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2Institute for Memory Impairments and Neurological Disorders, University of California, Irvine, CA, 
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Abstract

The Notch signaling pathway is an evolutionarily conserved cell signaling system known to be 

involved in vascular development and function. Recent evidence suggests that dysfunctional Notch 

signaling could play a critical role in the pathophysiology of neurodegenerative diseases. We 

reviewed current literature on the role of Notch signaling pathway, and specifically Notch receptor 

genes and proteins, in aging, cerebrovascular disease and Alzheimer’s disease. We hypothesize 

that Notch signaling may represent a key point of overlap between age-related vascular and 

Alzheimer’s pathophysiology contributing to their comorbidity and combined influence on 

cognitive decline and dementia. Numerous findings from studies of genetics, neuropathology and 

cell culture models all suggest a link between altered Notch signaling and Alzheimer’s 

pathophysiology. Age-related changes in Notch signaling may also trigger neurovascular 

dysfunction, contributing to the development of neurodegenerative diseases; however, additional 

studies are warranted. Future research directly exploring the influence of aberrant Notch signaling 

in the development of Alzheimer’s disease is needed to better understand this mechanism.
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1. Introduction

The Notch signaling pathway is an evolutionarily conserved cell signaling and interaction 

system [1] involved in a various processes including neuronal development and function 

[2,3], angiogenesis [4], vasculogenesis [5], cardiac development and function [6,7], and 
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maintenance of neural stem cells [8-10]. The system is activated by the interaction between 

five Notch ligands encoded by JAG1, JAG2, and DLL1, DLL3 and DLL4, and four 

transmembrane receptors encoded by Notch genes (NOTCH1-4) [11]. The importance of 

this pathway in cerebrovascular and neurological function has been highlighted by the 

critical role of Notch signaling in conditions such as cerebral autosomal dominant 

arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), Down 

syndrome, and stroke [12-15]. Each of these conditions is linked to cognitive decline and 

dementia, and further analysis of Notch signaling pathways involved in these conditions 

reveals a striking pattern of overlap that implicates Notch signaling in the interface between 

cerebrovascular disease, characterized by vascular brain lesions, and Alzheimer’s disease 

(AD), characterized by amyloid-β (Aβ)-containing plaques and tau-containing 

neurofibrillary tangles. Cerebrovascular disease and AD are the two primary contributors to 

age-related cognitive decline and dementia.

Vascular dementia caused by cerebrovascular lesions is the second most common cause of 

dementia after AD [16]. Cerebrovascular lesions are also the most common secondary 

contributor to mixed dementia, being present in an estimated 30-75% of AD patient brains at 

autopsy [17]. Moreover, up to 100% of AD brains exhibit vascular lesions in the form of 

cerebral amyloid angiopathy (CAA)[18]. Thus, the link between vascular disease and AD is 

well established, but the underlying mechanisms remain unclear. Clues regarding 

mechanisms involved in vascular dementia and AD dementia have been uncovered through 

study of genetically-determined cases. CADASIL is the most common genetic form of 

vascular dementia and is caused by NOTCH3 mutations, strongly implicating Notch 

signaling in vascular dementia. Further supporting the importance of Notch signaling in 

vascular dementia, polymorphisms in NOTCH3 have been linked to age-related 

cerebrovascular disease and stroke [19]. Fascinatingly, case reports have suggested links 

between CADASIL and AD pathophysiology [20-22], potentially implicating Notch 

signaling in AD in addition to its established role in cerebrovascular disease.

Genetic forms of AD dementia include autosomal dominant mutations in the amyloid 

precursor protein gene (APP) and associated enzymes, such as presenilin-1 (PSEN1) and 

presenilin-2 (PSEN2), termed autosomal dominant AD (ADAD). Study of these genetically-

determined ADAD cases have implicated cerebral amyloidosis in the pathoetiology of AD. 

