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Alzheimer ’s disease (AD), the most prevalent cause of dementia, has been 
intensively investigated worldwide for over 100 years since  it was first reported by 
Dr. Aois Alzheimer.  Patients suffered from AD irreversibly lose cognitive ability as 
the disease progresses, which means that the disease catastrophically deprives 
patients of human dignity and torments patients and their families. There are currently, 
however, no efficacious disease-modifying treatments available for AD, although 

aducanumab, an anti- amyloid   peptide (A) human monoclonal antibody, was 
approved for use by the U.S. Food and Drug Administration in June 2021 following 
positive Phase 4 trial outcomes.  
 
  The major pathological hal lmark of AD is deposition of plaques primarily 

composed of A  in the brain. Dozens of studies targeting A  have been carried out 
worldwide, because excess A  initiates to accumulate more than 20 years before 
symptoms appear.  Genetic studies have revealed that pathogenic mutations alter A 
profile produced in the brain, leading to early onset of AD. More than 350 genetic 
variants have been identified in the presenilin 1  (PSEN1) and in the amyloid 
precursor protein  (APP) genes. PSEN1  encodes a catalytic subunit of the secretase 

responsible for A  production. 
 

To date, significant research advances have been achieved thanks to mouse 
models that recapitulate aspects of the AD pathophysiology seen in humans. Most AD 
models overexpress mutant APP  or APP/PS1 complementary DNAs. Such mouse 
models, however, often suffer from experimental limitations caused by 

overproduction of APP fragments  such as C-terminal fragment of APP generated by -
site APP cleaving enzyme 1 (BACE1) (CTF-) and APP intracellular domain, both of 
which do not appear to accumulate in AD brains . To overcome these drawbacks, App 
knock-in mice such as AppN L-G-F and AppN L-F mice were previously developed in 2014. 
These mice harbor the Swedish (KM670/671NL) and Beyreuther/Iberian (I716F) 
mutations – with or without the Arctic (E693G) mutation – that do not depend on 

overexpression paradigm. These models showed the development of A  pathology, 
neuroinflammation and cognit ive deficits with aging. The AppN L-G-F line has been 

more frequently used than the AppN L-F line because the former develops A  pathology 
much faster than the latter  and can be conveniently used to analyze downstream 
events.  

 
However, the App  knock-in models are still burdened by at least two problems 

as follows: [1] The AppN L-G-F line produce the mutant Arctic A , not wild-type human 
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A deposited in AD patients, because the Arctic mutation exis ts within A sequence, 
which makes the model unsuitable for investigating A metabolism and clearance 
because the Arctic mutation renders A  resistant to proteolytic degradation and prone 
to aggregation. In contrast, the AppN L-F line does accumulate wild-type human A , but 
it takes as long as approximately 18 months for the  pathology to become prominent . 
[2] These models are inappropriate for use in preclinical studies of BACE1 inhibitors 
because the Swedish mutation, located adjacent to the cleavage site of APP by BACE1, 

results in a drastic increase in CTF- levels and influences the mode of BACE1 
inhibitor action in vivo . In addition, although recent cell-based studies have reported 

that CTF- , not A , contributes to aberrant events in the endosomal trafficking 
system that may appear as a common cytopathology, it is not well understood if CTF-

 affects early endosomal dysfunction in vivo .  
 
The aim of the present study was thus to generate two additional  lines of App  

knock-in mouse models for exploring the functional consequences of novel 
combinations of pathogenic mutations  in vivo: [1] A new App knock-in model that 

exhibits earlier accumulation of wild-type human A  than the AppN L-F model without 
depending on the Arctic mutation. [2] A new App  knock-in model devoid of the 
Swedish mutation that is useful for preclinical studies of BACE1 inhibitors and for 
examination of early endosome profile in vivo .  

 
This thesis consists of five chapter. The contents are summarized as follows. 
Chapter 1 including six sections describes the introduction of this thesis. Each 

section explains AD (1.1), APP (1.2), PSEN1 (1.3), genetic variants (1.4), mouse 
models (1.5) genome editing technology (1.6) and endosomal trafficking (1.7), 
respectively.  

Chapter 2 gives the details of experimental methods that were utilized in the 
present study.  

Chapter 3 is a result  part which are divided into two sections. 
In the first section (3.1), I presented the effect of the novel combination of 

pathogenic mutations in the App  and Psen1  genes on amyloid pathology in vivo .  I 
devised the strategy to utilize  the heterozygous Psen1P117L/WT  mutant line (Psen1P117L) 
that exhibited the largest increase in A42/A40  ratio in the brain among several Psen1 
mutants. I attempted to crossbreed AppN L-F mice with Psen1P117L mice despite it being 

unclear whether their pathogenic effects , both of which act on the -cleavage of CTF-
,  are additive or not in vivo .  I demonstrate here that the combined Psen1P117L  
mutation markedly enhances the pathological phenotypes of AppN L-F  mice additively 
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or synergistically.  
In the second section (3.2), I showed the functional consequences  of combinedly 

pathogenic mutations derived from the App  knock-in mice without the presence of 
Swedish mutation (AppG-F mice) and some additional mutants. I used a CRISPR/Cas9 
system to develop AppG-F/G-F knock-in (AppG-F) mice harboring the Arctic and 
Beyreuther/Iberian mutations but devoid of the Swedish mutations. Similar to the 
AppN L-F and AppN L-G-F lines, a combination of  the Arctic and Iberian mutations  induces 
an age-dependent amyloid pathology, neuroinflammation and synaptic alteration in 
mouse brains. AppG -F  mice is the first AD mouse model ever described that 
recapitulates amyloid pathology in the brain without the use of Swedish mutations 
and without relying on the overexpression paradigm. Acute administration of 

verubecestat, a potent selective BACE1 inhibitor,  reduced A levels in AppG-F mice, 
but not in AppN L-G-F mice. I also found that early endosomal enlargement was present 

in the brains of AppG-F mice even though the CTF- quantity was quantitatively 
comparable to that of WT mice. These findings demonstrate that BACE1 activity can 
be appropriately evaluated in AppG-F mice without the interference of the Swedish 

mutations and that endosome enlargement does not correlate with CTF-  levels  in 
vivo.  

 
 Chapter 4 discusses the pros and cons of the  new App knock-in mice that I 

generated. This chapter is  also divided into two sections, corresponding to the section 
number indicated in Chapter 3. (4.1) I anticipate that the double mutant  mice will 

become highly relevant tools for examining the mechanisms upstream of A  
deposition, for preclinical screening of  disease-modifying therapy candidates, which 

for instance promote A  degradation or disaggregation, and for preclinical 
immunotherapy studies without any concern regarding the artificial  effect of the 
Arctic mutation. In addition (4.2), the findings demonstrate that BACE1 activity can 
be appropriately evaluated in AppG-F mice without the interference of the Swedish 

mutations and that endosome enlargement does not correlate with CTF-  levels  in 
vivo.  Experimental comparisons between different App  knock-in mouse lines will 
potentially provide new insights into our understanding of the etiology of AD. 

 
 Chapter 5 summarizes the essence of the whole story and the roles of animal 

models in AD drug development. Regardless of depending on the overexpression or 
knock-in paradigm, it should be noted that users choose which line most suited to the 
purpose of their studies especially at preclinical study stages for the development of 
disease-modifying therapies .  
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