenosyltransferase in the cerebrospinal fluid 
(CSF) leading to atrophic cerebral cortex. A further elevated level of 
S-adenosylhomocysteine (SAH) (a methyltransferase inhibitor) has 
been observed in the brain of Alzheimer’s patients (Figure 2) [11]. 
Such an inhibition of methyltransferase results in the silencing of 
genes ultimately leading to aberrant gene transcription and cognitive 
failure, as observed in the disease. In addition, the promoter region of 
the APP gene in patients below 70-years bear significantly lesser DNA 
methylation (5 mC i.e., 5-methylcytosine) in comparison to those above 
70 years, substantiating the possibility of elevated Aβ deposition and 
disease progression (Figure 2). Fuso et al. in an in vitro study confirmed 
that insufficiencies of folate and vitamin B12 in culture medium 
regulate DNA methylation of the BACE1 and PSEN1 genes leading 
to an increased production of Aβ (Figure 2). Additionally Alzheimer’s 
patients exhibit altered 5 mc levels in the brain and lymphocytes 
along with altered expression of genes like APOE and PSEN1 
(required for Aβ processing), DNA methyltransferase-1 (DNMT1) 
and methylenetetrahydrofolate reductase (MTHFR- required for 
methylation homeostasis) (Figure 2). Moreover, the adult human 
brain with Alzheimer’s exhibits globally enhanced hypermethylation, 
increased 5 mC and 5 hmC (5-hydroxymethylcytosine; oxidation 
product of 5 mC) levels in neurons but not in microglia and astrocytes. 

Apart from the much explored role of DNA methylation, there are 
indications of role of HATs HDACs, HMTs, HMDs and HPRTs as 
modulators in Alzheimer pathology (Figure 2). For example, recent 
findings from a clinical trial have shown a strong negative correlation 
of the levels of SIRT1 (Sirutinin-1 belonging to HDAC III family) 
with that of Aβ and fibrillary tau proteins in the cerebral cortex of 
Alzheimer’s patients. This implies that this HDAC family of proteins 
can help to ameliorate the signature marker and progression of AD. 
Further a recent study Turner et al. have shown that resveratrol can 
effectively and safely cross the blood brain barrier to induce cerebral 
effects and in case of a randomized double blind-placebo controlled 
study, it has shown to downregulate the levels of AD biomarkers like 
Aβ 40/42 and hyperphosphorylated tau both in blood plasma and CSF.

Parkinson’s disorder

Amongst all neurodegenerative disorders, the Parkinson’s disease 
is the second most common after Alzheimer’s. According to the 
Parkinson's disease Foundation (PDF), with an average onset age of 
60 years, it affects more than 4 million people worldwide [11]. The 
gender-based prevalence of Parkinson’s with age reflected a steep bias 
in favor of males with higher incidence rates within the age brackets 
of 60-69 years than that of 70-79 years for females (Figure 1). The 
effect is speculated to be due to the presence of higher estrogen level 
in females. Interestingly, a greater extent of heterogeneity has been 
noticed for patients above 80 years as the disease varies in an age and 
gender-dependent manner during later years of life [12]. Parkinson’s 
disease primarily afflicts the motor neurons of the central nervous 
system. Characterized by four cardinal symptoms – resting tremors, 
Bradykinesia (slow and decreased movement), muscular rigidity as well 
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Figure 2: List of major and significant epigenetic changes associated with different neurodegenerative disorders. Each of the four neurodegenerative disorders 
namely Alzheimer’s  disease,  Parkinson’s  disease,  Huntington’s  disease  and  Amyotrophic  Lateral Sclerosis have different forms of epigenetic modifications like 
methylation, acetylation, ubiquitination and interference of microRNAs etc. This figure highlights the key modifications.
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as postural inability, patients display a loss of dopaminergic neurons in 
substantia nigra region of the midbrain, often reflected as involuntary 
writing movements (Figure 1) [13]. Characteristically, there is an 
eosinophilic intracellular accumulation known as α-synuclein protein 
that form Lewy Bodies (Figure 1) [14,15]. The genetic risk factors 
for the development of familial forms Parkinson’s include 16 genes, 
ranging from PARK1 to PARK16. These genes have been known to be 
correlated with the autosomal (dominant and recessive) and X-linked 
variants of the disease [16,17]. Collectively, the genes of this group code 
for various proteins such as α-synuclein (SNCA/PARK1 or 4), parkin 
(PRKN/PARK2), leucine-rich repeat kinase 2 (LRRK2/PARK8), PTEN-
induced putative kinase 1 (PINK1/PARK6), protein deglycase (DJ-1/
PARK7) and probable cation-transporting ATPase 13A2 (ATP13A2/
PARK9) [17]. Specifically events like point mutations, gene duplication 
or triplication of SNCA and point mutations in LRRK2 have been 
implicated in the autosomal dominant forms of the disease. The 
autosomal recessive form of this disease is associated with DJ-1 and 
PINK1 mutations [18-21].

In contrast, preponderance of the sporadic form of Parkinson’s 
largely arises from a combination of genetic and environmental triggers 
rendering it non-heritable. Mutations of the promoter region of SNCA 
(Fuchs et al.), polymorphisms located in DJ-1 (De Marco et al.), point 
mutation variants of LRRK2 (Chan et al.) and MAPT expression of Tau 
protein (Towin et al.) predispose an individual for Parkinson’s Disease 
in older years of life.

Epigenetics and Parkinson’s disease: In Parkinson’s Disease, a 
correlation between neurodegeneration and epigenetics has not been 
extensively exploited so far. However, several genes common to both 
Parkinson’s and Cancer carry an abnormal methylation pattern in the 
latter, indicating a possible shared similarity in the former [21,22]. 
In another study, SIR2 (a NAD dependent HDAC) mediated rescue 
of dopaminergic neurons by inhibiting aggregation of α-synuclein 
suggested a plausible mechanism of disease progression and regulators 
to influence the same. Modified DNA methylation profiles in Parkinson’s 
patients has also been experimentally confirmed in the brain and blood 
samples, CpG-2 sites at the promoter of SNCA gene in peripheral 
blood leukocytes, intron 1 of the SNCA gene in post-mortem samples 
and HEK293 cell lines (Figure 2). Specifically, hypomethylation 
of promoters of Tumor Necrosis Factor α (TNFα- required for 
mediating neuroinflammation in SNpc cells) and Cytochrome P45 2E1 
(CYP2E1) in clinical cases of Parkinson’s has been reported (Figure 2). 
Furthermore, it has been observed that the promotion of neurotoxicity 
in drosophila and cell culture models of Parkinson’s is associated with 
α-synuclein induced inhibition of histone acetylation. Interestingly, 
this effect could be reversed by administration of HDAC inhibitors 
which implies a role of histone post-translational modifications in the 
disease pathology. For example SIRT1 inhibitors are upregulated in 
most patients suffering from Parkinson’s and thus SIRT1 is potent in 
reducing α-synuclein aggregates by upregulating molecular chaperons 
like HSP70 and co-factors of molecular chaperons like HSF-1 (Heat 
shock factor-1). Correlation of histone modifications with Parkinson’s 
can also be noticed from the fact that a reduction in p300 levels as well 
as its corresponding HDAC activity is brought about by α-synuclein 
in α-synuclein transgenic mice (Figure 2). In addition, micro RNAs 
(miRNAs) have also been correlated with the onset and progression of 
Parkinson’s disease. miRNAs are ~19-25 bp long non-coding RNAs that 
inhibit translation of target mRNAs by binding to their 3’ untranslated 
regions (UTRs) and thereby suppressing protein synthesis. MiRNA-
133b, which is involved in the terminal differentiation and activity of 
dopaminergic neurons, was observed to be diminished in the midbrains 

of the Parkinson’s patients. Expression of α-synuclein is also regulated 
by miRNA-7 and miRNA-153 (Figure 2). Disease-causing aggregation 
of α-synuclein also involves increase in the levels of hsa-miRNA-21, hsa-
miRNA-224 and hsa-miRNA-373, leading to dysregulation of helper 
proteins like Heat Shock Cognate Protein 70 (hsp70) and Lysosomal-
Associated Membrane Protein 2A (LAMP2A), that otherwise assist 
α-synuclein for proper folding, packing and trafficking (Figure 2). 
Various other miRNAs, for example miR-124, miR-205, miR-433 and 
miR-494, have been associated with predisposition towards Parkinson’s.

