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Introduction 

 

Dementia 

Dementias are a group of acquired brain diseases that share deficits in memory, 

communication and language, focus and attention, reasoning and judgment, and visual 

perception1. Alzheimerôs disease (AD) has been the most common form of dementia, 

accounting for approximately 60ï80% of cases2. Neuropathologically, it is 

characterized by the buildup of parenchymal plaques composed predominantly of 

amyloid peptide (A) protein and intraneuronal tangles of the hyperphosphorylated 

microtubule-associated protein tau3,4. Additionally, vascular cognitive impairment is 

common, accounting for at least 10% of dementia cases and frequently co-occurring 

with AD. It is a neurological manifestation of cardiovascular disease that occurs as a 

result of limited blood flow to the brain5. Although vascular cognitive impairment is 

not a significant cause of dementia, it affects several million individuals globally6. 

Dementia with Lewy bodies is characterized by aggregates of Alpha-synuclein (SNCA) 

protein throughout the brain, accounts for between one in thirteen and one in 

twenty-five cases of dementia, and can share motor symptoms and neuropathology with 

Parkinsonôs disease, particularly in the latter stages of both conditions7. Frontotemporal 

dementia (FTD) is a clinically defined disease that is characterized by the coexistence 

of numerous separate pathological entities generally referred to as frontotemporal lobar 

degeneration8. There has been some overlap between frontotemporal lobar 

degeneration and amyotrophic lateral sclerosis, both of which can exhibit TDP43 

accumulation and associated pathology on autopsy9. Both are uncommon in 

comparison to AD. Frontotemporal lobar degeneration has an incidence of 15-22 per 

100,000 while amyotrophic lateral sclerosis has a prevalence of roughly four per 

100,00010. These dementias are frequently not detected in so-called community-based 

autopsy samples of elderly adults (as opposed to cohorts from dementia clinics). By 

contrast, histologically defined diseases such as hippocampal sclerosis and primary 

age-related tauopathy affect approximately 15% of any large elderly population and 

may have a significant impact11. However, the precise relationship, if any, between 
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these late-life alterations in neuroanatomy and serious loss of cognitive function is 

unknown. For instance, basic age-related tauopathy is rarely associated with significant 

cognitive deterioration. Thus, while it is classified as a pathology, it may not be a kind 

of dementia in and of itself. Apart from their clinical characteristics, dementias exhibit 

a range of onset ages. Frontotemporal lobar degeneration often manifests itself between 

the ages of 50 and 70 years, although vascular cognitive impairment and dementia are 

more prevalent in the elderly (age 80 years)12,13. AD is unique in that its incidence grows 

with age, but then plateaus or even declines in those aged 85 and older14. Overall, AD 

and FTD are the two main causes of dementia. 

 

Dementia-related genes 

Numerous attempts have been made to unravel the genetic causes of dementia, with 

varying degrees of success. Pedigree studies identified autosomal dominant forms of 

AD, FTD, and amyotrophic lateral sclerosis, which were later linked to specific genes 

(e.g., presenilin and APP in AD C9orf72 in amyotrophic lateral sclerosis and FTD). 

However, autosomal dominance accounts for a modest number of dementia cases 

(about 5%)15. The most frequently observed relationship between a gene and dementia 

is that of the APOE4 allele and AD. Although this link is robust, it accounts for no more 

than 20%-25% of all dementia cases (about 30%-35% of AD cases)16. Several studies 

attempted to determine the genetic and non-genetic risk factors for AD. This massive 

effort brought together multiple sources of tissue and data collecting, resulting in an 

immense resource pool for gene association research. AD has been linked to SORL118 

and NOS3 variations17. Regrettably, none of the genetic correlations revealed had a 

larger effect on risk than previously known associations, and none approached the level 

of influence associated with the APOE genotype. There is no comparable effort for 

other types of dementia, however, genome-wide meta-analyses have revealed several 

connections between specific types of dementia and gene variations18ï20. There are 

numerous potential genes for neurological dementias. APOE4 and variants in the 

microtubule-associated protein tau (MAPT) gene have also been connected with 
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vascular cognitive impairment21,22. The genetics of Lewy body dementia appear to be 

somewhat more distinct from those of AD than those of vascular cognitive impairment. 