However, recent brain imaging studies revealed that ADAD patients also exhibit 

cerebrovascular lesions during the earliest stages of the disease process [23], and these 

lesions cannot be fully accounted for by the presence of CAA [24], potentially implicating 

cerebrovascular disease in the pathophysiology of AD. Down syndrome is another 

genetically-determined cause of AD, with 100% of Down syndrome patients ultimately 

developing early onset AD dementia. Down syndrome is caused by trisomy 21, leading to 

increased amyloid precursor protein (APP) production, which may account for the 

connection between Down syndrome and AD dementia. As with other genetic forms of AD, 

recent evidence from neuroimaging and autopsy studies now indicates all Down syndrome 

patients with AD dementia also exhibit extensive cerebrovascular lesions [25,26]. 

Interestingly, molecular studies have revealed that increased APP production drives 

competitive inhibition of Notch-1 cleavage by their shared presenilin-1 enzyme, potentially 

suggesting Notch signaling abnormalities could impact all forms of ADAD, including Down 
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syndrome, which may account for the presence of cerebrovascular disease in these 

populations [26].

Collectively, these studies of genetically-determined vascular and AD dementias place 

Notch signaling directly within the pathways to both vascular dementia and AD dementia, 

the two most common and overlapping neuropathological factors accounting for the vast 

majority of dementia cases [17]. Thus, emerging evidence suggests that dysfunctional Notch 

signaling could play a critical role in the pathophysiology of both vascular and 

neurodegenerative diseases forms of cognitive impairment and dementia [27]. What remains 

unclear is whether Notch signaling is important in the age-related, sporadic forms of 

vascular disease and AD that represent the majority of dementia cases since genetic forms of 

dementia are rare.

The present work provides an overview of the current literature on the role of Notch 

signaling pathway, and specifically Notch receptor genes and proteins, in aging, 

cerebrovascular disease and AD. We hypothesize that age-related Notch signaling changes 

may represent a key point of overlap between vascular and Alzheimer’s pathophysiology 

contributing to their comorbidity and combined influence on cognitive decline and dementia.

2. Notch Signaling and Neurovascular Aging

The Notch signaling pathway is known to play a key role in numerous cellular processes 

during nervous system development as well as in the adult nervous system. Although studies 

examining Notch signaling and vascular smooth muscle cells in aging vessels are scarce, 

decline in skeletal muscle stem cells has been linked to loss of Notch signaling and impaired 

regenerative capacity of aged muscles, suggesting that altered Notch signaling may occur 

with aging [28-30]. The Notch pathway is known to interact with numerous other important 

pathways, including the Wnt pathway, which is involved in cell-fate determination, survival 

and proliferation [31]. The interaction and balance between these different pathways may be 

disrupted in aging and aging-related diseases. For instance, a balance between Notch and 

Wnt signaling is required for regeneration of adult skeletal muscle [32] and angiogenesis 

[33,34], however advancing age may disrupt such interactions and limit regenerative 

capacity [30]. The Notch and Wnt signaling pathways interaction may play a key role in 

vascular sprouting and regression in angiogenesis [34]. Moreover, the Wnt/β-catenin 

signaling pathway is known to be involved in triggering angiogenic factors, such as VEGF 

[35,36]. Although there are few studies examining angiogenesis in AD, altered angiogenesis 

has previously been observed [37], with some studies suggesting that angiogenesis may 

contribute to the pathogenesis of AD [38], and others showing that it may protect against 

memory impairment [39]. Similar to other pathological states, angiogenesis leading to 

healthy vessel formation is likely beneficial for brain function, whereas angiogenesis leading 

to aberrant vessel outgrowth may contribute to neurodegeneration through vessel leakage 

[40-42]. Angiogenesis may be a potential mechanism by which Notch signaling may 

influence AD risk since alterations in Notch signaling could derail healthy new vessel 

formation in response to angiogenic signaling[43]. Studies examining age-related alterations 

in Notch signaling and associated pathways in vascular smooth muscle cells are warranted 
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and could elucidate the role of the vasculature in the development of aging-related 

neurodegenerative conditions.

