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RELAZIONE:  

Background 

Though huge resources have been invested to fight various neurological diseases over decades, 
many remain largely intractable. Alzheimer's disease (AD) is an irreversible, progressive brain 
disorder that accounts for about 50–75% of all cases of dementia. AD is characterized by the 
presence of amyloid plaques (amyloid β) and neurofibrillary (tau) tangles, and the loss of 
connections between neurons in the brain. The damage to the brain induced by abnormal deposits 
of amyloid β and tau tangles is believed to start a decade or more before a decline in cognitive 
function is evident. Research is focused on the development of therapies to delay or halt the 
progression of Alzheimer's disease. However, no disease-modifying drug for AD has been 
approved, despite many long and expensive trials.1  

This failure is partly attributed to the fact that we still do not understand the underlying etiology. 
Many studies have trusted deeply on animal models to better understand disease progressions 
and mechanisms. Animal models have provided invaluable and fundamental knowledge in 
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neuroscience, but they also represent a limitation when studying some neurological diseases and 
potential therapies. For instance, many antibody based treatments successfully clear amyloid 
plaques in animal models but have failed to produce improvements in human trials.2 Excluding 
animal model concern, there are also ethical issues over human substrates and limited access to 
human brain sample. Recent technologies figure out new way to address those issues and improve 
our biological and pathological knowledge.   

In 2007, a Nobel prize-winning study of induced Pluripotent Stem Cells (iPSCs) by Yamanaka group 
revolutionized the way to study neural cells, suggesting potential solutions to unsolved issues.3 
Technical developments in stem cell biology enable us to re-direct iPSCs into any cell types found 
in the body. In particular, with numerous protocol of differentiation, it is possible to generate 
multiple different types of brain cells in a dish to investigate the cellular biology that may lead to 
disease. 4  

Another transformative discovery is the adaptation of clustered, regularly interspaced short 
palindromic repeats (CRISPR) and CRISPR-associated (Cas) genes as tools for genetic manipulation. 
This system was discovered from studies on the adaptive immune system of bacteria and 
archaea.5 Prokaryotes utilize this CRISPR system to defend themselves against invading foreign 
nucleic acids. Successful adaptation of this system to a genome-editing tool for human genome 
creates an easy and precise means to modulate the genome to study the effects of targeted 
mutations.5  

The Tsai lab uses iPSCs and differentiated cells to study, in a human model, the impact of a specific 
genetic background on a disease. Genome editing technology, such as the CRISP/Cas9 system, is 
utilized in order to generate isogenic controls for disease iPSCs by correcting the disease variant. 
The Tsai Lab also employs CRISPR/Cas9 genome editing to introduce rare disease- associated 
mutations (where patient samples are not always readily available) into healthy iPSCs lines.  

With isogenic lines, only the disease-associated difference is studied, as the genetic background of 
the lines should be identical. Due to the inherent variability in the reprogramming of somatic cells 
to iPSCs and in the differentiation into specific cell types, multiple clones are used to validate our 
studies. Given the low frequency of off-target effects at any given locus, it is unlikely that multiple 
clones will have the same off-target effect. In the past year the Tsai lab optimized and 
implemented protocols to differentiate iPSCs into microglia-like cells, oligodendrocytes, 
astrocytes, neurons and organoids to model the effects of AD risk gene mutations on brain cells 
function, with a particular focus on APOE, TREM2, ABCA7 and MAPT (tau).   

Aim of the study  

Most cases of AD are associated with late-onset or sporadic AD (sAD).  Recent genome-wide 
association studies (GWAS) and whole-genome sequencing projects have identified many 
candidate loci with an increased risk for sAD (Figure 1).6 
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Figure 1. Schematic overview of genes linked to Alzheimer's disease. 

 Pictures from Prof Philip Scheltens MD et All, 2016. 

There is an urgent need to better understand the genetic contribution to the pathophysiology of 
sAD, which will help to understand the course of disease progression and treatment options. We 
decided to focus on one of these genes and the aim of my study is to better understand the 
genetic contribution of ATP-binding cassette transporter subtype A7 (ABCA7) mutation on sAD. 
ABCA7 belongs to one of subfamily (A type) of ABC transporters that function to regulate the 
homeostasis of various lipids in the central nervous system, but very little is known regarding 
ABCA7’s function in AD. Abca7 is highly expressed in neurons, microglia, OPC and astrocytes in the 
mouse brain as shown in Figure 2.7  
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Figure 2: ABCA7 mRNA expression from Barres Lab data sets 

ABCA7 is a member of the A subfamily of ABC proteins involved in lipid metabolism and regulation 
of phagocytosis.7 Knockout ABCA7 mouse have shown alteration in cholesterol level and 
phospholipid in the brain. 8 Abca7 knockout in AD mouse models showed increased level of 
Aβ deposition and reduction uptake of Aβ in macrophages and microglia. Beside Aβ clearance, it is 
been reported that ABCA7 could also affect directly the Aβ production. 9 Indeed, abnormal 
endosomal activities have been reported in autopsies from AD patients.10 Both in vitro and in vivo 
results show an increase of Aβ after suppression of ABCA7 expression, apparently through β-
secretase cleavage. 11 However, precisely how mutations in ABCA7 contribute to AD pathogenesis 
remains unknown. 