Huntington’s disease

Also known as Huntington’s chorea (most common polyglutamine 
disorder), this autosomal dominant disorder affects 5-10 cases per 
100,000 people worldwide [22]. The prevalence of this disease shows 
a tenfold variation across various geographic regions of the world 
[23]. Generally, this disease initiates in the middle years ranging 
from 35-45 years although juvenile cases [24] of the same have been 
reported (Figure 1). The earliest symptoms include restlessness, lack of 
coordination as well as saccadic eye movements. These are succeeded 
by characteristic random, jerky and uncontrollable movements called 
Chorea comprising a hallmark of Huntington’s Disorder. However, the 
progression of the disease often leads to a state of complete dysfunction 
with difficulties in chewing, swallowing, speaking and abnormal 
writhing movements [25] along with worsening of cognitive abilities 
and development of neuro-psychiatric disorders (Figure 1) [26]. 
Genetically, Huntington’s Disorder results from an aberrant expansion 
of a trinucleotide repeat (CAG repeats) within the Huntingtin gene 
(HTT). Glutamine (Q) encoded from this CAG repeat is expressed 
in the HTT protein as a Poly-Q stretch near its N-terminal. Usually, 
healthy individuals bear <36 CAG repeats in their HTT gene resulting 
in normal HTT functioning in vesicle trafficking and endocytosis. 
However due to mutation, individuals with more than 36 repeats express 
a mutant HTT (mHTT) protein. These misfolded and aberrant mHTT 
protein is unable to accomplish its synaptic and pro-survival functions. 
A distinctive trait of the disease involve cleavage and aggregation 
formation of Misfolded mHTT within the cell nucleus, cytoplasm and 
neurites [25,27]. With a very high penetrance of the disease, i.e. 50% 
of the offspring with one of the parents afflicted with Huntingtin’s and 
75%-100% of the offspring with both parents afflicted bear the risk 
of developing the disease. Further it also depends upon whether the 
parents bear single or double expanded copies of mHTT gene.

Epigenetics and Huntington’s disease

Likewise, a growing body of evidence proposes epigenetic 
mechanisms to be of prime importance in the huntington’s disease. 
DNA methylation is believed to be the key factor responsible for 
reduced expression of the gene ADORA2A, encoding Adenosine 
A (2A) receptor protein, via enhanced methylation (5 mC) at its 5’ 
UTR (Figure 2). Thus, ADOR2A protein is being considered as a 
potential therapeutic target in huntington’s disorder. Nuclear fractions 
of motor cortex exhibited lower levels of 7-methylguanosine (7 
mG) in comparison to cytoplasmic ones, in such patients. Further, 
the activity of the histone acetyltransferase; CREB Binding Protein 
(CBP- also acts as transcriptional co-activator to RNA-pol II) is 
inhibited by mutant HTT protein (Figure 2). The resultant histone 
hypoacetylation and hypermethylation leads to dysregulated neuronal 
transcription in Huntington’s disease. Also inactive CBP results in 
augmented levels of histone methyltransferase SETDB1/ESET leading 
to enhanced H3K9 hypermethylation and concomitant formation of 
heterochromatic foci in neuronal nuclei of these patients (Figure 2). 



Citation: Singh RK, Satapathy S, Singh A, Bhuyan K (2016) Implication of Epigenetic Modifications in Neurodegenerative Disorders: Traces and 
Imprints. J Clin Cell Immunol 7: 461. doi:10.4172/2155-9899.1000461

Page 5 of 8

Volume 7 • Issue 5 • 1000461
J Clin Cell Immunol, an open access journal
ISSN: 2155-9899 

These events of heterochromatinisation causes synaptic dysregulation 
due to transcriptional disruption of CHRM1 (muscarinic acetylcholine 
receptor 1) protein (Figure 2). Lastly, some preliminary investigations 
of histone ubiquitination and histone phosphorylation point towards 
their possible involvement in the huntington’s pathogenesis (Figure 
2). Apart from post-translational modification of histones, several 
histone deacetylases (HDAC family of proteins) can play a vital role in 
huntington’s disease. A significant HDAC among other is Sirutinin-1 
(SIRT-1) confers protein from toxicity of HTT protein by restoring 
the expression of c-AMP regulated phosphoprotein, dopamine, brain 
derived neurotrophic factor (BDNF is usually declined in huntington’s 
cases).

Amyotrophic lateral sclerosis

Amyotrophic Lateral Sclerosis (ALS), also known as Lou Gehrig 
’s disease, has a much rarer occurrence in comparison to other 
neurodegenerative disorders. This disease prevails variably at different 
geographic locations and about 4 out of every 100,000 people suffer 
from ALS wherein men are 1.5 times more likely to develop it than 
women (Figure 1). This disease usually initiates by late 40s while peak 
form is exhibited in patients in their 60s-70s and declines post 80s. 
Although this disease is associated with old and middle aged people, 
less than 5% cases have been reported in patients below the age of 
25 years. Interestingly majority of ALS cases follow a non-mendelian 
inheritance (sporadic ALS) with only 5-10% of ALS cases exhibiting 
a mendelian pattern of inheritance (familial ALS) (Figure 1). Such a 
motor neuron disease occurs with progressive degeneration of both 
the upper and lower motor neurons. Especially in the limb-onset ALS 
atrophy of the muscles or muscle weakness forms the early symptoms. 
With disease progression, complications in walking, speech and 
swallowing are encountered by the affected patients of the limb/bulbar-
onset ALS (Figure 1). This disease can be fatal when the prolonged 
disease results in wasting of respiratory and motor neurons [28,29]. 
The loss of cognitive abilities and eye movements are generally spared 
until the last stages of ALS29. Majority of the cases are autosomal 
recessive although dominant inheritance have been associated with 
chromosome 9q34 (senataxin, ALS4) [30]. The recessive form of 
ALS have been mapped to chromosomal loci 2q33 (alsin, ALS2), and 
15q12-21 [31,32]. Even though the present studies have remained 
inconclusive upon the complex molecular pathology causing ALS, 
aberrations in several genes have indeed been implicated. The presence 
of toxic, autosomal dominant gain of function (GOF) mutations in 
the SOD1 (Cu-Zn Superoxide dismutase) gene have demonstrated a 
clear correlation with the presence of ALS (familial or sporadic) [33]. 
Mutations in SOD1 results in increased generation of the free radicals 
causing injury to the cell and cell-death [34]. Also several mutations 
are known to form intracellular aggregates of misfolded SOD1 peptides 
[35] leading to interruption of neuronal transport via axons and in 
other cellular processes [35-37]. Other genes considered as causal risk 
factors for familial ALS include Angiogenin (ANG) [38], Alsin (ALS2) 
[39], Senataxin (ALS4) [40], Vesicle Associated Membrane Protein 
(VAPB/ALS8) [41] and Dynactin (DCTN1) (Figure 1) [42]. Apart from 
these, recent studies have demonstrated mutations in Tar DNA-Binding 
Protein TDP-43 (TARDBP), APOE, VEGF (Vascular epidermal growth 
factor) and EAAT2 (Excitatory amino-acid transporter 2) gene in 
case of both familial and sporadic ALS [43] results in increased 
susceptibility to ALS (Figure 2) [44-46]. As evident, both genetic and 
epigenetic cues interfere in normal cellular processes and pathways 
leading to a manifestation of complex neurodegenerative diseases with 
onset, development and evolution. Nevertheless, this complexity does 
not limit itself here. It is further enhanced by the interplay and crosstalk 

interactions among genetic and environmental factors giving rise to the 
diseased state [47-50].

