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  Introduction  

Alzheimer’s disease (AD) is a neurological disorder that affects nearly 50 million people 
worldwide.1 This disease is the leading cause of dementia which is characterized by cognitive 
impairment and memory loss.2 Individuals with AD suffer from behavioral changes and inability 
to recognize familiar faces as a result of neurodegeneration. In the United States, AD affects 
over 5 million adults and it is expected to increase up to 14 million by 2050 (CDC). The 
complexity of this disorder has made it difficult for therapeutic drugs to successfully eliminate the 
symptoms of AD or slow down its progression.  
 
AD is characterized by extracellular amyloid-β (Aβ) plaques and intracellular tau tangles but the 
relationship between the two pathologies are poorly understood.3 Aβ plaques develop early 
during AD development and tau aggregates later in the stages of the AD. The amyloid cascade 
hypothesis suggests that the deposition of amyloid-β peptide in the brain sets up a series of 
pathological events that lead to neurodegeneration and Alzheimer’s disease. Such series of 
events include the possibility of Aβ plaques facilitating the aggregation of tau tangles which 
eventually leads to neuronal loss and cognitive impairment in AD. The amyloid cascade 
hypothesis has not been proven by studies examining the interaction between the Aβ plaques 
and tau pathologies using transgenic mice overexpressing human tau.4 Also, the accumulation 
of Aβ in the brain is poorly related to cognitive decline in AD patients, therefore the amyloid 
cascade hypothesis that can facilitate the over phosphorylation of tau should be considered. 
However, evidence does suggest that genetic mutations in amyloid precursor protein are 
associated with AD that can trigger other pathologies such as tau tangles and cholinergic 
dysfunction.  A recent study found that Aβ plaques do in fact facilitate an environment that 
induces the formation of tau aggregates initially detected as tau aggregates in dystrophic 
neurites followed by the formation of neurofibrillary tangles.5 This finding is a breakthrough in AD 
research as it relates the two main contributors of AD by understanding the progression and 
timeline of AD, early treatments can be developed targeting different stages of AD and 
potentially slow down the progression of AD and increase the age of symptom onset in AD 
patients.  

         

 

C A P S T O N E  

Figure 1: The proteolytic 
process of APP (amyloid 
precursor protein) in the 
production of Aβ by 
cysteine proteases and 
secretase activity.  
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The reduction of Aβ accumulation in the brain is the center and the ultimate target of the amyloid 
hypothesis. Several antibodies that targeted regulators of APP proteolysis to block the β- or γ-
secretase pathways or increase α-secretase activity to reduced Aβ production (figure 1) were 
tested heavily in clinical trials. These studies failed to improve cognition in AD patients and were 
terminated. Also, reduction of over phosphorylated tau protein (tau tangles) has been successful 
with protein capped cadmium nanoparticles.6,7 Understanding the mechanism of AD such as the 
interaction between Aβ and tau pathologies can aid in development of drugs that will target early 
stages of AD.   
 
The amyloid cascade hypothesis and its effects on the brain 
The amyloid hypothesis received substantial attention from the academic community and 
pharmaceutical industries for the past two decades.1 Mounting evidence indicates that Aβ 
accumulation plays a key role in AD progression. For instance, the β-secretase enzyme which is 
also called β-site APP cleaving enzyme I (BACE1) has been linked extensively to AD as it 
initiates the cleavage of APP generating abnormal Aβ fibrils. β-secretase activity is present 
throughout the body but significant increase in β-secretase activity was found in neurons of AD 
patients.8 BACE1 knockouts studies showed that blocking BACE1 activity in APP-
overexpressing transgenic mice diminished amyloid deposition significantly, suggesting that 
BACE1 is essential to amyloid formation.9 However, more recent studies found that complete 
deletion of BACE1 in mice showed adverse effects such as impaired spatial reference and 
working memories.10 One BACE1 inhibitor called Verubecestat was tested in AD patients and 
due to its adverse effects, such as aggravated cognition and was terminated in phase III clinical 
trials.11 These studies confirm that complete obliteration of BACE1 and thus complete 
abolishment of Aβ has adverse effects in AD patients. Additionally, BACE1 knockout mice 
suggests that normal levels of Aβ is vital to normal functioning of the brain such as memory 
performance.12 Another therapeutic that attempted to lower Aβ accumulation was a γ-secretase 
inhibitor called Semagacestat. This inhibitor reduced amyloid deposition but increased cognitive 
impairment in AD patients and its use was halted.13 These results are in conjunction with other 
studies that showed Aβ is vital to physiological function and may be involved in neuronal growth 
and memory.14 The failure to produce potent and efficacious therapeutics by targeting the 
inhibition of Aβ accumulation in AD suggests that therapeutics can be efficacious only when the 
Aβ accumulation is reduced to a critical level and not completely eliminated. 
 