There have been associations with variations in the SNCA27 and SNCB28 genes, as 

well as the leucine-rich repeat kinase 2 (LRRK; gene name PARK8) gene23. Even the 

most prevalent genetic variant associated with AD-APOE4-may be lacking in some 

cultures. Additionally, even if they share the APOE4 allele, monozygotic twins can be 

discordant for AD. Many studies demonstrated that environmental factors have a 

significant impact on the progression of AD24,25. These studies stressed the fact that AD 

is the product of intricate interactions between genes and the environment. Nonetheless, 

gene association studies are valuable for identifying potentially significant functional 

pathways that may be perturbed by the environment and thus produce pathogenetic 

results that are sufficiently similar to those of a genetic disorder (e.g., sporadic vs 

autosomal dominant AD), such that insights gained from studying the latter may help 

inform effective treatment or prevention of the former. Thus, the question is what 

physical process leads to dementia disorders as a result of gene-environment 

interactions.  

 

The accumulating evidence indicates epigenetic mechanisms26,27. Epigenetics refers to 

modifications to the protein components of chromatin (histones) and to the DNA 

strandôs sidechains that do not alter the underlying DNA base sequence. It also 

comprises non-coding RNA-mediated regulation of genes. In a clinical setting, 

long-term alterations in the amounts of specific proteins and peptides, such as SNCA 

in Lewy body dementia, and MAPT in AD, frontotemporal lobar degeneration, and 

other dementias require an explanation in terms of expression. The effects of epigenetic 

modifications on gene expression have been well established over a long period of time. 

In dementia cognition is impaired and memory is affected28ï30. 

 

Memory and aging 

The structure and cognitive capacities of the brain are not static but are subject to 
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ongoing dynamic change throughout the lifespan. Aging is thus a process that is tightly 

related to physiological deterioration and is a normal and complicated natural biological 

process that includes cytogenetic, lifestyle, and environmental variables31. The process 

of aging is reflected at the beginning of deterioration in the organismôs function to 

maintain homeostatic balance in the body, and the decline in physiological and 

biochemical capacity increases the individualôs susceptibility to age-related diseases 

that affect many systems, including the nervous system. As a result, aging is seen as a 

key risk factor for the development of neurodegenerative disorders, with elderly 

persons exhibiting a decline in memory and cognitive performance as they age32. It is 

worth mentioning that, the development of memory loss is subtle, thus age-related 

memory loss has also been described as ónormal agingô in contemporary aging society33. 

Multiple evidence shows in both humans and rats, normal aging is accompanied by 

molecular alterations in brain function34,35. However, not every elderly person with 

memory loss leads to dementia. Although the mechanisms are different, the 

pathological features are similar. Thus, itôs difficult to distinguish the exact link between 

cognitive dysfunction and healthy aging memory decline. 

 

The majority of existing research evidence comes from both cross-sectional and 

longitudinal approaches to studying the interaction between aging and memory. Reveals 

there is no obvious neuron loss during the normal aging process, but the number of 

neurons, dendritic length, and dendritic spine density decrease with age36,37. Evidence 

from post-mortem studies supports a positive correlation between the number of 

hippocampal cells lost and age in the brains of healthy aging38. Interestingly, early AD 

also targets hippocampal damage at the beginning, reflecting that age-related 

hippocampal-dependent memory is highly linked to memory loss in both AD and 

healthy older adults39. 
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Fig.1 Age-related cognitive changes. (a) Cross-sectional data represent the declines 

are visible in all domains except verbal and numeric ability. (b) Longitudinal data from 

the same study show a significant decline in all domains after the age of 55. Figure 

adapted from Hedden et al40. 

 

There are a lot of unique hallmarks of aging in the brain at the cellular level41. Over the 

last decades, numerous studies have indicated that the progression of 

neurodegeneration is highly linked to the molecular changes in the following 

mechanisms (1) Mitochondrial dysfunction; (2) Aberrant neural network activity; (3) 

Dysfunctional oxygen metabolism; (4) Intracellular oxidatively damaged; (5) 

Inflammation; (6) Repair of damaged DNA; (7) Neuronal Ca2+ signal dysregulation 

and so on42. Aging has an impact on the brain's ability to scavenge free radicals, and the 

constant production of reactive oxygen species (ROS) reduces antioxidant defense 

function. In contrast, ROS in neurons is mostly produced by mitochondrial respiratory 

activities. Oxidative stress and mitochondrial dysfunction are therefore closely related43. 