Notch signaling has also been implicated in age-related vascular diseases such as 

atherosclerosis [29], which have also been associated with AD. For instance, animal models 

suggest that Notch-1 is reduced by a high-fat diet, and reduction in endothelial Notch-1 may 

be a predisposing factor in the onset of vascular inflammation and diet-induced 

atherosclerosis [44]. Balistreri et al. (2016) similarly propose age-related cardiovascular 

disease may be due to the altered interactions between the Notch pathway and major 

inflammatory pathways, resulting in endothelial dysfunction and vascular remodeling which 

may precipitate cardiovascular disease [29]. Cardiovascular diseases are also known to play 

a role in AD [45], and emerging evidence similarly suggests a role for Notch signaling in 

neurogenerative diseases [46]. Further research on the association between angiogenesis, 

atherosclerosis, and AD pathology could yield new insights into the role of vascular 

functioning in AD.

3. Notch Signaling and Alzheimer’s Disease

Multiple Notch gene mutations and proteins have previously been linked to 

neurodegenerative conditions. Here, we review current evidence demonstrating the potential 

involvement of Notch signaling in AD.

3.1. NOTCH3

CADASIL (cerebral autosomal dominant arteriopathy with subcortical infarcts and 

leukoencephalopathy) is a hereditary stroke disorder that results from mutations in the Notch 

receptor 3 gene (NOTCH3; Chromosome 19p13.12), which is required for function and 

maturation of vascular smooth muscle cells [47]. The CADASIL neuropathology is 

characterized by vascular brain injury caused by abnormal accumulation of granular 

osmiophilic material (GOM) and Notch-3 protein in the cytoplasmic membrane of vascular 

smooth muscle cells and pericytes [48]. While increased production or impaired clearance of 

Notch-3 could both result in Notch-3 protein accumulation, previous findings suggest that 

impaired clearance is more likely [48]. Brain Magnetic Resonance Imaging (MRI) of 

CADASIL patients often reveals ischemic infarcts and severe small vessel disease, including 

white matter hyperintensities, lacunes and microbleeds [47] and neuropathological studies 

show vascular smooth muscle cell degeneration, GOM deposition and intimal thickening and 

narrowing of cerebral vessels [49]. Key clinical features of CADASIL include migraines, 

transient ischemic attacks, mood disturbances, and cognitive and motor impairments [49].

Initial evidence for the association between NOTCH3 mutations and AD came from rare 

case studies of CADASIL patients showing colocalization of GOM pathological deposits 

characteristic of CADASIL with Aβ plaques characteristic of AD [20-22], as well as 

observations of precocious AD pathophysiology in younger CADASIL patient brains 

[20-22]. Parenchymal deposition of β-amyloid peptide (Aβ) is considered pathognomonic of 

Alzheimer’s pathophysiology [50] and vascular deposition of Aβ is the cause of cerebral 

amyloid angiopathy (CAA) [51]. The APP is an important protein located at the synapses of 

neurons that undergoes processing by β- and γ-secretase and ultimately releases Aβ [52,53]. 
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Studies highlighting coexistence of CADASIL and AD suggest that presenilin proteins (γ-

secretases), which regulate the proteolytic cleavage of APP as well as Notch proteins, may 

play a role in both conditions [22,54,55]. The cleaved ectodomain of the Notch-3 receptor 

which accumulates within the cytoplasmic membrane of vascular smooth muscle cells [48] 

has been proposed to potentially also induce amyloid deposition in vascular smooth muscle 

cells [21,22,56], similar to that observed in CAA [57]. Thijs et al. (2003) have previously 

reported a case of related disease processes where GOM deposits (characteristic of 

CADASIL) and Aβ deposits were both present, with the Aβ surrounding the granular 

deposits [21]. The presence of advanced AD pathology characterized by extensive 

neocortical Aβ plaques and neurofibrillary tangles in a relatively young person (64 years) 

indicates that AD as well as CADASIL-related pathology likely contributed to early-onset 

dementia in this patient [21].

While large studies examining the role of Notch-3 specifically are limited, cerebrovascular 

disease more generally also contributes to diminished perivascular clearance of Aβ [58,59]. 