Epigenetics and ALS disease

ALS presents a challenging scenario for exploration of the 
underlying epigenetic pathogenesis of the disease owing to its rare 
nature as well as incomplete understanding of the causal genetic 
factors. However, the small number of studies has indeed served as a 
guide to search for the epigenetic link to ALS [51-54]. Experimental 
investigations based upon human and mice models of ALS have brought 
forth the anomalous expression pattern of a number of DNA methyl 
transferases like DNMT1 and DNMT3a along with resultant aberrant 
methylation of cytosines (Figure 2). Mice undergoing motor neuron 
degeneration bear increased amounts of DNMT3a in the synaptic 
junctions. In addition, accumulation of 5 mC along with DNMT1 and 
3a is often seen in apoptotic motor neurons (Figure 2) [55,56]. Further, 
RG108 and Procainamide induced inhibition of DNMTs protect the 
motor neurons from excessive DNA methylation (Figure 2). Further 
genes with modified global DNA methylation and hydroxymethylation 
levels have been identified in the post-mortem spinal cord samples 
from both, early and late onset ALS patients. Apart from these possible 
connections of the ALS with epigenetic modulators like HATs, HDAC 
and miRNAs have been explored and discussed in detailed elsewhere 
(Figure 2) [57-62]. As discussed in case of other neurodegenerative 
diseases, ALS has also witnessed a significant role of sirutinin genes. 
SIRT-1 and SIRT-2 are known to target SOD-1 aggregates in mouse 
model of ALS and have a highly tissue specific expression patterns, 
suggesting these molecules as therapeutic targets for ALS.

Based upon the above it can be very well established that the 
neuronal and synaptic loss occurring with neurodegeneration can be 
successfully treated by designing and developing an effective strategy 
of epigenetic therapeutics, that aim to target the histone modifications 
and DNA methylation patterns in the affected individuals [63-75].

Epigenetic Therapeutics of Neurodegenerative Disor-
ders

The dynamic epigenetic variations in the genome of the neurons 
are at least in part, if not completely, responsible for the onset, 
development and progression of the neurodegeneration and related 
diseases. Hence, any molecules targeting this epigenomic dynamics, 
presents a novel as well as promising approach for the preventive and 
therapeutic purposes of the degenerative neuronal disorders. With 
hallmark presence of extracellular senile plaques and intracellular 
accumulations of neurofibrillary tangles in the neurons, Alzheimer’s 
accounts for most number of cases of dementia and disabilities in the 
elderly. The genetic components responsible for their development 
have already been discussed above. Clinical studies aimed at treatment 
of Alzheimer’s have affirmed a possible approach wherein in vitro or 
dietary administration of the components required for production of 
SAM like folate, homocysteine and B - group vitamins can be utilized 
to restore methylation levels of PSEN1, protract brain atrophy and 
minimize oxidative stress (Figure 3) [76-94]. In addition, several 
HDAC inhibitors have been developed for the therapeutic strategies 
targeted for Alzheimer’s. These include sodium butyrate, trichostatin-A, 
vorinostat, entinostat, valproic acid, HDAC1i, HDAC3i and sirtuin 
HDACi etc (Figure 3). Alzheimer’s transgenic mice administered 
with sodium butyrate for 4 weeks showed alleviation of Tau protein 
aggregation. Furthermore, a 10 days’ treatment with etinostat and 2 
weeks’ treatment with others like valproate, trichostatin-A etc. resulted 
in reduced senile plaque formation and restoration of memory deficits 
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in mice, respectively [95,96-103]. Similarly, Parkinson’s disease, typified 
by bradykinesia and postural instability, pathologically displays loss of 
dopaminergic neurons and intracytoplasmic inclusions of α-synuclein 
protein called Lewy Bodies in surviving neurons (Figure 1). Subsequent 
neuronal toxicity due to α-synuclein is mediated by its binding to 
histone H3 with concomitant histone acetylation inhibition. However, 
this toxicity can be salvaged by administration of vorinostat or sodium 
butyrate, and, sirtuin 2 101 in various models of Parkinson’s (Figure 
3). In addition, sodium butyrate (Figure 3), in drosophila model, was 
shown to improve locomotive impairment while in rats it rescued from 
cognitive insufficiencies and thwarted oxidative stress by upregulating 
Dj-1(Protein deglycase). While the therapeutic exploitation of majority 
of the epigenetic modulators in treating Huntington’s disease and ALS is 
presently under experimental investigations, some have been reported 
to furnish beneficiary effects. In mouse and drosophila models, 
progressive neuronal degeneration has been found to be remedied 
by HDAC inhibitor treatment. Survival of animals models of ALS is 
bolstered by supplementations of sodium phenylbutyrate, valproate 
combined with lithium and trichostatin-A. Besides, escalated histone 
acetylation, reduced degeneration of neurons and delay in disease onset 
are impediments in developing better epigenetic therapeutics [104-
109].

Conclusion
In conclusion, the partial success of the epigenetic modulators as 

therapeutic mediators of neurodegenerative disorders prerequisites 
additional experimental investigations and clinical trials. Possibility 
of unforeseen side-effects remains a cause of concern because of the 
simultaneous targeting of multiple factors and pathways. Furthermore, 
the impending studies would also require taking into cognizance 
the metabolic and anatomic differences amongst animal and human 
models. The mode of drug administration with dose timings and 
regimen would also be needed to keep in view. Most intriguingly it 
needs to be considered that the probability that certain drugs do not 

function satisfactorily needs to be taken into account. Lastly, several 
dietary supplements such as folate, vitamin-B, flavonoids involved in 
modulation of epigenome could also be evaluated for their preventive 
potential in the case of neurodegenerative diseases. Therefore, our 
present known how of genetics and epigenetics of neurodegenerative 
disorders present us with a complex landscape of intricate crosstalk. 
Given the dynamics and ease of influencing the expression of genes 
without interfering with the sequence, has led to the development 
and appreciation of “epigenome as an effective therapeutic target for 
neurodegenerative diseases”.

Author Contribution

R.K.S and A.S contributed in initial draft designing and manuscript preparation. 
S.S and K.B contributed towards final draft development, figure designing and 
editing.

References

1.	 Burns A, Iliffe S (2009) Alzheimer's disease. BMJ 338: b158.

2.	 Förstl H, Kurz A (1999) Clinical features of Alzheimer's disease. Eur Arch 
Psychiatry Clin Neurosci 249: 288-290.

3.	 Frank EM (1994) Effect of Alzheimer's disease on communication function. JSC 
Med Assoc 90: 417-423.

4.	 Klucken J, McLean PJ, Gomez-Tortosa E, Ingelsson M, Hyman BT (2003) 
Neuritic alterations and neural system dysfunction in Alzheimer’s disease and 
dementia with Lewy bodies. Neurochem Res 28: 1683-1691.

5.	 Cole SL, Vassar R (2007) The Alzheimer’s disease ß-secretase enzyme, 
BACE1. Molecular neurodegeneration 22.

6.	 Waring SC, Rosenberg RN (2008) Genome-wide association studies in 
Alzheimer disease. Arch Neurol 65: 329-334.

7.	 Ray WJ, Ashall F, Goate AM (1998) Molecular pathogenesis of sporadic and 
familial forms of Alzheimer's disease. Mol Med Today 4: 151-157.

8.	 Niemitz E (2013) TREM2 and Alzheimer’s disease. Nature Genetics 4: 11.

9.	 Tanzi RE, Bertram L (2001) New frontiers in Alzheimer's disease genetics. 
Neuron 32: 181-184.

10.	Lambert JC, Ibrahim-Verbaas CA, Harold D, Naj AC, Sims R, et al. (2013) 
Meta-analysis of 74,046 individuals identifies 11 new susceptibility loci for 
Alzheimer's disease. Nat Genet 45: 1452-1458.

11.	de Lau LM, Breteler MM (2006) Epidemiology of Parkinson's disease. Lancet 
Neurol 5: 525-535.

12.	Hirsch L, Jette N, Frolkis A, Steeves T, Pringsheim T (2016) The Incidence 
of Parkinson's Disease: A Systematic Review and Meta-Analysis. 
Neuroepidemiology 46: 292-300.

13.	Weintraub D, Comella CL, Horn S (2008) Parkinson's disease--Part 1: 
Pathophysiology, symptoms, burden, diagnosis, and assessment. Am J Manag 
Care 14: 40-48.

14.	Galpern WR, Lang AE (2006) Interface between tauopathies and 
synucleinopathies: a tale of two proteins. Ann Neurol 59: 449-458.

15.	Kövari E, Horvath J, Bouras C (2009) Neuropathology of Lewy body disorders. 
Brain Res Bull 80: 203-210.

16.	Belin AC, Westerlund M (2008) Parkinson's disease: a genetic perspective. 
FEBS J 275: 1377-1383.

17.	Lesage S, Brice A (2009) Parkinson's disease: from monogenic forms to 
genetic susceptibility factors. Hum Mol Genet 18: R48-59.