Mitochondria are present in the dendrites and axons of neurons and play a crucial role 

in cellular energy consumption and Ca2+ homeostasis regulation44. Furthermore, 

mitochondrial membrane permeability transition pores are involved in programmed cell 

death, which is commonly observed in a range of neurodegenerative diseases45. There 

is evidence that both altered mitochondrial morphology and functional deficits in the 

brain of animals are age-related, for example, enlargement or fragmentation of 

mitochondria can significantly shorten lifespan46. Studies have also shown that 

hippocampal neurons in aged mice have increased susceptibility to Ca2+, that aging 

leads to abnormally high intracytoplasmic Ca2+ levels, and that restoring neuronal 
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Ca2+ homeostasis significantly improves cognitive deficits in aged mice47. 

Simultaneously, disturbances in the neural network cause an imbalance in excitability 

and an inflammatory response in the elderly brain, with aberrant activation of microglia 

and the generation of significant amounts of pro-inflammatory cytokines, which cause 

oxidative damage to neurons and the neuroinflammatory process is aggravated by 

astrocyte damage48. As described above, these hallmarks and molecular changes 

accelerate the aging process and raise the chance of cognitive impairment. 

 

Learning and Memory 

Learning is a process of conscious or unconscious acquisition of new understandings, 

behaviors, and skills. Human learning begins at birth and continues until death, as a 

result of the constant interaction between humans and the environment. Learning can 

be translated into memory, so the underlying mechanisms of learning and memory are 

a hot topic of research in many fields, including neuroscience and psychology. Memory 

is an important function of the brain. It represents the accumulation of a personôs 

impressions of past activities, feelings, and experiences. It is the neurological systemôs 

ability to store prior events. It is the process through which the human brain identifies, 

memorizes, maintains, and reproduces what has happened. It also serves as the 

foundation for higher organisms to engage in complex mental functions like thinking 

and imagination49. The basic process of memory development, according to the current 

understanding of memory formation mechanisms, is made up of three links: recognition, 

retention, and recall50. The process also changes dynamically over time. Memory is the 

basic function of people's learning and work. It influences human ideas and serves as a 

bridge between people and society. Our life will be worthless if we lose our memories. 

 

Hippocampus in learning and memory 

Studies in primates and rodents have verified that the hippocampus is a very important 

brain area for acquiring and consolidating memory, and it is the central area of learning 

and memory51. The hippocampus is located beneath the temporal lobe and the cerebral 
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cortex and is mainly composed of the dentate gyrus (DG) and the cornus ammonis (CA), 

which the latter can be further subdivided into three regions CA1-CA3. Together these 

structures make the anatomical shape of the hippocampus similarly to the letter ñCò52.  

The mature hippocampal signal is a one-way output, which means that the signal 

provided by the DG travels via multiple CA regions to reach various brain locations 

before being received by the entorhinal cortex53. In addition, different areas of the 

hippocampus also have different functions. The dorsal area dominates spatial learning 

and memory, and the ventral area connects to the amygdala, which is related to fear and 

stress54. Moreover, the hippocampus is closely associated with AD as it is one of the 

first areas of the brain to suffer cognitive damage and is primarily characterized by a 

progressive loss of hippocampus-dependent memory capacity. This is not only reflected 

in normal recognition memory and spatial memory deficits, but also interferes with the 

formation of new memories. It is well documented that the hippocampus plays an 

irreplaceable and important role in learning memory55,56. 

 

 
Fig.2 Hippocampal structure. Figure adapted from Craig. M.V et al57.  