In an atypical case of CADASIL with severe arteriolar changes in the cerebral cortex, failure 

of protein elimination and diffuse Aβ deposition in the cerebral cortex has been reported 

[60], further suggesting that degradation of vessels—which is associated with Notch gene 

mutations— may facilitate amyloid accumulation, and ultimately trigger AD. Both CAA and 

CADASIL involve entrapment of proteins along capillary and arterial walls which serve as 

the lymphatic drainage pathways of the brain [58,61] and CAA is observed among 80%–

100% of individuals with AD [62]. Carare et al. (2013) propose that such protein elimination 

failure angiopathies (PEFA) involve common mechanisms resulting in protein accumulation 

in blood vessels which could contribute to neurodegenerative conditions [61]. Reduced 

pulsatility and increased stiffness in damaged arteries decreases the motive force required 

for perivascular drainage of proteins including Aβ [59,61,63]. The reduction in vascular tone 

and pulsation amplitude due to GOM accumulation-related damage to smooth muscle cells 

in CADASIL may facilitate further aggregation of other proteins, including Aβ, within 

blood vessels [61] and alter Aβ distribution in the cerebral cortex [59].

CADASIL offers a “pure” vascular dementia model in the absence of confounding effects of 

aging. Thus, CADASIL studies allow examination of how vascular dysfunction may drive 

AD pathophysiology and provide evidence of increased amyloid accumulation characteristic 

of AD in the context of NOTCH3 mutations. Studies of cerebrospinal fluid (CSF) 

biomarkers of AD, including β-amyloid 1-42 (Aβ42), total tau protein (t-tau) and 

phosphorylated tau protein (p-tau), in CADASIL patients may provide insight into age-

independent vascular-AD interactions [64,65]. Findings indicate that compared to controls, 

CADASIL patients exhibit lower levels of Aβ42 in the CSF, indicating increased cerebral 

Aβ retention characteristic of AD pathophysiology. Levels of CSF t-tau or p-tau were 

similar between both groups [64]. Formichi et al. (2008) propose that lower Aβ42 may be 

associated with subcortical vascular lesions, independent from aging-related changes 

[65,66]. Together these findings support a role for vascular damage in the accumulation of 

cerebral Aβ pathology linked to AD dementia.

In addition to potentially facilitating Aβ accumulation, NOTCH3 has also been proposed as 

a disease modifier, influencing susceptibility to AD due to mutations which result in 
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vascular smooth muscle cell damage [67]. NOTCH3 is essential for function, maturation and 

maintenance of vascular smooth muscle cells [68,69]. The majority of pathological variants 

(CADASIL-causing) involve loss or gain of a cysteine residue in the epidermal growth factor 

(EGF)-like protein repeats in the Notch-3 extracellular domain [56]. In a transgenic mouse 

model of CADASIL, Notch-3 aggregation is associated with neurovascular unit injury, 

including loss of pericytes and separation of astrocytic end-feet from cerebral microvessels, 

and resulting increase in blood-brain barrier permeability [70]. Cerebral small vessel 

damage, and subsequent alterations in blood flow, as well as pericyte loss and blood brain 

barrier breakdown have all been implicated in the development of AD [71-73]. Small vessel 

damage triggered by NOTCH3 mutations [74] may therefore be a contributing factor to the 

development of AD [72]. Similarly, aberrant Notch signaling worsens brain damage after 

ischemic stroke [75] and may expedite progression or development of post-stroke dementia 

[76]. Thus, Notch signaling may be implicated in the development of AD through the role of 

Notch in the functioning of the blood-brain barrier and development of the 

cerebrovasculature [15]. Neurovascular dysfunction—including blood brain barrier 

breakdown [73,77], altered cerebral blood flow [78] and cerebrovascular reactivity [79,80], 

and small vessel damage [81]—have all been associated with risk of AD and proposed to 

occur in the early stages of the disease [71,72]. However, further research is warranted to 

disentangle the role of NOTCH3 as a disease modifier of AD.

