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Advances in genetics and epigenetic alterations in 

Alzheimer's disease. A notion for therapeutic 

treatment  
 

 

SUPPLEMENTARY INFORMATION 
 

 

Table S1. Potential role and contribution of major causal and genetic disease risk 

factors for Alzheimer's disease (AD). 

 

 

Gene 

Causal/ 

risk factor 

 

(onset) 

Proposed function Hypothetical contribution to disease 

APP 

Causal 

 

(EOAD) 

 

 

 Cell adhesion, signal 

transduction, neurite growth 

and synaptogenesis, signal 

transduction, calcium 

metabolism, neuronal protein 

trafficking along the axon, 

apoptosis, and the coagulation 

process. 

The physiological function of APP has not yet been 

fully elucidated and defined, but all studies indicate 

that it is involved in various processes related to 

metabolism and neuronal communication, among 

others [1, 2]. There are more than 25 missense 

variants of APP, most of which are associated with 

EOAD. These mutations are located within the Aβ 

domain or in close proximity to the Aβ sequence, 

which results from the sequential cleavage of APP 

by the enzymes BACE1 and γ-secretase. Some of 

these mutations are related to CAA. Recently, 

BACE2 was found to be involved in APP cleavage 

at the β-site within the Aβ-domain and to contribute 

to the exacerbation of AD pathogenesis. 

PSEN1 

Causal 

 

(EOAD) 

PSEN1 could function as a 

catalytic subunit of the γ-

secretase complex and 

promote cleavage of APP-

CTFs 

Point mutations in PSEN1 are the cause of EOAD. 

326 mutations have been reported in the Alzforum 

database. 

PSEN2 

Causal 

 

(EOAD) 

Regulation of APP processing 

cleavage and NOTCH 

receptor protein cleavage. 

Point mutations in PSEN2 are the cause of EOAD. 

Sixty-eight mutations have been reported in the 

Alzforum database. 
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APOE 

Risk factor 

 

(EOAD, 

LOAD) 

 

 

Lipid metabolism (VLDL) 

 

β-amyloid metabolism? 

 

 

There are three isoforms that confer differential 

susceptibility to AD: ApoE3 is most common in 

white populations (78%) and is thought to have 

neutral effects. APOE-ε2 is a rare variant (5% 

frequency in the population) and is considered a 

protective factor for AD, which could affect men 

and women differently. APOE-ε4 occurs in less 

than 20% of the population but has a prevalence of 

50% in individuals with AD, and the risk varies 

depending on whether the individual carries one or 

two APOE-ε4 alleles. 

CR1 

Risk factor 

 

(LOAD) 

 

 

Aβ metabolism (clearance) 

 

Immune system function 

(antigen-binding protein) 

 

 

Decreased expression of this gene has been 

associated with several diseases such as gallbladder 

carcinoma and sarcoidosis. Some studies have 

identified genetic polymorphisms associated with 

neurodegenerative processes likely related to the 

pathogenesis of AD [3, 4]. R1 has also been shown 

to mediate susceptibility to AD via clearance of 

amyloid Aß in the brain [5] and interactions of CR1 

variants with APOE-ε4 have been observed to be 

strongly associated with cognitive impairment [6]. 

BIN1 

Risk factor 

 

(LOAD) 

Endocytic membranes, 

pathways, and T-tubule 

conformation. 

Recent work has shown that BIN1 can interact with 

the tau protein in human neuroblastoma cells and 

mouse brain, contributing to the risk of AD by 

altering neuronal degeneration [7]. 

CLU 

Risk factor 

 

(LOAD) 

Cholesterol/lipid metabolism 

(binding and transport) 

 

Aβ-metabolism (clearance). 

 

Regulation of the function of 

the immune response 

Identified as the third most important risk locus for 

the development of LOAD. Although some risk-

increasing polymorphisms have been isolated at this 

locus [8–10], the pathogenic mechanisms of these 

variants remain unclear. 

SORL1 

Causal/Risk 

factor 

 

(EOAD, 

LOAD) 

 

 

Metabolism of APP 

(trafficking in endocytic 

pathways and sorting 

associated with Aβ). 

Common and rare variants in SORL1 have been 

linked to the pathogenesis of EOAD and LOAD 

and confer low to moderate risk by increasing Aβ 

secretion and altering the processing of APP  [11–
13]. 

PICALM 

Risk factor 

 

(EOAD, 

LOAD) 

Aβ-metabolism (deposition). 