 

Molecular mechanisms of learning and memory 

Neurophysiologically, different forms of memory are related to the functions of 

different brain regions, synaptic plasticity, and neuronal networks. Therefore, it is 

reasonable to assume that memory storage involves multiple cellular mechanisms58. It 
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is widely acknowledged that short-term memory (STM) is primarily governed by 

temporal alters within synapses, but long-term memory (LTM) is influenced by changes 

in gene expression, which result in long-term cellular changes59,60. STM has a limited 

capacity, demanding the use of cellular processes that may be engaged instantly upon 

request. In the STM process, the molecular alterations that occur in memory formation 

neurons are due to the existing proteins being covalently modified by different kinases. 

Relatively, LTM requires more extensive modifications starting with protein synthesis61. 

Studies found if neurons were treated with a moderate, low-frequency electric pulse, 

their responses remained steady without any changes in synaptic transmission strength, 

while tonic stimulation causes neuronal hyperexcitation increasing the postsynaptic 

potential (EPSP) which will remain elevated over time. This response is termed long-

term potentiation (LTP) and is recognized as the main mechanism in the memory 

process at present62. It requires the involvement of two major ionotropic glutamate 

receptors, N-methyl-D-aspartate receptors (NMDA) and Ŭ-amino-3-hydroxy-5-methyl-

4-isoxazolepropionic acid receptors (AMPA). The activation of NMDA leads to 

calcium influx in hippocampus and while calcium influx occurs can stimulate the 

long-term plasticity of synapses and trigger lasting changes in neuronal structure. In 

turn, this process will further initiate an enzymatic cascade, which is ultimately 

responsible for synaptic transmission through the enhancement of AMPAR and the 

increase of transmitters63ï65. In addition, once the concentration of calcium influx 

exceeds a certain threshold, it will activate CaM-dependent adenylate cyclase to 

produce cAMP and activate the transcription factor cAMP-responsive element-binding 

protein (CREB) through the PKA/MAPK pathway66,67. CREB can maintain LTP over 

time and consolidate long-term memory formation. Phosphorylated CREB activates the 

transcription of plasticity-related genes by binding to the response element cAMP, 

triggering the generation of new synapses68,69. 

 

Chromatin plasticity 

In molecular cell biology, histone protein determines the structure of chromatin in the 
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nucleus of eukaryotic cells. The epigenetic process is centered on histone modifications 

in addition to the two major processes of DNA methylation and non-coding RNA70.  

DNA with a length of 147 base pairs is wrapped in a histone octamer, which constitutes 

the nucleosome, the fundamental unit of chromatin. And each octamer is composed of 

two sets of four histone dimer pairings, two H2A/H2B and two H3/H4. This 

relationship is due to the fact that positively charged histones can bind negatively 

charged DNA71.  

 

Histones are susceptible to post-translational modifications such as methylation, 

acetylation, ubiquitylation, phosphorylation, etc based on different amino acid residues 

in the N-terminal tail. In turn, these modifications can weaken the positive charge 

carried by histones and thereby weaken the attraction between DNA72. This kind of 

interaction between the histone-DNA can occur on the promoter. As a result, the active 

chromatin transitions from a relaxed to a compact heterochromatin state, making it 

easier for transcription factors to reach the DNA for activation or repression. One 

classic example is acetylation, which often occurs on histone lysine residues and acts 

as an activator of genes during transcription. The key to maintaining acetylation 

homeostasis on chromatin is through cooperation between the catalytic function of 

histone acetyltransferase (HAT) and the inhibition of transcriptional activity by histone 

deacetylase (HDAC). Both HAT and HDAC are highly specialized and diversified 

enzyme families and their acetylation or deacetylation is targeted at the tagging or 

removal of specific amino acid residues from the histone tails73,74.  

 

Histone modifications have an impact on gene splicing. The histone reader is able to 

recognize existing histone modification tags, while the writer can mark the tag, the 

eraser can in turn remove it to create a different pattern of expression75. For example, 

the methyltransferase KMT2A adds methylation to histone 3 lysine 4 residues to 

activate the gene, in turn, HDAC can inactivate gene expression by erasing the acetyl 

group76. Different stimuli lead to histone modifications that are variable and essential 
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for memory formation. In fact, many studies to date have demonstrated that histone 

modifications in the brain particularly in the hippocampus area have crucial effects on 

learning and memory. Pavlovôs fear conditioning experiments provide strong evidence 

of increased levels of histone methylation and acetylation in the hippocampus of mice 

following stimulation. Moreover, the reversal of fear memory also depended on the 

regulation of histone modifications77. Another supporting study showed that interfering 

with chromatin modifications affects the formation of LTP78,79. Upregulation of histone 

acetylation levels with HDAC inhibitors enhances LTP for consolidated memory 

formation80. In addition to acetylation, histone methylation is also inextricably linked 

to memory and plays an important role, which will be described in detail below. 