The existence of co-occurring AD and CADASIL may be particularly difficult to 

differentiate without pathological confirmation, genetic testing and detailed 

neuropsychological assessment. While previous studies have observed and reported co-

occurring CADASIL and AD, vascular lesions underlying CADASIL are usually defined 

specifically as nonarteriosclerotic, and amyloid-negative angiopathy [82]. This distinction 

allows differentiation of angiopathies but may limit identification of overlapping 

pathologies. Both AD and CADASIL may not only share similar molecular mechanisms 

based on pathological evidence [20,21], but also result in cognitive deficits that may be 

difficult to differentiate without detailed neuropsychological testing. More than half of all 

patients with CADASIL ultimately develop cognitive deficits and dementia [83,84]. Early 

stage cognitive deficits are in individuals with AD tend to involve episodic memory, early 

stage deficits in CADASIL disproportionately involve working memory and executive 

function [85]. However, as both diseases increase in severity, deterioration of multiple 

cognitive domains becomes increasingly common and cognitive deficits unique to each 

disease may be difficult to differentiate on global cognitive measures [86,87]. Moreover, 

cognitive assessment may be particularity challenging in CADASIL in the context of 

multiple strokes and lesions involving different regions [86,88]. Thus, further biomarker 

studies in addition to neuropsychological studies may benefit efforts to disentangle AD in 

the context of CADASIL could elucidate the role of Notch signaling in the development of 

AD pathophysiology.

Findings reviewed to date suggest that NOTCH3 mutations trigger changes in vascular 

smooth muscle cells and the overall cerebral microvasculature which may play a role in 

increased amyloid accumulation—a key hallmark of AD. Numerous mechanisms suggest a 

relationship between Notch-3 and amyloid accumulation. Both APP and Notch proteins 

undergo proteolytic cleavage by γ-secretases and result in protein elimination failure 
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angiopathies. The effects of NOTCH3 mutations on the cerebrovasculature further illustrate 

a mechanism through which Notch proteins may be involved in AD and other dementias as a 

disease modifier. Current literature demonstrating these associations are primarily based on 

limited case studies, and animal and human studies directly examining these mechanisms are 

lacking. As an early onset monogenic disease caused by NOTCH3 mutations, CADASIL 

provides a unique opportunity to study the effects of Notch signaling and related vascular 

dysfunction in the development of AD prior to the onset of age-related vascular changes. 

Future studies are warranted to directly explore these mechanistic pathways.

3.2. NOTCH1

Another genetic cause of Alzheimer’s pathology, which has been previously been linked to 

Notch signaling, is Down syndrome. Down syndrome is genetic disorder resulting from 

trisomy 21—three copies of chromosome 21 in the genome [89]. The key neuropathological 

features of AD, including amyloid plaques and neurofibrillary tangles, have been observed 

in most individuals with Down syndrome by the age of 40 years [90]. Similar to AD, 

vascular changes have previously been observed in individuals with Down syndrome. 

Microvessel density and endothelial integrity have been found to be significantly diminished 

in Down syndrome [26], and white matter damage, enlarged perivascular spaces, 

microbleeds and infarcts are commonly evident [91].

Similar to studies linking CADASIL and AD, Drachman et al. (2017) have proposed that the 

relationship between Notch signaling and AD may be due to age or Down syndrome-

mediated alterations in presenilin cleavage of both APP and Notch-1 [26,92-94]. Based on 

observations of microvascular changes in Down syndrome with Alzheimer’s-type pathology, 

they propose that microvascular changes and eventual neuronal loss in AD may be due to 

disrupted angiogenesis, and competition between APP and Notch-1 for cleavage by 

presenilin [26]. The cleaved active Notch intracellular domain is required for angiogenesis. 