 

Regulation of membrane 

metabolism (cellular transport, 

endocytosis-clathrin 

pathways). 

It encodes a clathrin protein that may contribute to 

the formation of amyloid plaques in the brain [14]. 

Several polymorphisms are significantly associated 

with AD and Aβ-peptide transport in the brain [15]. 

It has been suggested that expression of PICALM 

in the microvasculature reduces the risk of AD [16]. 
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TREM2 

Risk factor 

 

(EOAD, 

LOAD) 

 

 

Regulation of cell-mediated 

immunity (triggers activation 

of immune response function 

in macrophages and dendritic 

cells; inflammatory response). 

 

Expressed in microglia 

Point mutations in TREM2 are the cause of 

EOAD[17]. 11 mutations have been reported in the 

Alzforum database. 

ABCA7 

Risk factor 

 

(LOAD) 

Cholesterol/lipid metabolism 

(transmembrane trafficking; 

phagocytosis promoter by 

macrophages of apoptotic 

cells). 

 

Regulation of APP processing 

via BACE1 and Aβ 

metabolism (endocytic 

pathways). 

Immune system function (lipid 

homeostasis in cells of IS). 

 

Highest expression in 

microglia 

Loss of function of ABCA7 alters amyloid 

processing. VNTR disrupts ABCA7 splicing and is 

associated with an increased risk of AD [18]. Rare 

ABCA7 variants are associated with familial AD 

[19]. 

MS4A6A 

Risk factor 

(interaction, 

variable) 

Signal Transduction 

 

Four-span transmembrane 

protein 

The MS4A family functions as a chemosensor for a 

variety of exogenous and endogenous ligands. 

SNPs in the MS4A gene region have a dose-

dependent effect on LOAD risk [20, 21]. MS4A6A 

genotypes are associated with AD -specific brain 

structures [22]. 

MS4A4E 

Risk factor 

(interaction, 

variable) 

Four-span transmembrane 

protein 

AD risk variants in MS4A4E affect soluble TREM2 

content in CSB, Together with CLU, MS4A4E 

modulates risk AD. 

CD33 

Risk factor Transmembrane protein/cell 

interaction. 

CD33 is a myeloid cell receptor that is highly 

expressed in AD brains (microglia and 

macrophages), where it is involved in modulating 

microglial activation and regulating Aβ metabolism 

by inhibiting Aβ clearance. CD33 is also involved 

in immune cell growth and adhesion processes, as 

well as in the induction of apoptosis [23]. 
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TOMM40 

Risk factor 

(variable) 

TOMM40 (Translocase of the 

Outer Mitochondrial 

Membrane 40) 

The TOMM40 gene is located near APOE and is 

imbalanced with it. Polymorphisms in TOMM40 

intron 6 are associated with AD. Variants in 

TOMM40 and APOE increase the risk of AD in 

different populations and ethnicities [24, 25]. 

CD2AP 

Risk factor 

 

(EOAD, 

LOAD) 

Regulation of actin 

cytoskeleton 

dynamics/membrane 

trafficking metabolism 

(clearance). 

 

Highest expression in 

microglia 

CD2AP mRNA levels are decreased in the blood of 

sporadic AD patients. Common variants in CD2AP 

have been significantly associated with EOAD. 

MAPT 

Risk factor 

 

(EOAD, 

LOAD) 

It promotes microtubule 

assembly and stability and is 

thought to be involved in the 

formation and maintenance of 

neuronal polarity. 

 

It encodes the tau protein, and mutant variants have 

been linked to several neurodegenerative diseases, 

including AD and dementia, which contribute to the 

risk of LOAD [26, 27]. Mutations in the MAPT 

gene encoding tau can lead to frontotemporal 

dementia with chromosome 17-linked parkinsonism 

(FTDP-17)[28]. 

 

 
 

 

 

 

Table S2. Results of a quick search of the NCBI PubMed database using the words 

"epigenome and Alzheimer". 264 results were found of which only original articles 

were selected (review articles were excluded). 
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Epigenomic signal AD model Main finding Reference 

Histone acetylation Post-mortem human 

prefrontal cortices 

Tau pathology, but not amyloid-β pathology, 

affects histone acetylation.  

In neurons, altered transcription occurs due to 

tau-induced chromatin remodeling. Tau-related 

chromatin changes exhibit spatial patterns. 