18.	Klein C, Schlossmacher MG (2007) Parkinson disease, 10 years after its 
genetic revolution: multiple clues to a complex disorder. Neurology 69: 2093-
2104.

19.	MacLeod D, Dowman J, Hammond R, Leete T, Inoue K, et al. (2006) The 
familial Parkinsonism gene LRRK2 regulates neurite process morphology. 
Neuron 52: 587-593.

20.	Marques SC, Oliveira CR, Pereira CM, Outeiro TF (2011) Epigenetics in 
neurodegeneration: a new layer of complexity. Prog Neuropsychopharmacol 
Biol Psychiatry 35: 348-355.

Epigenetic Therapeutics in Neurodegeneration 

Alzheimer’s- In vitro or dietary 
administration of folate, homocysteine and 
B-group vitamins can be utilized to restore 
methylation levels of PSEN1, protract brain 
atrophy and minimize oxidative stress. 
HDAC inhibitors like sodium butyrate, 
trichostatin-A, vorinostat, entinostat, 
valproic acid, HDAC1i, HDAC3i and sirtuin 
HDACi etc. 

Parkinson’s Disease: Administration of 
vorinostat or sodium butyrate, and, sirtuin 
2 in various animal models. In addition, 
sodium butyrate, in drosophila model, was 
shown to improve locomotive impairment 
while in rats it rescued from cognitive 
insufficiencies and thwarted oxidative 
stress by upregulating Dj-1 . 

Figure 3: Epigenetic Therapeutics in Neurodegenerative disorders. The major 
therapeutic approaches more Alzheimer’s and Parkinson’s diseases has been 
discussed in this figure. The therapeutic approaches for Huntington’s and ALS 
are still under experimentation and validation and thus have been discussed 
in the text.

http://dx.doi.org/10.1136/bmj.b158
http://dx.doi.org/10.1023/A:1026061021946
http://dx.doi.org/10.1023/A:1026061021946
http://dx.doi.org/10.1023/A:1026061021946
https://dx.doi.org/10.1186/1750-1326-2-22
https://dx.doi.org/10.1186/1750-1326-2-22
http://dx.doi.org/10.1001/archneur.65.3.329
http://dx.doi.org/10.1001/archneur.65.3.329
https://www.researchgate.net/publication/222844869_Molecular_pathogenesis_of_sporadic_and_familial_forms_of_Alzheimer's_disease
https://www.researchgate.net/publication/222844869_Molecular_pathogenesis_of_sporadic_and_familial_forms_of_Alzheimer's_disease
http://dx.doi.org/10.1016/S0896-6273(01)00476-7
http://dx.doi.org/10.1016/S0896-6273(01)00476-7
https://dx.doi.org/10.1038/ng.2802
https://dx.doi.org/10.1038/ng.2802
https://dx.doi.org/10.1038/ng.2802
http://dx.doi.org/10.1016/S1474-4422(06)70471-9
http://dx.doi.org/10.1016/S1474-4422(06)70471-9
http://dx.doi.org/10.1159/000445751
http://dx.doi.org/10.1159/000445751
http://dx.doi.org/10.1159/000445751
https://www.researchgate.net/publication/5449223_Parkinson%27s_disease--Part_1_Pathophysiology_symptoms_burden_diagnosis_and_assessment
https://www.researchgate.net/publication/5449223_Parkinson%27s_disease--Part_1_Pathophysiology_symptoms_burden_diagnosis_and_assessment
https://www.researchgate.net/publication/5449223_Parkinson%27s_disease--Part_1_Pathophysiology_symptoms_burden_diagnosis_and_assessment
http://dx.doi.org/10.1002/ana.20819
http://dx.doi.org/10.1002/ana.20819
http://dx.doi.org/10.1016/j.brainresbull.2009.06.018
http://dx.doi.org/10.1016/j.brainresbull.2009.06.018
http://dx.doi.org/10.1111/j.1742-4658.2008.06301.x
http://dx.doi.org/10.1111/j.1742-4658.2008.06301.x
http://dx.doi.org/10.1093/hmg/ddp012
http://dx.doi.org/10.1093/hmg/ddp012
https://dx.doi.org/10.1212/01.wnl.0000271880.27321.a7
https://dx.doi.org/10.1212/01.wnl.0000271880.27321.a7
https://dx.doi.org/10.1212/01.wnl.0000271880.27321.a7
http://dx.doi.org/10.1016/j.neuron.2006.10.008
http://dx.doi.org/10.1016/j.neuron.2006.10.008
http://dx.doi.org/10.1016/j.neuron.2006.10.008
http://dx.doi.org/10.1016/j.pnpbp.2010.08.008
http://dx.doi.org/10.1016/j.pnpbp.2010.08.008
http://dx.doi.org/10.1016/j.pnpbp.2010.08.008


Citation: Singh RK, Satapathy S, Singh A, Bhuyan K (2016) Implication of Epigenetic Modifications in Neurodegenerative Disorders: Traces and 
Imprints. J Clin Cell Immunol 7: 461. doi:10.4172/2155-9899.1000461

Page 7 of 8

Volume 7 • Issue 5 • 1000461
J Clin Cell Immunol, an open access journal
ISSN: 2155-9899 

21.	Abeliovich A, Flint Beal M (2006) Parkinsonism genes: culprits and clues. J 
Neurochem 99: 1062-1072.

22.	Bates G, Tabrizi S, Jones L (2014) Huntington's disease. (Oxford University 
Press (UK).

23.	Rawlins MD, Wexler NS, Wexler AR, Tabrizi SJ, Douglas I, et al. (2016) The 
Prevalence of Huntington's Disease. Neuroepidemiology 46: 144-153. 

24.	Nance MA, Myers RH (2001) Juvenile onset Huntington's disease-clinical and 
research perspectives. Ment Retard Dev Disabil Res Rev 7: 153-157.

25.	Walker FO (2007) Huntington's disease. Lancet 369: 218-228.

26.	Montoya A, Price BH, Menear M, Lepage M (2006) Brain imaging and cognitive 
dysfunctions in Huntington's disease. J Psychiatry Neurosci 31: 21-29.

27.	Ross CA, Tabrizi SJ (2011) Huntington's disease: from molecular pathogenesis 
to clinical treatment. Lancet Neurol 10: 83-98.

28.	Angelini C (2014) Genetic Neuromuscular Disorders 371-372.

29.	Kiernan MC, Vucic S, Cheah BC, Turner MR, Eisen A, et al. (2011) Amyotrophic 
lateral sclerosis. Lancet 377: 942-955.

30.	Chance PF (1998) Linkage of the gene for an autosomal dominant form of 
juvenile amyotrophic lateral sclerosis to chromosome 9q34. Am J Human 
Gene: 633-640.

31.	Hentati A, Bejaoui K, Pericak-Vance MA, Hentati F, Speer MC, et al. (1994) 
Linkage of recessive familial amyotrophic lateral sclerosis to chromosome 
2q33-q35. Nat Genet 7: 425-428.

32.	Hentati A, Ouahchi K, Pericak-Vance MA, Nijhawan D, Ahmad A, et al. (1998) 
Linkage of a commoner form of recessive amyotrophic lateral sclerosis to 
chromosome 15q15-q22 markers. Neurogenetics 2: 55-60.

33.	Vucic S, Kiernan MC (2009) Pathophysiology of neurodegeneration in familial 
amyotrophic lateral sclerosis. Curr Mol Med 9: 255-272.

34.	Liu R, Li B, Flanagan SW, Oberley LW, Gozal D, et al. (2002) Increased 
mitochondrial antioxidative activity or decreased oxygen free radical 
propagation prevent mutant SOD1-mediated motor neuron cell death and 
increase amyotrophic lateral sclerosis-like transgenic mouse survival. J 
Neurochem 80: 488-500.

35.	Zetterstrom P (2007) Soluble misfolded subfractions of mutant superoxide 
dismutase-1s are enriched in spinal cords throughout life in murine ALS 
models. Proc Nat Acad Sci 10: 14157-14162.

36.	Bruijn LI, Miller TM, Cleveland DW (2004) Unraveling the mechanisms involved 
in motor neuron degeneration in ALS. Annu Rev Neurosci 27: 723-749.