Greater cleavage of APP by presenilin—resulting in Aβ accumulation—may therefore also 

reduce Notch cleavage, further restricting angiogenesis [26]. However, it is unclear whether 

angiogenesis would be beneficial or detrimental in the context of microvascular disease and 

AD, and further research is warranted to establish the consequences of diminished 

angiogenesis on AD pathophysiology and progression. Angiogenesis leading to healthy 

vessel formation is likely beneficial for brain function; however, previous studies propose 

that angiogenic activation of endothelium in AD may lead to amyloid plaque deposition and 

others suggest that amyloid may trigger aberrant angiogenesis leading to blood brain barrier 

permeability in AD [40-42]. Although the mechanism remains is unclear, a link between 

increased angiogenesis and AD has been observed. Moreover, the crosstalk of Notch and 

APP proposed by Drachman et al. (2017) has also previously been examined by gene 

expression analysis of components of the Notch signaling pathway in the adult Down 

syndrome brain. Overexpression of Notch-1 as well as other components of the Notch 

signaling pathway were observed in AD and Down syndrome patients, potentially due to 

increased APP cleavage in AD and Down syndrome [14].

Evaluation of Notch-1 expression in postmortem human brain tissue from sporadic AD 

patients has yielded similar findings. Compared to age-matched control individuals, 
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overexpression of Notch-1 is particularly increased in the hippocampus in AD [27], an area 

known to be critical in memory function and early stage AD pathophysiology. Similarly, 

presenilin 1—encoded by PSEN1 and known to play a role in AD through its role in the 

release of Aβ from APP—has been found to colocalize with Notch-1 in the adult 

mammalian brain [27]. Berezovska et al. (1998) suggest that these findings raise the 

possibility of Notch-1 involvement in AD pathophysiology via presenilin-1 function. 

Another study has reported reduced Notch-1 levels in the pyramidal neurons of the 

hippocampus in AD [95], but displaced Notch-1 accumulation in fibrillary tangles and 

plaques [95]. Although both increased and decreased levels of Notch-1 have been observed, 

these studies both suggest alterations in Notch signaling in AD [95]. Greater accumulation 

of Notch-1 in the brain may in fact be associated with reduced Notch signaling [95], which 

may impede angiogenesis needed to maintain cerebrovascular function [26]. Similarly, 

evaluation of plasma and CSF levels have demonstrated dysregulation of the Notch pathway 

in AD. Reduced clearance of Notch-1 in CSF has been observed in AD patients, suggesting 

greater Notch-1 accumulation in the brain [95]. Consistently, increased Notch-1 deposition 

in brain tissue may be associated with lower plasma levels of soluble Notch-1, as observed 

in AD patients compared to controls [96].

In vitro studies have demonstrated increased Notch-1 protein in Aβ-treated human brain 

microvascular endothelial cells [96] and impaired Notch signaling induced by mutations in 

the PSEN1 gene (PSEN1 L166P mutation) which cause an aggressive form of familial AD 

[97]. In vitro studies have also found a role for presenilin-1 in endothelial progenitor-

mediated angiogenesis via intracellular β-catenin [98], suggesting that presenilin-1 

dysfunction in endothelial cell lineage could trigger vascular pathology. Interestingly, 

Notch-1 has been found to interact with the Wnt/β-catenin signaling pathway [99]—which 

is also involved in angiogenesis and the development of the blood brain barrier [100,101]—

and known to regulate β-catenin protein in stem and progenitor cells [102]. Progenitor 

senescence has also been reported in AD [103]. Examining the associations among Notch-1, 

Wnt/β-catenin signaling and presenilin-1 could provide further insight into the role of this 

system in AD.

Finally, Brai et al. (2016) have also found that Notch-1 localizes in neurofibrillary tangles in 

AD brains and overlaps with p-tau in plaque-like structures [95]. This is consistent with 

previous studies showing a role for Notch signaling in microtubule stabilization [104,105]. 

Vascular risk is known to trigger neocortical p-tau deposition when coupled with high Aβ 
burden [106]. Notch proteins have similarly been proposed to be linked to both amyloid and 

p-tau deposition [95]. These findings warrant further investigation to examine whether 

altered Notch signaling may trigger AD pathophysiology.