 

  

Fig.3 Nucleosome structure. Figure adapted from Meng. Y.L et al81. 

 

Histone Methylation 

Histone methylation is the process of transferring methyl to histone amino acids that 

form nucleosomes, which can regulate gene expression and allow various genes to be 

expressed by different cells. This process can both enhance and reduce the transcription 

of genes, depending on the location of the methylated amino acids in the histone and 

the number of attached methyl groups82. Similar to acetylation, methylation also 

happens at lysine residues in the histone tails and is regulated by histone 

methyltransferase (HMT) and histone demethylase (HMD) to enhance or counteract 

activity. A feature that distinguishes it from acetylation, however, is that histone 



11 

 

acetylation tends to add only one residue, whereas histone methylation can be 

monomethylated, dimethylated and trimethylated, produced by specialized enzymes83. 

It is worth noting that regardless of the status of histone lysine methylation, it can be 

applied in either a non-progressive or progressive manner. Thus, methylation is a highly 

complicated process that is linked to both active euchromatin and the formation of 

heterochromatin, which is linked to gene silence84.  

 

Furthermore, histone methylation is involved in transcription. For example, 

trimethylation of histone H3 at lysine 4 (H3K4me3) is for labeling active transcripts. 

However, dimethylation of histone H3 at lysine 9 (H3K9me2) serves to repress 

transcription85. Activation of further inhibition of transcription depends on the addition 

of methyl groups to histones by histone methyltransferases. Animal models have 

demonstrated that histone methylation is closely linked to aging and neurodegenerative 

diseases86. This epigenetic mechanism modifies the structure and properties of 

nucleosomes, influencing their interactions with proteins and, in particular, the 

transcription process for genes. 

 

H3K4 Methylation in learning and memory 

As previously stated, histone methylation allows for changes in chromatin structure 

without affecting the underlying genetic sequence, whereas lysine methylation in the 

histone tail is an essential part of the field of neuroepigenetics. Rather than changing 

histone charge characteristics, the methylation process mostly changes hydrophobicity. 

Specifically, H3K4 methylation is frequently active at transcriptional initiation sites of 

transcribed genes to facilitate transcriptional regulation and is therefore commonly 

identified as a hallmark of transcriptional activity87. As for the mechanism by which 

H3K4 methylation might work, there are two main speculations. One is that the process 

of H3K4 methylation will gradually change the structure of higher chromatin, and the 

other is that methylation will interfere with the binding of effector proteins and thus has 

an impact on the process that mediates downstream signals88,89. 
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In addition, H3K4 methylation was graded to produce mono-, di- or trimethylated 

H3K4 (H3K4me1, H3K4me2 and H3K4me3, respectively) as well as unmethylated 

H3K4 to form distinct histone configurations90. In view of the diversity of methylation, 

the function of H3K4 methylation is also different. H3K4me1 has been widely used in 

many studies to identify or predict enhancers of cell-type-specific gene expression 

based on their binding chromatin label and protein loci. Comparatively, H3K4me2 is 

uniformly distributed in the coding area and is primarily responsible for the expression 

of the active genes, as well as playing an important role in transcriptional memory. This 

is mostly due to the fact that H3K4me2 remains in the gene following fast transcription. 

H3K4me3 is abundant near the transcription start site, promoting gene expression, and 

is tightly connected to active promoters and nuclear processes such as pre-mRNA 

splicing after receiving the stimulus91ï93. 

 

Evidence revealed mutations in multiple genes producing H3K4 methylation modifiers 

have been linked to learning, memory and cognitive impairment in many animal models. 