[29] 

DNA methylation  Post-mortem human brain 

tissue (AD Braak stage 

progression). 

Identification of genes with cell type-specific 

methylation signatures and documentation of 

age-related differential methylation dynamics in 

neurons (CLU, NCOR2 and SYNJ2) or glia 

(CXXC5, RAI1 and INPP5A).  

Several DNA methylation signals of neuronal 

(HOXA3) or glial origin (ANK1) associated 

with AD were validated. 

[30] 

DNA methylation 

 

AβPPswe/PS-1 mice Dlg4/PSD95, a protein involved in neuronal 

plasticity and memory, exhibits increased 

expression during development regulated by 

histone marks that have a major impact on 

several processes of hippocampal plasticity and 

neurons. 

[31] 

DNA methylation 

 

Postmortem human brain 

tissue (middle temporal gyrus) 

and blood samples in AD 

patients. 

Gene regulatory network (GRN) analysis 

predicts altered expression of IL6 and SIAH1 

genes in brain tissues influenced by methylation 

and hydroxymethylation. 

In blood, WNT3A is the leading gene in the 

reference network. 

In both tissues, a common DMR is identified 

near the transcriptional starting point of the 

gene OXT, which encodes the neuropeptide 

oxytocin involved in neuromodulation of social 

behavior. 

[32] 

Histone acetylation 

and  methylation   

Human cortical brain tissue 

(microglia,  neuronal and  

oligodendrocyte) 

A subset of the variants identified by GWAS 

could act on super-enhancers that would affect 

gene expression. Knockdown of a targeted 

microglial enhancer carrying AD risk variants 

suppresses BIN1 gene expression in microglia 

but not in neurons or astrocytes. 

[33] 

DNA methylation DNA methylation of induced 

pluripotent stem cells (iPSCs) 

from AD patients and healthy 

controls. One normal cell line, 

one LOAD line (APOE4) and 

at least two EOAD cell lines 

(PSEN1, PSEN2) are 

included. 

Different DMRs of 5mC, 5hmC, and 5fC/caC 

are identified during differentiation of iPSCs 

into neurons in both normal cells and PSEN2. 

[34] 

DNA methylation Whole blood DNA from 

trisomy 21 (T21) patients, 

non-dementia patients and AD 

dementia patients. 

In both T21 and AD patients, at least 6 

hypermethylated sites occur compared to 

healthy individuals. One of them is located in 

the ADAM10 promoter region. 

[35] 

DNA methylation Blood DNA from an 

international population of 

It has been observed that genetic factors 

contribute to differential DNA methylation in 

[36] 
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eleven cohorts totaling 3337 

individuals. 

the hippocampus. Methylation at these sites 

alters the expression of genes required for 

hippocampal function and metabolic regulation. 

mtDNA methylation 

 

Postmortem PFC samples and 

Human cell lines HEK293T 

and A549. 

mtDNA methylation is negatively correlated 

with mitochondrial gene expression and is 

modulated by methyltransferase (DNMT3A), 

which is required for the maintenance of 

methylation in neurons. 

[37] 

DNA methylation 

 

E4 and E3 mice with high fat 

diet (HFD) 

E4 HFD mice exhibit a unique DNA 

methylation profile in the hippocampus. They 

find that HFD-induced deficits in learning and 

spatial memory, but not object recognition, are 

more pronounced in E4 mice. 

[38] 

DNA methylation  DNA methylation in the 

entorhinal cortex of the brain 

(EC) Samples from the MRC 

London Neurodegenerative 

Diseases Brain Bank. 

The ANK1 gene exhibits differential DNA 

methylation at AD.  

Abnormal DNA methylation changes in 

WNT5B are associated with AD 

neuropathology. 

[39] 

DNA methylation Peripheral blood samples 

from patients with MCI and 

normal control subjects. 

Discovery of DMRs: two within SEPT8 and 

TMEM232 on chromosome 5, one within 

SLC17A8 on chromosome 12, and another 

within ALOX12 on chromosome 17. 

Functional methylation analysis identifies four 

groups of genes (modules) that are significantly 

hypomethylated in affected individuals 

compared to controls: RIN3, CTSG, SPEG and 

UBE2L3. 

[40] 

Histone acetylation 

and methylation 

Female triple transgenic 

(3xTg-AD) mice 

The DNA methylation level at the promoter of 

the Txnip gene in the brain is significantly 

lower in 3xTg- AD compared to wild type. 

