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   Abstract

								
									Alzheimer's disease (AD) and frontotemporal lobar degeneration (FTLD) are two of the most prevalent neurodegenerative disorders, characterized by progressive cognitive decline and behavioral impairment. AD is the leading cause of dementia globally, while FTLD is the primary cause of early-onset dementia, particularly in individuals under 65. Despite clinical overlaps, these diseases differ in their pathological hallmarks, genetic underpinnings, and molecular mechanisms. This review aims to provide a brief overview of the genetic factors of AD and FTLD, highlighting their distinct pathogenesis in the progression of neurodegenerative diseases.
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								Abbreviations

								
									A: Amyloid-Beta; ABCA7: ATP-Binding Cassette Sub-Family A Member 7; AD: Alzheimers Disease; APP: Amyloid Precursor Protein; APOE: Apolipoprotein E; BIN1: Bridging Integrator 1; CHMP2B: Charged Multivesicular Body Protein 2B; CLU: Clusterin; CR1: Complement Receptor 1; CSF: Cerebrospinal Fluid; EOAD: Early-Onset Alzheimers Disease; FAD: Familial Alzheimers Disease; FTD: Frontotemporal Dementia; FTLD: Frontotemporal Lobar Degeneration; FUS: Fused in Sarcoma; LOAD: Late-Onset Alzheimers Disease; MAPT: Microtubule-Associated Protein Tau; OPTN: Optineurin; PGRN: Progranulin; PICALM: Phosphatidylinositol-Binding Clathrin Assembly Protein; PSEN: Presenilin; SNPS: Single-Nucleotide Polymorphisms; SORL1: Sortilin Receptor 1; SQSTM1: Sequestosome 1; TBK1: TANK-Binding Kinase 1; TDP-43: TAR DNA-Binding Protein of 43 kDa; TREM2: Triggering Receptor Expressed on Myeloid Cells 2; VCP: Valosin-Containing Protein; VLDL: Very-Low-Density Lipoproteins
								

								Introduction

								
									Neurodegenerative diseases represent a growing global health burden. Among them, AD and FTLD are two entities of major neurodegenerative disorders, leading to dementia, especially among young patients (<65-years-old) [1]. While both diseases result in neuronal loss and brain atrophy (Figure 1), they target different brain regions and involve divergent molecular pathologies [2]. AD primarily affects the hippocampus, entorhinal cortex, and temporal-parietal cortex, and FTLD predominantly involves the frontal and temporal lobes.
								

								Alzheimers Disease (AD)

								
									AD is a devastating neurodegenerative disorder and stands as the leading cause of dementia, accounting for an estimated 60-80% of all cases worldwide [3]. Currently, around 50 million individuals globally are grappling with some form of dementia. Alarmingly, as life expectancy continues to rise, projections suggest that by 2050, this figure could soar to 139 million, creating profound socioeconomic challenges and overwhelming our health systems [3].
								

								
									AD progresses through stages, typically described as mild, moderate, and severe dementia, with mild cognitive impairment often preceding the dementia stages (Table 1). AD is typically classified by the age at which symptoms manifest. Early-onset Alzheimers disease (EOAD) usually strikes before the age of 60-65, while late-onset Alzheimers disease (LOAD) most commonly begins after 60. EOAD, sometimes referred to as familial Alzheimers disease (fAD), is linked to the inheritance of autosomal dominant mutations in three key genes: Amyloid precursor protein (APP), presenilin 1 (PSEN1), and presenilin 2 (PSEN2). This form of the disease represents only about 5% of all AD cases. In contrast, the vast majority fall under the category of LOAD, which is also referred to as sporadic, a far more intricate disorder influenced by a complex interplay of genetic risk factors. While EOAD is unequivocally inherited, with a 100% heritability rate, LOAD is between 60-80% heritable, with environmental factors-such as diet, brain injury, lifestyle choices, and certain medications-contributing to the remaining cases [4].
								