Meanwhile, itôs implicated in the regulation of neural memory formation. For example, 

when animals that had received foot shocks were given the relevant signals again, 

H3K4me3 levels in critical output sub-regions of the hippocampus CA1 region were 

considerably higher than in control rats. Interestingly, knockdown of a specific 

methyltransferase decreased the level of H3K4me3 and inhibited the recovery of this 

memory, suggesting a causal relationship between H3K4me3 and memory94. Clinical 

findings showed that H3K4 methylation patterns had changed in ASD post-mortem 

brain tissue and other human brain ChIP-seq data also indicated H3K4me3 marks are 

found in approximately 30,000 peaks across the genome95. Although its function in the 

neurological system is very weakly known, at least the behavioral and cognitive deficits 

caused by H3K4 methylation are related to its associated enzymes in certain, which is 

an important direction for future research. 
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Fig.4 H3K4 methylation. (a) Histone octamers can be mono-, di-, or tri-methylated. 

(b) H3K4me1, H3K4me2, and H3K4me3 are in different regions of the genome. Figure 

adapted from Bridget E. Collins et al90. 

 

Histone dynamic controllers: methyltransferases and demethylases 

H3K4 methylation is not a static process and its epigenetic control is balanced by the 

reverse regulation of a series of enzymatic members, the lysine methyltransferase 

(KMT) ówritersô and the lysine demethylase (KDM) óerasersô. Loss of either underlying 

enzyme activity will result in altered levels of H3K4 methylation throughout the 

genome96. However, the continuity of the dynamic processes and the specific 

mechanisms involved in methylation by individual enzymes are still unclear. 

 

Initially, the first H3K4 methyltransferase which only encodes Set1 was identified in a 

COMPASS (Complex of Proteins Associated with Set1) complex in yeast. Set1 is an 

enzymatically active component of the COMPASS complex and is the only methylase 

that can regulate H3K4 mono-, di-, and trimethylation97. Three Set1 homologs can be 

presented in Drosophila, termed Trithorax (Trx), Trithoraxrelated (Trr), and dSet1 

proteins. Higher mammals such as humans can express six Set1 homologs that can 

methylate H3K4. In line with it, KMT2A and KMT2B are a group of Drosophila Trx 

homologs, KMT2C and KMT2D are a pair of Drosophila Trr homologs, whereas 

KMTSet2E and KMT2F in mammals are homologs to dSet1 of Drosophila. Notably, 
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the SET1 structural domain is typically conserved in both yeast and humans98,99. 

 

Structurally, all H3K4 methylases are composed of a C-terminal catalytic SET domain 

for histone methylation, a PHD domain that participates in the interaction between 

proteins, and an HMG region used for DNA binding. Moreover, there is a 

óWRAD complexô made up of four shared components (WDR5, DPY-30, ASH2L, and 

RBP5 respectively) similar to the COMPASS complex that may contribute to directing 

the enzymeôs affinity towards certain genomic regions100. For example, MENIN itself 

as a tumor suppressor protein also is a part of the KMT2A and KMT2B complexes. 

Similarly, WDR82 is a key component of the other complexes90. These 

methyltransferases in humans have been demonstrated to have distinct targets in line 

with these diverse assemblies, implying that structural differences lead to 

corresponding functional differences. Furthermore, any complex component deletion 

causes a large drop in H3K4 methylation. 

 

Many people believe that histone methylation is an irreversible ópermanentô epigenetic 

modification that can only be reversed by exchanging histones. This inherent 

impression lasted until 2004 when the first Lysine (K)-specific demethylase 1A 

(KDM1A) appeared101. Following this fundamental finding, people realized that 

unrestricted H3K4 methylation, like over-restricted methylation, can generate a lot of 

nuclear resentment. There are mainly two families of H3K4 demethylases in humans, 

KDM1 and KDM5, with six members namely KDM1A, KDM1B, KDM5A-KDM5D. 

Interestingly, because of substrate variations and differential catalytic mechanisms, the 

KDM1 family is only able to delete methyl groups from H3K4me1 and H3K4me2, 

unlike the KDM5 enzymes, which also remove methyl from H3K4me390. The KDM1 

family of enzymes was subsequently characterized as being dependent on flavin 

adenine dinucleotide (FAD) and amine oxidase domain interactions for demethylation. 