To better understand the molecular basis that may predispose some individuals with ABCA7 
genetic variants to increased risks for AD, we utilized CRISPR/Cas9 technology to engineer isogenic 
human iPSCs. We create isogenic iPSC line harboring a loss-of-function variant ABCA7 YG22*.  

Figure 3 Sanger sequencing confirms the creation of the Icelandic ABCA7 mutation in the iPSC line 
using CRISPR/Cas9. 

 

This mutation has been associated with increased AD risk in an Icelandic population.12 From this 
isogenic line, we are generating multiple neural cells types, including astrocytes, microglia, 
neurons and OPC. Using multiple assays developed in the Tsai lab, including those assessing 
defects in endocytosis and phagocytosis, we are working to characterize the defects present due 
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to the mutation. In addition to single cell culture, we are also generating ABCA7 mutant 3D neural 
organoids to examine ABCA7 mutant defects, such as Aβ production, in complex culture.  

Ongoing results  
 

Given that ABCA7 has been suggested to mediate phagocytic activity and Aβ clearance13, we asked 
whether our iPSC-derived ABCA7 Y622* astrocytes had altered Aβ uptake capacity. After 
treatment of our astrocytes with exogenous Aβ, preliminary results indicated that astrocytes 
carrying ABCA7 mutation uptake less Aβ compared to the control line, suggesting an alteration in 
the Aβ clearance (Figure 4A).  

Astrocytes are a major source of cholesterol for neurons, required for a wide range of normal 
physiological functions, and the transport of cholesterol from astrocytes to neurons is mediated 
largely by APOE and ABCA proteins. We therefore asked whether we could detect differences in 
levels of cholesterol in the media of ABCA7 mutant astrocytes. Indeed, we observed an 
accumulation of cholesterol in the media of ABCA7 Y622* astrocytes compared to the isogenic 
control line (Figure 4B). Cholesterol and other lipids are packaged into lipoprotein particles in 
order to be trafficked, most of which are low density lipoprotein, or LDLs. To further confirm our 
data suggesting a dysfunction in lipid transport, we utilized a pH-sensitive dye pHrodo conjugated 
to human low density lipoprotein (LDL) and we measure internalization of pHrodoLDL by observing 
increased pHrodo fluorescence in low pH organelles. Using this tool, we observed a significant 
decrease in internalized pHrodoLDL by ABCA7 Y622* astrocytes compared to their control (Figure 
4C). Together these data suggest that ABCA7 mutation in astrocytes likely alter lipid transport.  

The results so far obtained in ABCA7 mutant astrocytes suggests that disruptions in ABCA7 may 
significantly affect critical roles of astrocytes in lipid homeostasis and Aβ clearance in the brain. 
However, ABCA7 is also reported to have roles in regulating microglia including phagocytic activity, 
suggesting that this cell type may also be important in understanding how defects in ABCA7 
contribute to AD risk. We are currently generating several batches of microglia, and will assess the 
effect of the ABCA7 Y622* mutation on microglia function, including Aβ uptake, as well as a series 
of endocytosis and phagocytosis assays. Similarly, we are also currently generating ABCA7 Y622* 
neurons in order to determine the effect of ABCA7 Y622* on key AD-relevant neuronal 
phenotypes, such as Aβ production, endocytosis and synaptic health.  

In order to understand the total cellular impact of the ABCA7 Y622* mutation, we will perform 
RNAseq from each of the produced cell types to understand transcriptional changes that occur in 
response to the ABCA7 mutation. This analysis will identify the most important biological 
pathways altered by the presence of the ABCA7 mutation, and suggest nodes that may be 
susceptible to therapeutic intervention for ABCA7 specifically, and AD risk genes more broadly.  

Finally, we are also seeking to generate a new cell line from a different healthy subject to create 
another isogenic mutant knock-in iPSC line harboring a loss of function variant, ABCA7 Y622*, in 
order to validate our results shown in the first clone. Such careful controls are critical to ensuring 
the translational potential of our results to all patients bearing mutations in ABCA7. 
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Figure 4: (A) ABCA7 Y622* mutant astrocytes have reduced Abeta uptake compared to isogenic 
controls (B) Increased cholesterol is detected in ABCA7 Y622* astrocyte media compared to 
isogenic controls (C) ABCA7 Y622* astrocytes take up less LDL from media compared to isogenic 
controls 
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