								Genes related to early-onset Alzheimers disease

								
									
										 APP
									
									: APP is central to AD pathology, undergoing proteolytic processing through two main pathways: non-amyloidogenic and amyloidogenic. In the non-amyloidogenic route, APP is cleaved by -secretase within the A domain, which prevents A formation and yields protective fragments. In contrast, the amyloidogenic pathway involves initial cleavage by -secretase (BACE1), followed by -secretase, producing A peptides (A40 or A42) (Figure 2) [5]. Of these, A42 is more aggregation-prone, contributing to plaque formation in AD.
								

								
									Non-Amyloidogenic Pathway (-Secretase Pathway)-Neuroprotective
								

									
										• APP is cleaved by -secretase within the A region, preventing the formation of A.
									

									
										• This generates soluble APP (sAPP) and a C-terminal fragment (C83).
									

									
										• C83 is further processed by -secretase, producing a p3 peptide and an APP intracellular domain (AICD).
									

									
										• Amyloidogenic Pathway (-Secretase Pathway)  A Production
									

									
										• APP is first cleaved by -secretase (BACE1), generating soluble APP (sAPP) and a C-terminal fragment (C99).
									

									
										• C99 is then cleaved by -secretase (PSEN1/PSEN2/nicastrin/APH-1), releasing A peptides (A40 or A42) and AICD.
									

									
										• A42 is prone to aggregation, forming oligomers, plaques, and contributing to AD pathology.
									

								
									
										PSEN1 and PSEN2:
									
									Mutations in PSEN1 and PSEN2 cause fAD [6]. These mutations increase the production of neurotoxic A42, which is more aggregation-prone than A40 [7]. PSEN1 mutations are more common and lead to earlier onset (ages 30 to 50) and aggressive disease progression, while PSEN2 mutations are rarer [8].
								

								Genes related to late-onset Alzheimers disease

								
									
										 Apolipoprotein E:
									
									Apolipoprotein E (APOE), a 34-kDa protein composed of 299 amino acids, is mainly produced by astrocytes, microglia, and choroid plexus cells within the central nervous system [9]. It exists in three primary isoforms: APOE2, APOE3, and APOE4, differing at positions 112 and 158. These structural variations significantly impact APOEs functions. APOE2, which binds weakly to LDL receptors, offers a protective effect against AD. Conversely, APOE4 is linked to reduced A clearance and enhanced aggregation, substantially increasing AD risk depending on allele copy number.
								

								
									APOE isoforms vary at positions 112 and 158: APOE2 (Cys112, Cys158), APOE3 (Cys112, Arg158), and APOE4 (Arg112, Arg158) [10]. Changes in these amino acids alter APOE's structure. For example, Cys-158 in APOE2 disrupts a salt-bridge, reducing positive potential and affecting receptor binding. Arg-112 in APOE4 shifts lipid binding preference from HDL to very-low-density lipoproteins (VLDL). Additionally, the interaction between amino acids 61 and 112 affects lipoprotein binding, explaining APOE4's higher affinity for VLDL compared to APOE2 and APOE3, which bind to HDL [11].
								

								
									
										 Clusterin:
									
									Clusterin (CLU), or apolipoprotein J (ApoJ), is a glycoprotein that plays a key role in AD pathology, particularly in lipid transport, protein folding, apoptosis, and inflammation [12]. It is linked to A metabolism and clearance. Genome-wide association studies (GWAS) have identified CLU as a significant risk gene for late-onset AD, with certain polymorphisms increasing risk [12]. Specific polymorphisms in the CLU gene, particularly rs11136000 and rs9331888, have been associated with increased risk of AD [13]. CLU binds to A peptides, influencing their aggregation, toxicity, and clearance, and facilitates A transport across the blood-brain barrier, promoting microglial and astrocyte uptake for degradation.
								

								
									In AD, CLU levels are elevated in the brain and cerebrospinal fluid (CSF) [14]. CLU is found in A plaques and interacts with neurofibrillary tangles and modified Tau species. Lipidated CLU binds A, forming complexes taken up by microglia via TREM2 [15]. This suggests that changes in CLU isoform expression may impact A uptake and clearance.
								