This dependence requires a pair of electrons on the nitrogen of the lysine side-chain to 

oxidize the single bond of the methyl group. Therefore, trimethylated lysine cannot be 
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removed because KDM1 family members lack a lone electron pair in side-chain 

nitrogen. In contrast, KDM5 family enzymes rely on iron and the N-terminal catalysis 

of Ŭ-ketoglutarate. The JmjC structural domain does not need a nitrogen-carbon double 

bond and it thus can remove trimethylating lysine100,102. 

 

 
Fig.5 Enzymology of H3K4 methylation and demethylation. (a) H3K4 

methyltransferase evolutionary tree diagram. (b) H3K4 methylation and demethylation 
reaction pathways. (c) Each KMT2 family member forms a bubble diagram of 

COMPASS-like complexes. (d) Alternative names of H3K4 enzymes. Figure adapted 

from Bridget E. Collins et al90. 

 

H3K4 demethylases preferentially operate on specific genomes to regulate their activity, 

although the basis for this preference is unknown. For example, the KDM1 family is 

essential in the process of embryogenesis and cell proliferation. The lack of any KDM1 

enzyme can result in the death of embryonic mice. Another example is that neurological 

research has discovered that KDM5C functions primarily in mature neurons and 

regulates their basic activity by changing the methylation levels of their enhancers. 

Meanwhile, the absence of KDM5C function is connected to the occurrence and 

development of X chromosome-linked mental retardation103,104. KDM5B works 
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similarly to other demethylases in the KDM5 family, both of which are involved in 

developmental processes. According to research, KDM5B interacts with PcG protein, 

which is involved in transcriptional inhibition. Further, injection of KDM5B into 

reconstructed embryos significantly decrease the level of H3K4me3 and rescued the 

expression of several developmentally relevant genes. According to the latest research, 

KDM5B enhances immune evasion by enlisting the help of SETDB1 to silence 

retroelements105,106. 

 

 

Fig.6 Neuronal functions of KDM5B. Figure adapted from Hayden A. M. H et al107. 

 

In this thesis, I will be focusing on two distinct types of dementia, namely AD and FTD. 

I will detail the genetics and molecular pathogenesis of AD in the first half of the 

introductory section, and then discuss FTD and how the small non-coding RNAome 

plays a role in the pathogenesis of FTD disease in the second section. 

 

Alzheimerôs Disease 

Dementia is not a unique illness in the scientific sense, but rather a collection of brain 

disorders symptoms that occur as a result of the disease. It will have a severe and 

negative impact on a personôs memory, logical thinking, personality, and social 
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behavior, interfering with their daily life and putting an unbearable financial strain on 

the family1. According to ADI (an International Alzheimerôs Association) statistics by 

2021, more than 55 million people globally have dementia at present, with the number 

growing every day reach to 78 million by 2030. Among all different types of dementia, 

AD, as an irreversible and highly age-related neurodegenerative disease, will gradually 

destroy brain function with the continuous increase of age, currently becoming the most 

common type of dementia, accounting for the total incidence of 60-80%108. It is also 

the third leading cause of death in the elderly after heart disease and cancer.  

 

In terms of disease progression, AD is a slowly progressive neurodegenerative disease 

that can be broadly divided into several main stages109. The first stage is from healthy 

aging to the pre-dementia stage, which is commonly described as a very mild cognitive 

impairment that begins within the first five years of a clinical diagnosis of dementia. 

During this period, there is no noticeable worsening in the patientôs activities of daily 

living. The second stage is the transition from pre-dementia to mild cognitive 

impairment (MCI), which is characterized by a lower quality of life, a tendency to 

depression, some spatial disorientation as well as avoidance of social interaction. But 

the majority of the time, patients can live on their own. So, in this stage, if the 

development of MCI can be delayed in time, the prevalence of dementia and the cost 

of treatment will be considerably reduced. However, because the symptoms of MCI are 

very similar to age-related memory disorder, thus it is hard to diagnose and easily 

misses the ideal opportunity for treatment. The third stage is the Moderate dementia 

stage, including indifferent expression, and severe memory loss from recent and 

unpredictable behavior110. As many as 20% of patients experience hallucinations, which 

may be closely related to Cholinergic defects and at the same time, the patient showed 

a certain aggressiveness. Eventually, in the later stages of the disease, the patient suffers 

significant impairment of almost all cognitive processes. They will lose the ability to 

care for themselves completely111. It is therefore an extremely serious progressive 

neurodegenerative disease that occurs in the elderly. 
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Fig.7 (a) healthy brain and (b) Alzheimerôs disease brain. Figure adapted from 
Zeinab. B et al110. 