37.	Williamson TL, Cleveland DW (1999) Slowing of axonal transport is a very 
early event in the toxicity of ALS-linked SOD1 mutants to motor neurons. Nat 
Neurosci 2: 50-56.

38.	Greenway MJ, Andersen PM, Russ C, Ennis S, Cashman S, et al. (2006) ANG 
mutations segregate with familial and 'sporadic' amyotrophic lateral sclerosis. 
Nat Genet 38: 411-413.

39.	Yang Y (2001) The gene encoding alsin, a protein with three guanine-nucleotide 
exchange factor domains, is mutated in a form of recessive amyotrophic lateral 
sclerosis. Nat Gen 29: 160-165.

40.	Chen YZ, Bennett CL, Huynh HM, Blair IP, Puls I, et al. (2004) DNA/RNA 
helicase gene mutations in a form of juvenile amyotrophic lateral sclerosis 
(ALS4). Am J Hum Genet 74: 1128-1135.

41.	Nishimura AL (2004) A mutation in the vesicle-trafficking protein VAPB causes 
late-onset spinal muscular atrophy and amyotrophic lateral sclerosis. Am J 
Hum Gene 7: 822-831.

42.	Münch C, Sedlmeier R, Meyer T, Homberg V, Sperfeld AD, et al. (2004) Point 
mutations of the p150 subunit of dynactin (DCTN1) gene in ALS. Neurology 
63: 724-726.

43.	Kabashi E, Valdmanis PN, Dion P, Spiegelman D, McConkey BJ, et al. (2008) 
TARDBP mutations in individuals with sporadic and familial amyotrophic lateral 
sclerosis. Nat Genet 40: 572-574.

44.	Li YJ, Pericak-Vance MA, Haines JL, Siddique N, McKenna-Yasek D, et al. 
(2004) Apolipoprotein E is associated with age at onset of amyotrophic lateral 
sclerosis. Neurogenetics 5: 209-213.

45.	Meyer T (1999) The RNA of the glutamate transporter EAAT2 is variably spliced 

in amyotrophic lateral sclerosis and normal individuals. J Neurol Sci 170: 45-50.

46.	Lambrechts D (2003) VEGF is a modifier of amyotrophic lateral sclerosis in 
mice and humans and protects motoneurons against ischemic death. Nat 
Genet 3: 383-394.

47.	Dolinoy DC, Jirtle RL (2008) Environmental epigenomics in human health and 
disease. Environ Mol Mutagen 49: 4-8.

48.	(2008) Environmental and molecular mutagenesis 49: 4-8.

49.	Kovalchuk O (2008) Epigenetic research sheds new light on the nature of 
interactions between organisms and their environment. Envir Mol Mutagen 49: 1-3.

50.	Day JJ, Sweatt JD (2011) Epigenetic mechanisms in cognition. Neuron 70: 813-
829.

51.	Day JJ, Sweatt JD (2010) DNA methylation and memory formation. Nat 
Neurosci 13: 1319-1323.

52.	Urdinguio RG, Sanchez-Mut JV, Esteller M (2009) Epigenetic mechanisms 
in neurological diseases: genes, syndromes, and therapies. Lancet Neurol 8: 
1056-1072.

53.	Mattson MP, Shea TB (2003) Folate and homocysteine metabolism in neural 
plasticity and neurodegenerative disorders. Trends Neurosci 26: 137-146.

54.	Bottiglieri T (1990) Cerebrospinal fluid S-adenosylmethionine in depression and 
dementia: effects of treatment with parenteral and oral S-adenosylmethionine. 
J Neurol Neurosurg Psychiatry 1096-1098.

55.	Kennedy BP, Bottiglieri T, Arning E, Ziegler MG, Hansen LA, et al. (2004) Elevated 
S-adenosylhomocysteine in Alzheimer brain: influence on methyltransferases 
and cognitive function. J Neural Transm (Vienna) 111: 547-567.

56.	Tohgi H, Utsugisawa K, Nagane Y, Yoshimura M, Genda Y, et al. (1999) 
Reduction with age in methylcytosine in the promoter region -224 approximately 
-101 of the amyloid precursor protein gene in autopsy human cortex. Brain Res 
Mol Brain Res 70: 288-292.

57.	Fuso A, Seminara L, Cavallaro RA, D'Anselmi F, Scarpa S (2005) 
S-adenosylmethionine/homocysteine cycle alterations modify DNA methylation 
status with consequent deregulation of PS1 and BACE and beta-amyloid 
production. Mol Cell Neurosci 28: 195-204.

58.	Wang SC, Oelze B, Schumacher A (2008) Age-specific epigenetic drift in late-
onset Alzheimer's disease. PLoS One 3: e2698.

59.	Coppieters N, Dieriks BV, Lill C, Faull RL, Curtis MA, et al. (2014) Global 
changes in DNA methylation and hydroxymethylation in Alzheimer's disease 
human brain. Neurobiol Aging 35: 1334-1344.

60.	Fischer A, Sananbenesi F, Pang PT, Lu B, Tsai LH (2005) Opposing roles 
of transient and prolonged expression of p25 in synaptic plasticity and 
hippocampus-dependent memory. Neuron 48: 825-838.

61.	Patrick GN, Zukerberg L, Nikolic M, de la Monte S, Dikkes P, et al. (1999) 
Conversion of p35 to p25 deregulates Cdk5 activity and promotes 
neurodegeneration. Nature 402: 615-622.

62.	Govindarajan N, Agis-Balboa RC, Walter J, Sananbenesi F, Fischer A (2011) 
Sodium butyrate improves memory function in an Alzheimer’s disease mouse 
model when administered at an advanced stage of disease progression. J 
Alzheimer’s Dis 2: 187-197.

63.	Govindarajan N, Rao P, Burkhardt S, Sananbenesi F, Schlüter OM, et al. 
(2013) Reducing HDAC6 ameliorates cognitive deficits in a mouse model for 
Alzheimer's disease. EMBO Mol Med 5: 52-63.

64.	Cook C, Gendron TF, Scheffel K, Carlomagno Y, Dunmore J, et al. (2012) Loss 
of HDAC, a novel CHIP substrate, alleviates abnormal tau accumulation. Hum 
Mol Genet 21: 2936-2945.

65.	Gupta S, Kim SY, Artis S, Molfese DL, Schumacher A, et al. (2010) Histone 
methylation regulates memory formation. J Neurosci 30: 3589-3599.

66.	Kerimoglu C, Agis-Balboa RC, Kranz A, Stilling R, Bahari-Javan S, et al. (2013) 
Histone-methyltransferase MLL2 (KMT2B) is required for memory formation in 
mice. J Neurosci 33: 3452-3464.

67.	Kilgore M (2010) Inhibitors of class 1 histone deacetylases reverse 
contextual memory deficits in a mouse model of Alzheimer’s disease. 
Neuropsychopharmacology 3: 870-880.