								
									
										 Phosphatidylinositol-binding clathrin assembly protein:
									
									Phosphatidylinositol-binding clathrin assembly protein (PICALM) is crucial for clathrin-mediated endocytosis and is implicated in AD. PICALM facilitates the uptake of A into microglia and endothelial cells for degradation. PICALM regulates the internalization of A via low-density lipoprotein-receptor-related protein-1 (LRP1), promoting A clearance and transcytosis [16]. Reduced PICALM levels impair A clearance, leading to its accumulation, a hallmark of AD.
								

								
									
										Bridging integrator 1:
									
									The Bridging Integrator 1 (BIN1) locus stands out as a pivotal genetic risk factor for late-onset AD [17]. Within the adult brain, BIN1 is predominantly expressed by oligodendrocytes, microglial cells, and glutamatergic neurons, with a striking reduction in expression noted in AD patients. This essential gene plays a vital role in membrane dynamics, endocytosis, cytoskeleton organization, and tau pathology, firmly linking it to neurodegeneration. While BIN1 is associated with both amyloid and tau pathology, some studies report contrasting findings, highlighting the complexity of this relationship [18]. A decrease in BIN1 expression has been shown to trigger an increase in A production and accelerate tau aggregation in neurons [17]. Moreover, elevated levels of phosphorylated tau in the cerebrospinal fluid of AD patients have been found to correlate with genetic variants in the BIN1 locus, underscoring the intricate connection between genetics and the progression of Alzheimer's disease.
								

								
									
										 Complement receptor 1:
									
									Complement Receptor 1 (CR1) is a genetic risk factor for late-onset AD, identified in genome-wide association studies [19]. As a component of the complement system, CR1 is involved in immune response, synaptic pruning, and clearance of A plaques. The single-nucleotide polymorphisms (SNPs) rs3818361 and rs6656401 in the CR1 gene are associated with an increased risk of AD [20,21]. Notably, rs6656401 has also been implicated in promoting vascular deposition of A. Another study identified five SNPs (rs10494884, rs11118322, rs1323721, rs17259045, and rs41308433) linked to A accumulation in the brain [22]. Notably, rs17259045 was associated with reduced A accumulation in AD patients, while rs12567945 could increase CSF A42 in the control population. CR1 mRNA levels correlate with neurofibrillary tangle density and tau abundance, suggesting CR1's role in inflammatory processes associated with AD. CR1's modulation of A clearance, both peripherally via erythrocytes and directly in the brain by microglia, is crucial for its contribution to AD.
								

								
									
										 TREM2
									
									
										:
									
									 TREM2 (triggering receptor expressed on myeloid cells 2) is a key gene influencing the risk of LOAD [23]. It encodes a lipid receptor found in microglia, signaling through DAP12 to activate pathways that regulate microglial functions like phagocytosis and lipid processing. Mutations in the TREM2 gene are risk factors for Alzheimer's, similar to ApoE. TREM2 also interacts with several ligands, including ApoE and A, which can activate TREM2 signaling [24]. The TREM2 R47H variant increases Alzheimer's disease risk by impairing TREM2 function and promoting neuritic dystrophy surrounding plaques [25]. Soluble TREM2 (sTREM2), generated through proteolytic cleavage of full-length TREM2, can be detected in the plasma and CSF of both Alzheimer's patients and healthy individuals [24]. Elevated levels of sTREM2 are seen early in the disease, correlating with brain amyloidosis and tau protein increases, and are associated with protective effects on microglial cell viability and enhanced clearance of amyloid plaques and damaged cells.
								

								
									
										 ATP-binding cassette sub-family A member 7:
									
									ATP-binding cassette sub-family A member 7 (ABCA7) is highly expressed in the brain, particularly in microglia, and plays a significant role in regulating phagocytosis [26]. Research shows that ABCA7 expression is low in astrocytes, moderate in neurons and oligodendrocytes, and high in microglia. Genetic variants in the ABCA7 locus are linked to an increased risk of AD, as ABCA7 is involved in lipid transport, A peptide processing, and immune function. Patients with ABCA7 SNPs are more susceptible to AD, highlighting the importance of functional ABCA7 in protecting against the disease [27]. Furthermore, ABCA7 deficiency impairs clearance of A and cytokine responses in immune cells. It acts as a protector by shuttling A out of brain cells and potentially regulating its production, making it a promising target for AD therapies aimed at enhancing its activity.
								