 

Genetics of AD 

AD is a multifactorial disease, with genetic risk accounting for 70-80% of the incidence 

and external environmental factors accounting for only about 20%24. Genetic factors 

include genes associated with familial AD and sporadic AD. Broadly speaking, the 

genes closely associated with early-onset familial AD are amyloid precursor protein 

(APP), and presenilin (PSEN), while the gene that is closely involved in common 

late-onset sporadic AD is APOE (See table below)112. The widely known APOE Ů4 

allele describes a significant portion of the heritability of AD (but not entirely), and a 

genome-wide study showed that the APOE Ů4 allele increased the risk of AD by 3-4 

times18. Furthermore, there are approximately 40 other genetic variants that also 

contribute to the increased risk of AD113. Interestingly, the function of these risk loci 

reveals that in addition to the influence of ɓ-amyloid metabolism, a number of immune 

cause-related lipid metabolic functions, endocytosis, and vascular factors (e.g. TREM2, 

ABCA1, ABCA7, and SORL1) also play an important regulatory role in the 

development of AD. Studies have found that AD patients express protein damage 
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variants of these genes, implying that the undamaged protein products of these genes 

are equally crucial for maintaining brain health114ï117. 

 

Table.1 Familial Alzheimerôs disease genes and pathogenic effects. Table adapted 

from Rudolph E. Tanzi112. 
 

Pathophysiology of AD 

Scientists specify that at the level of molecular markers and pathology, AD is associated 

with abnormal protein aggregation. Extracellular Amyloid-Ç plaque (AÇ) deposits, as 

well as misfolded intracellular neurogenic fibers (or tau tangles) caused by 

neuroinflammation, aging, vascular disease, etc., are common in AD patientsô brains118. 

Furthermore, the brainôs nerve cells (neurons) and synapses connections are lost. These 

brain traits are regarded to be some of the most prominent characteristics of AD. 

Meanwhile, changes in microglia and astrocytes can also lead to the insidious 

progression of AD. Microscopic pathological changes can gradually induce the 

macroscopic atrophy of the hippocampus, amygdala, and neocortex119,120. According to 

the progress of its pathological development and the severity of symptoms, AD can be 

described and divided into different grades by the Braak stage. Evidence showed slight 

cortical and hippocampal lesions will appear in the early stages, the abnormal 

deposition of tangles usually starts in the internal olfactory area (stage I-II) then spreads 

to cerebral cortex areas (stage III-IV), and ultimately reaches the neocortex 

(stage V-VI)121. 
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Fig.8 Pathophysiology of Alzheimerôs disease. Figure adapted from Rishika. et al122. 

 

Epigenetics factors in AD 

For the past few years, epigenetics has become a research hotspot in central nervous 

system diseases and cancer. Moreover, the functions of epigenetics have been 

confirmed in numerous fields of biology, revealing the interaction between genes and 

the expression of genotypes. DNA methylation, histone changes, chromatin remodeling, 

and non-coding RNA regulation are all epigenetic factors. Nowadays, many researchers 

are examining the possible significance of epigenetics in the pathophysiology of AD123. 

 

DNA methylation: DNA methylation alters cytosine residues by adding methyl groups 

to areas rich in cytosine/guanine, such as CpG islands. DNA methyltransferases 

(DNMT), including DNMT1, DNMT2, DNMT3a, and DNMT3b, initiate the process. 

This section explores the notion that AD is caused by aberrant DNA methylation in a 

few specific genes and the possible significance of methylation as a biomarker for AD. 

For example, it was discovered that some cytosines in the promoter region of the APP 

gene, notably those between 207 and approximately 182, are mostly methylated and 

that their demethylation with age may result in A deposition in the aging brain. 

Methylation of the microtubule-related protein tau (MAPT) gene may also inhibit 