68.	Turner RS, Thomas RG, Craft S, van Dyck CH, Mintzer J, et al. (2015) A 

http://dx.doi.org/10.1111/j.1471-4159.2006.04102.x
http://dx.doi.org/10.1111/j.1471-4159.2006.04102.x
https://books.google.co.in/books?id=i-4kAwAAQBAJ&dq=22.%09Bates+G,+Tabrizi+S,+Jones+L+(2014)+Huntington%27s+disease.+(Oxford+University+Press+(UK)&lr=&source=gbs_navlinks_s
https://books.google.co.in/books?id=i-4kAwAAQBAJ&dq=22.%09Bates+G,+Tabrizi+S,+Jones+L+(2014)+Huntington%27s+disease.+(Oxford+University+Press+(UK)&lr=&source=gbs_navlinks_s
http://dx.doi.org/10.1159/000443738
http://dx.doi.org/10.1159/000443738
http://onlinelibrary.wiley.com/doi/10.1002/mrdd.1022/full
http://onlinelibrary.wiley.com/doi/10.1002/mrdd.1022/full
http://dx.doi.org/10.1016/S0140-6736(07)60111-1
http://jpn.ca/vol31-issue1/31-1-21/
http://jpn.ca/vol31-issue1/31-1-21/
http://dx.doi.org/10.1016/S1474-4422(10)70245-3
http://dx.doi.org/10.1016/S1474-4422(10)70245-3
http://dx.doi.org/10.1016/S0140-6736(10)61156-7
http://dx.doi.org/10.1016/S0140-6736(10)61156-7
https://dx.doi.org/10.1086/301769
https://dx.doi.org/10.1086/301769
https://dx.doi.org/10.1086/301769
http://dx.doi.org/10.1038/ng0794-425
http://dx.doi.org/10.1038/ng0794-425
http://dx.doi.org/10.1038/ng0794-425
http://dx.doi.org/10.1007/s100480050052
http://dx.doi.org/10.1007/s100480050052
http://dx.doi.org/10.1007/s100480050052
http://robot.neura.edu.au/content/pathophysiology-neurodegeneration-familial-amyotrophic-lateral-sclerosis
http://robot.neura.edu.au/content/pathophysiology-neurodegeneration-familial-amyotrophic-lateral-sclerosis
http://dx.doi.org/10.1046/j.0022-3042.2001.00720.x
http://dx.doi.org/10.1046/j.0022-3042.2001.00720.x
http://dx.doi.org/10.1046/j.0022-3042.2001.00720.x
http://dx.doi.org/10.1046/j.0022-3042.2001.00720.x
http://dx.doi.org/10.1046/j.0022-3042.2001.00720.x
https://dx.doi.org/10.1073/pnas.0700477104
https://dx.doi.org/10.1073/pnas.0700477104
https://dx.doi.org/10.1073/pnas.0700477104
http://dx.doi.org/10.1146/annurev.neuro.27.070203.144244
http://dx.doi.org/10.1146/annurev.neuro.27.070203.144244
http://dx.doi.org/10.1038/4553
http://dx.doi.org/10.1038/4553
http://dx.doi.org/10.1038/4553
http://dx.doi.org/10.1038/ng1742
http://dx.doi.org/10.1038/ng1742
http://dx.doi.org/10.1038/ng1742
https://dx.doi.org/10.1038/ng1001-160
https://dx.doi.org/10.1038/ng1001-160
https://dx.doi.org/10.1038/ng1001-160
https://dx.doi.org/10.1086/421054
https://dx.doi.org/10.1086/421054
https://dx.doi.org/10.1086/421054
https://dx.doi.org/10.1086%2F425287
https://dx.doi.org/10.1086%2F425287
https://dx.doi.org/10.1086%2F425287
http://dx.doi.org/10.1212/01.WNL.0000134608.83927.B1
http://dx.doi.org/10.1212/01.WNL.0000134608.83927.B1
http://dx.doi.org/10.1212/01.WNL.0000134608.83927.B1
http://dx.doi.org/10.1038/ng.132
http://dx.doi.org/10.1038/ng.132
http://dx.doi.org/10.1038/ng.132
http://dx.doi.org/10.1007/s10048-004-0193-0
http://dx.doi.org/10.1007/s10048-004-0193-0
http://dx.doi.org/10.1007/s10048-004-0193-0
http://dx.doi.org/10.1016/S0022-510X(99)00196-3
http://dx.doi.org/10.1016/S0022-510X(99)00196-3
https://dx.doi.org/10.1038/ng1211
https://dx.doi.org/10.1038/ng1211
https://dx.doi.org/10.1038/ng1211
http://dx.doi.org/10.1002/em.20366
http://dx.doi.org/10.1002/em.20366
http://onlinelibrary.wiley.com/doi/10.1002/em.20362/abstract
http://onlinelibrary.wiley.com/doi/10.1002/em.20362/abstract
https://dx.doi.org/10.1016/j.neuron.2011.05.019
https://dx.doi.org/10.1016/j.neuron.2011.05.019
http://dx.doi.org/10.1038/nn.2666
http://dx.doi.org/10.1038/nn.2666
http://dx.doi.org/10.1016/S1474-4422(09)70262-5
http://dx.doi.org/10.1016/S1474-4422(09)70262-5
http://dx.doi.org/10.1016/S1474-4422(09)70262-5
http://dx.doi.org/10.1016/S0166-2236(03)00032-8
http://dx.doi.org/10.1016/S0166-2236(03)00032-8
http://dx.doi.org/10.1136/jnnp.53.12.1096
http://dx.doi.org/10.1136/jnnp.53.12.1096
http://dx.doi.org/10.1136/jnnp.53.12.1096
http://dx.doi.org/10.1007/s00702-003-0096-5
http://dx.doi.org/10.1007/s00702-003-0096-5
http://dx.doi.org/10.1007/s00702-003-0096-5
https://dx.doi.org/10.1016/j.mcn.2004.09.007
https://dx.doi.org/10.1016/j.mcn.2004.09.007
https://dx.doi.org/10.1016/j.mcn.2004.09.007
https://dx.doi.org/10.1016/j.mcn.2004.09.007
http://dx.doi.org/10.1371/journal.pone.0002698
http://dx.doi.org/10.1371/journal.pone.0002698
http://dx.doi.org/10.1016/j.neurobiolaging.2013.11.031
http://dx.doi.org/10.1016/j.neurobiolaging.2013.11.031
http://dx.doi.org/10.1016/j.neurobiolaging.2013.11.031
https://dx.doi.org/10.1016/j.neuron.2005.10.033
https://dx.doi.org/10.1016/j.neuron.2005.10.033
https://dx.doi.org/10.1016/j.neuron.2005.10.033
http://dx.doi.org/10.1038/45159
http://dx.doi.org/10.1038/45159
http://dx.doi.org/10.1038/45159
https://dx.doi.org/10.3233/JAD-2011-110080
https://dx.doi.org/10.3233/JAD-2011-110080
https://dx.doi.org/10.3233/JAD-2011-110080
https://dx.doi.org/10.3233/JAD-2011-110080
https://dx.doi.org/10.1002/emmm.201201923
https://dx.doi.org/10.1002/emmm.201201923
https://dx.doi.org/10.1002/emmm.201201923
https://dx.doi.org/10.1093/hmg/dds125
https://dx.doi.org/10.1093/hmg/dds125
https://dx.doi.org/10.1093/hmg/dds125
https://dx.doi.org/10.1523/JNEUROSCI.3732-09.2010
https://dx.doi.org/10.1523/JNEUROSCI.3732-09.2010
http://dx.doi.org/10.1523/JNEUROSCI.3356-12.2013
http://dx.doi.org/10.1523/JNEUROSCI.3356-12.2013
http://dx.doi.org/10.1523/JNEUROSCI.3356-12.2013
https://dx.doi.org/10.1038/npp.2009.197
https://dx.doi.org/10.1038/npp.2009.197
https://dx.doi.org/10.1038/npp.2009.197
https://dx.doi.org/10.1212/WNL.0000000000002035


Citation: Singh RK, Satapathy S, Singh A, Bhuyan K (2016) Implication of Epigenetic Modifications in Neurodegenerative Disorders: Traces and 
Imprints. J Clin Cell Immunol 7: 461. doi:10.4172/2155-9899.1000461

Page 8 of 8

Volume 7 • Issue 5 • 1000461
J Clin Cell Immunol, an open access journal
ISSN: 2155-9899 

randomized, double-blind, placebo-controlled trial of resveratrol for Alzheimer 
disease. Neurology 85: 1383-1391.

69.	Rao JS, Keleshian VL, Klein S, Rapoport SI (2012) Epigenetic modifications
in frontal cortex from Alzheimer's disease and bipolar disorder patients. Transl
Psychiatry 2: e132.

70.	Liu H, Liu W, Wu Y, Zhou Y, Xue R, et al. (2005) Loss of epigenetic control of 
synuclein-gamma gene as a molecular indicator of metastasis in a wide range 
of human cancers. Cancer Res 65: 7635-7643.

71.	Zhao W (2006) Abnormal activation of the synuclein-gamma gene in
hepatocellular carcinomas by epigenetic alteration. Int J Oncol 28: 1081.

72.	Outeiro TF, Kontopoulos E, Altmann SM, Kufareva I, Strathearn KE, et al. 
(2007) Sirtuin 2 inhibitors rescue alpha-synuclein-mediated toxicity in models 
of Parkinson's disease. Science 317: 516-519.

73.	Masliah E, Dumaop W, Galasko D, Desplats P (2013) Distinctive patterns 
of DNA methylation associated with Parkinson disease: identification of 
concordant epigenetic changes in brain and peripheral blood leukocytes. 
Epigenetics 8: 1030-1038.