Few studies have explored the consequences or mechanisms resulting in altered Notch-1 

levels in AD. Given the pleiotropic functions of Notch proteins, future studies are needed to 

better delineate the mechanism through which Notch-1 may be related to AD and whether 

the role of Notch-1 in angiogenesis and vascular dysfunction may facilitate the development 

of AD pathology [95].
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3.3. NOTCH 2 & 4

Few previous studies have directly examined associations between NOTCH2 and NOTCH4 
mutations in relation to AD. Notch-2 has been implicated in the regulation of vascular 

smooth muscle development, similar to Notch-3 [107]. While lack of Notch-2 delays smooth 

muscle differentiation, Notch-3 is able to maintain vascular integrity [107]. However, 

without Notch-3, Notch-2 expression may initiate smooth muscle differentiation but is not 

able to assist with later maturation, highlighting that Notch-2 and 3 function together to 

promote vascular smooth muscle development and maintenance [107]. NOTCH4 has 

previously not been linked to cardiovascular disease [108], however its chromosomal 

location—which has been demonstrated to have significant linkage with AD—has prompted 

investigations [109]. The role of NOTCH2 and NOTCH4 gene in cerebrovascular 

functioning and dementia is currently unclear.

4. Discussion

Burgeoning evidence suggests that altered Notch signaling occurs with advancing age and 

may be associated with the development of AD through its role in maintaining the cerebral 

vasculature. Future research directly exploring the influence of aberrant Notch signaling in 

the development of AD pathology is needed to better understand the related mechanisms 

(Figure 1). Moreover, the association between Notch signaling and maladaptive or protective 

vascular mechanisms, such as angiogenesis or mobilization of endothelial progenitor cells 

could elucidate dysfunctional physiological processes which trigger or protect the 

vasculature and impact cognition. Previous studies have shown that endothelial progenitor 

cells are mobilized in response to vascular injury to promote vascular repair [110]. Increased 

endothelial progenitor cells are observed in response to cerebrovascular injury [111], 

suggesting a protective role of endothelial progenitor cells. Conversely, depletion of 

endothelial progenitor cells is associated with cognitive impairment [112], including AD 

[113] and VaD [114]. Notch signaling may also be involved in homeostatic and regenerative 

hematopoiesis [115] and in the regulation of endothelial progenitor cells [116]. It is also 

known to play a role in vessel maturation and angiogenesis [43,117,118]. Further studies are 

needed, especially to examine the impact of both Notch signaling and angiogenesis on 

cognition and the development of neurodegenerative conditions.

4.1. Conclusion

Vascular and Alzheimer’s pathologies are the predominant and commonly overlapping 

causes of age-related cognitive decline and dementia, yet the underlying connection between 

these diseases remains obscure. The Notch signaling pathway is critical for vascular 

development and homeostasis, and mutations in Notch genes or pathways impacting Notch 

physiology have been implicated in multiple genetic forms of both vascular dementia and 

Alzheimer’s dementia. These findings directly support a potential role for Notch signaling in 

the connection between vascular and Alzheimer’s pathologies, and suggest a need for further 

research into the role of Notch signaling changes in age-related neurovascular dysfunction 

and cognitive decline.
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Figure 1. Potential Mechanism of Notch-Mediated Accumulation of Alzheimer's Pathology and 
Cognitive Decline.
Aging and genetics, among other factors, may alter the Notch signaling pathway. The Notch 

signaling pathway is an evolutionarily conserved cell signaling and interaction system. The 

system is activated by the interaction between five Notch ligands (delta-like (DLL)1, DLL3, 

DLL4, Jagged-1 and Jagged-2) which bind to transmembrane Notch receptors. After 

interaction with a ligand, a disintegrin and metalloprotease 10 (ADAM10) cleaves the 

extracellular domain of the notch protein. The γ-secretase protease then cleaves the Notch 

intracellular domain (NICD) from the transmembrane portion of the Notch receptor. 

Alterations in this signaling system may induce vascular damage, given the role of Notch 

proteins in vessel maintenance and lead to development of additional pathologies such as 

amyloid and p-tau deposition, and subsequently cognitive decline.
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