								
									
										 Sortilin receptor 1
									
									: Sortilin receptor 1 (SORL1) is crucial for the cellular trafficking of amyloid precursor protein (APP) and plays a significant role in generating A peptides in AD [28]. It acts as a sorting receptor that regulates APP transport in neurons. Besides the APOE4 allele, SORL1 is also genetically linked to late-onset AD. SORL1 helps trap APP in the Golgi apparatus, reducing A production, which is associated with senile plaques in AD [29]. SORL1 underexpression leads to increased A, while overexpression decreases APP and extracellular A. Loss of SORL1 appears to be a causal factor for Alzheimers disease.
								

								Frontotemporal Lobar Degeneration

								
									FTLD includes a diverse group of disorders linked to behavioral changes, language impairment, and executive functioning deficits, caused by degeneration of the frontal and temporal lobes [30]. Frontotemporal dementia (FTD), affecting 15-22 per 100,000 individuals aged 45-65, is the second most common form of young-onset dementia [31]. Over the past two decades, research has identified various FTLD genes that explain most autosomal dominant cases, although sporadic cases remain less understood (Table 2). There is a growing need to identify additional FTLD risk genes, particularly with advancements in next-generation sequencing. The key genes associated with FTLD are presented below, highlighting their relevance to this condition.
								

								Microtubule-associated protein tau

								
									The Microtubule-Associated Protein Tau (MAPT) gene, which encodes the tau protein, is implicated in both AD and FTLD, particularly FTLD-Tau, a form of FTD characterized by tau protein inclusions [32]. MAPT encodes the tau protein, which stabilizes microtubules. Pathogenic mutations lead to tau hyperphosphorylation and aggregation, resulting in neuronal dysfunction and neurodegeneration. FTLD cases associated with tau pathology (FTLD-tau) account for approximately 40% of familial cases and are also implicated in other tauopathies such as progressive supranuclear palsy and corticobasal degeneration.
								

								C9 or f72

								
									C9 or f72 plays an essential role in multiple cellular processes, including autophagy, vesicle trafficking, lysosome maintenance, and mTORC1 regulation. Mutations in the C9 or F72 gene are the most common cause of familial ALS and FTLD identified to date [33]. The most common mutation in C9orf72 is a hexanucleotide repeat expansion (GGGGCC), which causes the formation of toxic RNA foci and the production of dipeptide repeat proteins (DPRs) through a non-canonical translation process [33]. These DPRs are believed to disrupt cellular functions, including RNA processing and protein homeostasis, contributing to TDP-43 aggregation and neurodegeneration [34].
								

								GRN (Granulin)

								
									Progranulin (PGRN) is a secreted protein that is taken up by cells and trafficked to the lysosome through receptors like Sortilin and Prosaposin [35]. Inside the lysosome, progranulin is cleaved by lysosomal enzymes (such as cathepsins) into seven granulin peptides, which are important for maintaining lysosomal function. Although initial characterization of PGRN function primarily focused on its role in extracellular signaling as a secreted protein, more recent studies revealed critical roles of granulin peptides in regulating lysosome function, including proteolysis and lipid degradation, consistent with its lysosomal localization [36]. Mutations in progranulin (PGRN) have been reported to be able to cause FTLD through haploinsufficiency, leading to accumulation of lipofuscin in lysosomal lumen, which impairs lysosomal function and increases neuroinflammation [37].
								

								TARDBP (TDP-43)

								
									TARDBP encodes TAR DNA-binding protein of 43 kDa (TDP-43), a protein involved in RNA splicing, transport, and stability [38]. Under normal conditions, TDP-43 is predominantly localized in the nucleus. Mutations in TARDBP cause TDP-43 to mislocalize to the cytoplasm, where it forms aggregates. In various models, mutations within the C-terminal domain of TDP-43 have been found to significantly enhance the intrinsic aggregation of this protein. Notably, the expression of specific TDP-43 mutations, including Q331K, M337V, Q343R, N345K, R361S, and N390D, has demonstrated a marked increase in aggregation and cell toxicity in yeast cells [39]. Moreover, other disease-associated mutations, such as G294A, Q331K, M337V, Q343R, N390D, and N390S, have similarly been shown to amplify protein aggregation when expressed in SH-SY5Y cells. These aggregates disrupt RNA metabolism and neuronal function, contributing to neurodegeneration in FTD and ALS. The phosphorylation of TDP-43 at serine residues 403/404 and 409/410 (p-TDP-43) plays a crucial role in the formation of the pathological inclusions characteristic of TDP-43 proteinopathies.
								