74.	Tan YY, Wu L, Zhao ZB, Wang Y, Xiao Q, et al. (2014) Methylation of α-synuclein
and leucine-rich repeat kinase 2 in leukocyte DNA of Parkinson's disease
patients. Parkinsonism Relat Disord 20: 308-313.

75.	Ai SX, Xu Q, Hu YC, Song CY, Guo JF, et al. (2014) Hypomethylation of SNCA
in blood of patients with sporadic Parkinson's disease. J Neurol Sci 337: 123-
128.

76.	Matsumoto L, Takuma H, Tamaoka A, Kurisaki H, Date H, et al. (2010) 
CpG demethylation enhances alpha-synuclein expression and affects the
pathogenesis of Parkinson's disease. PLoS One 5: e15522.

77.	Pieper HC (2008) Different methylation of the TNF-alpha promoter in cortex
and substantia nigra: Implications for selective neuronal vulnerability. Neurobiol
Dis: 521-527.

78.	Kaut O, Schmitt I, Wüllner U (2012) Genome-scale methylation analysis 
of Parkinson's disease patients' brains reveals DNA hypomethylation and 
increased mRNA expression of cytochrome P450 2E1. Neurogenetics 1: 87-91.

79.	Kontopoulos E, Parvin JD, Feany MB (2006) Alpha-synuclein acts in the
nucleus to inhibit histone acetylation and promote neurotoxicity. Hum Mol
Genet 1: 3012-3023.

80.	Jin H, Kanthasamy A, Ghosh A, Yang Y, Anantharam V, et al. (2011) α-Synuclein
negatively regulates protein kinase CÎ´ expression to suppress apoptosis in
dopaminergic neurons by reducing p300 histone acetyltransferase activity. J
Neurosci 31: 2035-2051.

81.	Kim J, Inoue K, Ishii J, Vanti WB, Voronov SV, et al. (2007) A MicroRNA
feedback circuit in midbrain dopamine neurons. Science 317: 1220-1224.

82.	Doxakis E (2010) Post-transcriptional regulation of alpha-synuclein expression
by mir-7 and mir-153. J Biol Chem 285: 12726-12734.

83.	Alvarez-Erviti L, Seow Y, Schapira AH, Rodriguez-Oroz MC, Obeso JA, et al. 
(2013) Influence of microRNA deregulation on chaperone-mediated autophagy 
and synuclein pathology in Parkinson's disease. Cell Death Dis 4: e545.

84.	Villar-Menéndez I, Blanch M, Tyebji S, Pereira-Veiga T, Albasanz JL, et al. 
(2013) Increased 5-methylcytosine and decreased 5-hydroxymethylcytosine 
levels are associated with reduced striatal A2AR levels in Huntington's disease. 
Neuromolecular Med 15: 295-309.

85.	Thomas B (2013) A novel method for detecting 7-methyl guanine reveals
aberrant methylation levels in Huntington disease. Anal Biochem 43: 112-120.

86.	Ryu H, Lee J, Hagerty SW, Soh BY, McAlpin SE, et al. (2006) ESET/SETDB1 
gene expression and histone H3 (K9) trimethylation in Huntington's disease. 
Proc Natl Acad Sci U S A 103: 19176-19181.

87.	Sadri-Vakili G (2007) Histones associated with downregulated genes are hypo-
acetylated in Huntington's disease models. Hum Mol Genet 1: 1293-1306.

88.	Lee J (2008) Monoallele deletion of CBP leads to pericentromeric
heterochromatin condensation through ESET expression and histone H3 (K9) 
methylation. Hum Mol Genet 17: 1774-1782.

89.	Lee J, Hwang YJ, Shin JY, Lee WC, Wie J, et al. (2013) Epigenetic regulation
of cholinergic receptor M1 (CHRM1) by histone H3K9me3 impairs Ca(2+) 
signaling in Huntington's disease. Acta Neuropathol 125: 727-739.

90.	Jeon GS, Kim KY, Hwang YJ, Jung MK, An S, et al. (2012) Deregulation of 
BRCA1 leads to impaired spatiotemporal dynamics of Î³-H2AX and DNA 
damage responses in Huntington's disease. Mol Neurobiol 45: 550-563.

91.	Kim MO (2008) Altered histone monoubiquitylation mediated by mutant
huntingtin induces transcriptional dysregulation. J Neurosci 28: 3947-3957.

92.	Martin LJ, Wong M (2013) Aberrant regulation of DNA methylation in amyotrophic 
lateral sclerosis: a new target of disease mechanisms. Neurotherapeutics 10: 
722-733.

93.	Figueroa-Romero C, Hur J, Bender DE, Delaney CE, Cataldo MD, et al. (2012) 
Identification of epigenetically altered genes in sporadic amyotrophic lateral
sclerosis. PLoS One 7: e52672.

94.	Harrison IF, Dexter DT (2013) Epigenetic targeting of histone deacetylase: 
therapeutic potential in Parkinson's disease? Pharmacol Ther 140: 34-52.

95.	Karagiannis TC, Ververis K (2012) Potential of chromatin modifying compounds
for the treatment of Alzheimer's disease. Pathobiol Aging Age Relat Dis 2.

96.	Coppedè F (2010) One-carbon metabolism and Alzheimer's disease: focus on
epigenetics. Curr Genomics 11: 246-260.

97.	Douaud G, Refsum H, de Jager CA, Jacoby R, Nichols TE, et al. (2013) 
Preventing Alzheimer's disease-related gray matter atrophy by B-vitamin
treatment. Proc Natl Acad Sci U S A 110: 9523-9528.

98.	Fuso A (2008) B-vitamin deprivation induces hyperhomocysteinemia and
brain S-adenosylhomocysteine, depletes brain S-adenosylmethionine, and
enhances PS1 and BACE expression and amyloid-beta deposition in mice. Mol
Cell Neurosci 37: 731-74.

99.	Fischer A, Sananbenesi F, Wang X, Dobbin M, Tsai LH (2007) Recovery of 
learning and memory is associated with chromatin remodelling. Nature 447: 
178-182.

100.	Zhang ZY, Schluesener HJ (2013) Oral administration of histone deacetylase
inhibitor MS-275 ameliorates neuroinflammation and cerebral amyloidosis and
improves behavior in a mouse model. J Neuropathol Exp Neurol 7: 178-188.

101.	Kontopoulos E, Parvin JD, Feany MB (2006) Alpha-synuclein acts in the
nucleus to inhibit histone acetylation and promote neurotoxicity. Hum Mol
Genet 15: 3012-3023.

102.	Outeiro TF, Kontopoulos E, Altmann SM, Kufareva I, Strathearn KE, et al. 
(2007) Sirtuin 2 inhibitors rescue alpha-synuclein-mediated toxicity in models 
of Parkinson's disease. Science 317: 516-519.

103.	Rane P (2012) The histone deacetylase inhibitor, sodium butyrate, alleviates
cognitive deficits in pre-motor stage PD. Neuropharmacology 2409-241.

104.	St Laurent R, O'Brien LM, Ahmad ST (2013) Sodium butyrate improves
locomotor impairment and early mortality in a rotenone-induced Drosophila
model of Parkinson's disease. Neuroscience 24: 382-390.

105.	Zhou W, Bercury K, Cummiskey J, Luong N, Lebin J, et al. (2011) 
Phenylbutyrate up-regulates the DJ-1 protein and protects neurons in cell
culture and in animal models of Parkinson disease. J Biol Chem 286: 14941-
14951.

106.	Gray SG (2010) Targeting histone deacetylases for the treatment of 
Huntington's disease. CNS Neurosci Ther 16: 348-361.

107.	Cudkowicz ME, Andres PL, Macdonald SA, Bedlack RS, Choudry R, et al. 
(2009) Phase 2 study of sodium phenylbutyrate in ALS. Amyotroph Lateral 
Scler 10: 99-106.

108.	Ryu H (2005) Sodium phenylbutyrate prolongs survival and regulates
expression of anti-apoptotic genes in transgenic amyotrophic lateral sclerosis
mice. J Neurochem 9: 1087-1098.