Aβ accumulation inducing tau pathology in AD transgenic mouse 
models  
AD is characterized by both extracellular amyloid-β (Aβ) plaques and intracellular tau tangles but 
the relationship between the two pathologies are poorly understood. Aβ plaques develop early 
during AD development in the cortex and hippocampus while tau over phosphorylation takes 
place later in the stages of AD.5,15 Initially, tau aggregates were found to form in the 
transentorhinal cortex and further spread to the hippocampal formation and neocortex.16 
Evidence supporting the missing interaction between amyloid-β and tau tangles is the tau 
mutation in chromosome 17 that causes autosomal dominant frontotemporal lobe dementia 
which is not accompanied with amyloid-β plaques.17 However, this claim is insufficient to deny 
the amyloid cascade hypothesis because studies using transgenic mice models suggest the 
interaction with Aβ and tau leads to the progression of AD.  
 
A study crossed JNPL3 transgenic mice expressing a mutant tau protein with Tg2576 transgenic 
mice expressing mutant ß-amyloid precursor protein (APP). When compared to the mice that  
only expressed mutant tau protein, the double mutant mice showed significant increase in AD- 
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like neurofibrillary tangles (NFTs) in the limbic system and olfactory cortex.18 Another study 
inserted Aß fibrils into JNPL3 transgenic mice expressing a mutant tau protein and determined 
that Aß induced NFTs formation as fast as 18 days after the injection. Another similar study 
generated a triple transgenic model of AD (3xTg-AD) harboring three AD mutant genes: APP, 
preselin 1, and tauP301.19  In this study amyloid-β deposition was identified prior to the 
expression of NFTs supporting the amyloid cascade hypothesis that beta amyloid facilitates 
formation of NFTs and other tau pathologies. A more recent study injected human derived tau 
fibrils into the hippocampus and the cortex of mice with knock in mutated APP genes.5 The study 
found that amyloid-β plaques do in fact facilitate an environment that promotes the development 
of tau tangles. These tangles initially form as tau aggregates in dystrophic neurites surrounding 
Aβ plaques which then spread throughout the brain.5 Tau pathology is considered a downstream 
event in the amyloid hypothesis suggesting that it is responsible for significant neuronal damage 
and cognitive impairment.13 

 

Conclusion 
The amyloid cascade hypothesis is still debatable in AD research in part due to mounting 
evidence that suggests that amyloid beta is not entirely responsible for the progression of AD. 
Studies show that some individuals with elevated beta-amyloid accumulation do not suffer from 
impaired memory and learning. However, it is evident that mutations in the gene that codes for 
this protein might trigger other pathological events in AD patients that further damage the brain. 
Also, the inability to generate efficacious and potent drugs that can reduce amyloid accumulation 
without adverse effects is considered evidence against this hypothesis. Multiple studies using 
sophisticated mouse models with more than one gene mutation suggest that this hypothesis 
may induce tau pathology and causes neural loss. On the other hand, evidence suggesting that 
there is no link between amyloid deposits and tau pathology is insufficient and lacks 
physiological studies. Expansion of existing research generated from 25 years of amyloid 
focused research should further investigate the interaction between amyloid deposition and tau 
pathology utilizing existing successful transgenic mice models. First and foremost, the transgenic 
mouse models used in studying AD pathologies need to be reexamined as failed clinical trials 
suggested that AD pathologies represented in humans differ from these mouse models where 
drugs that seemed to significantly increase cognition in mice did not improve cognition in AD 
patients. One question that has not been answered by amyloid AD research is where in the  
when in the stage of AD would the amyloid-β-directed therapeutic be most effective? To answer  
this question, studies need to investigate when in the stage of AD would the amyloid-β-directed  
therapeutic be most effective? Besides the interaction of amyloid with tau pathology, studies 
should investigate the interaction of the amyloid hypothesis with the cholinergic hypothesis as 
research suggests these two pathologies interact in different nicotinic acetylcholine receptors 
which causes cognitive impairment. Such evidence include agonists and positive allosteric 
modulators on nicotinic receptors alleviate cognitive impairments in mouse models.  
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