								TANK-binding kinase 1

								
									TANK-binding kinase 1 (TBK1) is a multifunctional serine/threonine kinase involved in inflammation, immune responses, and autophagy. TBK1 serves as a pivotal regulator of autophagy and mitophagy, orchestrating these vital processes through the phosphorylation of key autophagy cargo receptors, including Optineurin and Sequestosome 1 [40]. Mutations in TBK1 are associated with defective autophagy, which impairs the clearance of damaged proteins, including TDP-43 [41]. This leads to the accumulation of TDP-43 in the cytoplasm and contributes to neurodegeneration. TBK1 mutations are linked to both FTD and ALS, often presenting with a combination of cognitive decline and motor symptoms. TBK1 haploinsufficiency highlights the convergence of autophagy dysregulation in neurodegeneration [42].
								

								Fused in Sarcoma

								
									Fused in Sarcoma (FUS) is another RNA-binding protein involved in RNA transport and splicing [43]. Mutations in FUS result in cytoplasmic accumulation and aggregation of FUS protein. FUS proteins are predominantly localized to the nucleus, their mislocalization in the cytoplasm of the motor neurons can be observed in ALS patients, rare cases of FTLD-FUS have been reported, particularly in younger patients [44,45].
								

								Valosin-containing protein

								
									Valosin-Containing Protein (VCP) regulates protein degradation via the ubiquitin-proteasome system and autophagy [46]. Pathogenic mutations in VCP impair these pathways, leading to TDP-43 accumulation. Clinically, VCP mutations cause inclusion body myopathy, Paget disease of bone, and FTLD (collectively termed IBMPFD).
								

								Charged Multivesicular Body Protein 2B

								
									Charged Multivesicular Body Protein 2B (CHMP2B) is involved in endosomal-lysosomal trafficking via the ESCRT-III complex [47]. Mutations in CHMP2B disrupt endosomal sorting and autophagy, leading to ubiquitin-positive but TDP-43-negative inclusions, representing a rare pathological subtype of FTLD [48].
								

								Optineurin and Sequestosome 1

								
									Both Optineurin (OPTN) and Sequestosome 1 (SQSTM1) encode proteins that play a crucial role in autophagy and mitophagy [49,50]. Mutations disrupt autophagic clearance of misfolded proteins, contributing to TDP-43-positive inclusions in FTLD and ALS [51].
								

								Involvement of Mitochondria in the Pathogenesis of AD and FTLD

								
									Mitochondrial dysfunction and excessive production of reactive oxygen species (ROS) are pivotal contributors to the pathogenesis of AD and FTLD. Excess ROS production leads to widespread oxidative damage of lipids and proteins, which can contribute to the formation of lipofuscin, triggering lysosomal storage disease [52,53]. Oxidative modifications of proteins trigger a cascade of misfolding and aggregation of proteins such as A, hyperphosphorylated tau, and TDP-43 [54,55]. These misfolded proteins accumulate into toxic aggregates, leading to the onset of neurodegenerative diseases. So, therapeutic targeting of dysfunctional mitochondrial clearance through the enhancement of mitophagy represents an effective approach to mitigate A and tau pathology [56,57]. This strategy has been shown to reverse cognitive deficits in experimental models of Alzheimers disease.
								

								Conclusion

								
									Alzheimer's disease and FTLD represent distinct yet overlapping neurodegenerative disorders. While AD research has made significant strides, particularly in amyloid-targeting therapies, FTLD remains an urgent area for therapeutic innovation. Continued research into their molecular underpinnings, shared pathways, and divergent clinical manifestations will be essential for advancing early diagnosis, personalized medicine, and ultimately, disease prevention.
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