109.	Yoo YE, Ko CP (2011) Treatment with trichostatin A initiated after disease 
onset delays disease progression and increases survival in a mouse model of 
amyotrophic lateral sclerosis. Exp Neurol 2: 147-159.

https://dx.doi.org/10.1212/WNL.0000000000002035
https://dx.doi.org/10.1212/WNL.0000000000002035
https://dx.doi.org/10.1038/tp.2012.55
https://dx.doi.org/10.1038/tp.2012.55
https://dx.doi.org/10.1038/tp.2012.55
http://dx.doi.org/10.1158/0008-5472.CAN-05-1089
http://dx.doi.org/10.1158/0008-5472.CAN-05-1089
http://dx.doi.org/10.1158/0008-5472.CAN-05-1089
http://dx.doi.org/10.3892/ijo.28.5.1081
http://dx.doi.org/10.3892/ijo.28.5.1081
http://dx.doi.org/10.1126/science.1143780
http://dx.doi.org/10.1126/science.1143780
http://dx.doi.org/10.1126/science.1143780
https://dx.doi.org/10.4161/epi.25865
https://dx.doi.org/10.4161/epi.25865
https://dx.doi.org/10.4161/epi.25865
https://dx.doi.org/10.4161/epi.25865
http://dx.doi.org/10.1016/j.parkreldis.2013.12.002
http://dx.doi.org/10.1016/j.parkreldis.2013.12.002
http://dx.doi.org/10.1016/j.parkreldis.2013.12.002
http://dx.doi.org/10.1016/j.jns.2013.11.033
http://dx.doi.org/10.1016/j.jns.2013.11.033
http://dx.doi.org/10.1016/j.jns.2013.11.033
http://dx.doi.org/10.1371/journal.pone.0015522
http://dx.doi.org/10.1371/journal.pone.0015522
http://dx.doi.org/10.1371/journal.pone.0015522
https://dx.doi.org/10.1016/j.nbd.2008.09.010
https://dx.doi.org/10.1016/j.nbd.2008.09.010
https://dx.doi.org/10.1016/j.nbd.2008.09.010
https://dx.doi.org/10.1007/s10048-011-0308-3
https://dx.doi.org/10.1007/s10048-011-0308-3
https://dx.doi.org/10.1007/s10048-011-0308-3
https://dx.doi.org/10.1093/hmg/ddl243
https://dx.doi.org/10.1093/hmg/ddl243
https://dx.doi.org/10.1093/hmg/ddl243
https://dx.doi.org/10.1523/JNEUROSCI.5634-10.2011
https://dx.doi.org/10.1523/JNEUROSCI.5634-10.2011
https://dx.doi.org/10.1523/JNEUROSCI.5634-10.2011
https://dx.doi.org/10.1523/JNEUROSCI.5634-10.2011
https://dx.doi.org/10.1126/science.1140481
https://dx.doi.org/10.1126/science.1140481
https://dx.doi.org/10.1074/jbc.M109.086827
https://dx.doi.org/10.1074/jbc.M109.086827
https://dx.doi.org/10.1038/cddis.2013.73
https://dx.doi.org/10.1038/cddis.2013.73
https://dx.doi.org/10.1038/cddis.2013.73
http://dx.doi.org/10.1007/s12017-013-8219-0
http://dx.doi.org/10.1007/s12017-013-8219-0
http://dx.doi.org/10.1007/s12017-013-8219-0
http://dx.doi.org/10.1007/s12017-013-8219-0
https://dx.doi.org/10.1016/j.ab.2013.01.035
https://dx.doi.org/10.1016/j.ab.2013.01.035
https://dx.doi.org/10.1073/pnas.0606373103
https://dx.doi.org/10.1073/pnas.0606373103
https://dx.doi.org/10.1073/pnas.0606373103
https://dx.doi.org/10.1093/hmg/ddm078
https://dx.doi.org/10.1093/hmg/ddm078
https://dx.doi.org/10.1093/hmg/ddn067
https://dx.doi.org/10.1093/hmg/ddn067
https://dx.doi.org/10.1093/hmg/ddn067
https://dx.doi.org/10.1007/s00401-013-1103-z
https://dx.doi.org/10.1007/s00401-013-1103-z
https://dx.doi.org/10.1007/s00401-013-1103-z
https://dx.doi.org/10.1007/s12035-012-8274-9
https://dx.doi.org/10.1007/s12035-012-8274-9
https://dx.doi.org/10.1007/s12035-012-8274-9
http://dx.doi.org/10.1523/JNEUROSCI.5667-07.2008
http://dx.doi.org/10.1523/JNEUROSCI.5667-07.2008
https://dx.doi.org/10.1007/s13311-013-0205-6
https://dx.doi.org/10.1007/s13311-013-0205-6
https://dx.doi.org/10.1007/s13311-013-0205-6
http://dx.doi.org/10.1371/journal.pone.0052672
http://dx.doi.org/10.1371/journal.pone.0052672
http://dx.doi.org/10.1371/journal.pone.0052672
http://dx.doi.org/10.1016/j.pharmthera.2013.05.010
http://dx.doi.org/10.1016/j.pharmthera.2013.05.010
https://dx.doi.org/10.3402%2Fpba.v2i0.14980
https://dx.doi.org/10.3402%2Fpba.v2i0.14980
https://dx.doi.org/10.2174/138920210791233090
https://dx.doi.org/10.2174/138920210791233090
http://www.pnas.org/content/110/23/9523.short
http://www.pnas.org/content/110/23/9523.short
http://www.pnas.org/content/110/23/9523.short
https://dx.doi.org/10.1016/j.mcn.2007.12.018
https://dx.doi.org/10.1016/j.mcn.2007.12.018
https://dx.doi.org/10.1016/j.mcn.2007.12.018
https://dx.doi.org/10.1016/j.mcn.2007.12.018
http://dx.doi.org/10.1038/nature05772
http://dx.doi.org/10.1038/nature05772
http://dx.doi.org/10.1038/nature05772
http://dx.doi.org/10.1097/NEN.0b013e318283114a
http://dx.doi.org/10.1097/NEN.0b013e318283114a
http://dx.doi.org/10.1097/NEN.0b013e318283114a
http://dx.doi.org/10.1093/hmg/ddl243
http://dx.doi.org/10.1093/hmg/ddl243
http://dx.doi.org/10.1093/hmg/ddl243
http://dx.doi.org/10.1126/science.1143780
http://dx.doi.org/10.1126/science.1143780
http://dx.doi.org/10.1126/science.1143780
https://dx.doi.org/10.1016/j.neuropharm.2012.01.026
https://dx.doi.org/10.1016/j.neuropharm.2012.01.026
https://dx.doi.org/10.1016/j.neuroscience.2013.04.037
https://dx.doi.org/10.1016/j.neuroscience.2013.04.037
https://dx.doi.org/10.1016/j.neuroscience.2013.04.037
https://dx.doi.org/10.1074/jbc.M110.211029
https://dx.doi.org/10.1074/jbc.M110.211029
https://dx.doi.org/10.1074/jbc.M110.211029
https://dx.doi.org/10.1074/jbc.M110.211029
http://dx.doi.org/10.1111/j.1755-5949.2010.00184.x
http://dx.doi.org/10.1111/j.1755-5949.2010.00184.x
http://dx.doi.org/10.1080/17482960802320487
http://dx.doi.org/10.1080/17482960802320487
http://dx.doi.org/10.1080/17482960802320487
https://dx.doi.org/10.1111/j.1471-4159.2005.03077.x
https://dx.doi.org/10.1111/j.1471-4159.2005.03077.x
https://dx.doi.org/10.1111/j.1471-4159.2005.03077.x
https://dx.doi.org/10.1016/j.expneurol.2011.06.003
https://dx.doi.org/10.1016/j.expneurol.2011.06.003
https://dx.doi.org/10.1016/j.expneurol.2011.06.003

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Epigenetics of Neurodegeneration 
	Epigenetics and Biology of Neurodegeneration 
	Alzheimer’s disorder 
	Epigenetics and Alzheimer’s disease 
	Parkinson’s disorder 
	Huntington’s disease 
	Epigenetics and Huntington’s disease 
	Amyotrophic lateral sclerosis 
	Epigenetics and ALS disease 

	Epigenetic Therapeutics of Neurodegenerative Disorders 
	Conclusion
	Author Contribution 
	Figure 1
	Figure 2
	Figure 3
	References