The level of DNA methylation at the CTCF 

region of the Txnip gene promoter is 

significantly lower in the cerebellum and 

significantly higher in the spleen of 3xTg- AD 

mice compared to wild-type controls. 

[41] 

DNA methylation Postmortem brains of age-

matched normal controls and 

AD patients. 

Methylation levels in the promoter regions of 

the BRCA1 and AURKC genes are upregulated 

in AD brains.  

Dysfunction of BRCA1 results in impaired 

DNA integrity. 

[42] 

DNA methylation Four brain regions: 

Hippocampus, cerebellum, 

EC and dorsolateral PFC of 

donor controls and patients 

with late stages AD. 

Identify 858 robust DMRs in up to 772 putative 

genes.  

Identify CpGs near ANK1 and MYO1C genes 

with AD. 

The region-dependent and most significant 

effect is observed for a DNA methylation site 

near ANK1, which is more methylated in 

subjects with AD in the dorsolateral PFC, EC 

and hippocampus, but less methylated in the 

cerebellum. 

[43] 

DNA methylation APP/PS1 mouse  PM20D1 is involved in lipid metabolism and is 

an important methylation and expression locus 

[44] 
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located within a AD -risk associated haplotype. 

Histone acetylation  THY‐Tau22 mouse The histone acetyltransferase (HAT)-activating 

molecule CBP/p300 (CSP -TTK21) is capable 

of acetylating nuclear chromatin in mouse brain. 

It shows a specific decrease in acetylation levels 

in the hippocampus of THY -Tau22 mice, and 

CSP -TTK21 significantly restores this 

signature by enhancing long-term spatial 

memory storage. 

[45] 

DNA methylation Postmortem brain tissue from 

patients with AD; dementia 

with Lewy bodies (DLB); 

Huntington's disease (HD); 

Parkinson's disease vascular 

dementia and non-demented 

control subjects. 

Significantly increased levels in AD cases 

compared to controls AT eight ANK1 CpG sites 

in the ERC and seven ANK1 CpG sites in 

theSTG. Changes in ANK1 DNA methylation 

in the cerebellum are reported for the first time. 

DNA hypermethylation of ANK1 in the ERC is 

observed only in DLB cases with coexisting AD 

pathology. 

[46] 

DNA methylation Postmortem hippocampal 

samples from AD patients and 

control subjects. 

DNA methylation levels correlate significantly 

with exposure to p-tau deposition. Genomic loci 

that strongly overlap in regulatory regions are 

significantly hypermethylated in AD compared 

to healthy patients. DMGs are associated with 

neuronal development and neurogenesis. 

[47] 

Histone acetylation 

and methylation 

APP/PS1 mice Overall, no changes in histone marks over time 

in APP/PS1 and wild-type mice. 

Age-related changes in histone marks are 

observed in wild-type mice. 

[48] 

DNA methylation Post-mortem PFC of normal 

subjects and AD patients 

(LOAD). 

They found 504 differentially methylated 

positions (DMPs), of which 487 positions had 

increased methylation levels and 17 positions 

had reduced methylation levels compared to 

controls AD. 

The DMPs are mainly located in the HOXA3, 

GSTP1, CXXC1-3 and BIN1 genes. 

[49] 

DNA methylation Post-mortem brains of AD 

patients and healthy controls. 

DNA methylation (H3K9me3) is upregulated in 

the temporal cortex of patients with sporadic 

AD. 

[50] 

DNA methylation Peripheral blood monocytes 

from healthy controls and AD 

patients. Cortex samples from 

4 healthy subjects and 4 AD 

patients. 

Hypomethylation of the TNF-α promoter region 

in the cerebral cortex of AD patients, while 

similar levels of methylation are found in 

control groups and in blood samples from AD 

patients. 

[51] 

DNA methylation Brain tissue from 147 

individuals drawn from the 

Mount Sinai Alzheimer's and 

Schizophrenia Brain Bank. 

DNA hypermethylation in a 48 kb region of the 

HOXA gene is associated with neuropathology 

of AD in human cerebral cortex and cortical 

neuropathology of HOXA3. 

[46] 

DNA methylation DNA methylation DNA from 

postmortem prefrontal cortical 

corx tissue from patients with 

AD and controls. 

325 genes with differentially 

hydroxymethylated loci were identified.  

Gene enrichment analysis in ontology reveals 

biological processes related to the development 

of neuronal projections and neurogenesis. 

[52] 
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