Abstract

Carrying apolipoprotein E (ApoE) €4 allele is currently the highest known risk factor
for Alzheimer’s disease. ApoE has 3 alleles, €2, €3, and €4, which increases Alzheimer’s
disease risk. ApoE forms lipoproteins that transports cholesterol and other lipids through
the bloodstream and in the extracellular space. ATP Binding Cassette Subfamily A
Member 1 (ABCA1) facilitates lipidation of ApoE. It is known that APOE4 clumps up
more than APOE3 and APOE2. We hypothesize that this APOE4 clumping will affect the
intracellular transport of ABCA1. The goal of this study is to differentiate induced
pluripotent stem cells into astrocytes and to analyze how the different ApoE genotypes
affect intracellular transport of ABCA1 inside of the astrocytes. Our analysis showed that
in human APOE4 astrocytes, recycling of ABCA1 to the cell membrane was decreased
and, ABCA1 accumulated within late endosomes and lysosomes. This study
demonstrated that iPSCs could be differentiated to astrocytes; and image analysis was
a feasible technique to analyse intracellular trafficking of ABCA1.

Introduction

Alzheimer's disease, the most common cause of dementia being 60 to 70 percent
of cases, currently affects 6.7 million Americans alone over the age of 65. Alzheimer’s
disease is characterised by its amyloid plaques that are caused by abnormal clumps
of g-amyloid, neurofibrillary tangles from abnormal aggregations of a protein called tau
in neurons, and chronic inflammation caused by built up in glial cells.

The highest known risk factor for Alzheimer’s disease is carrying the €4 allele of
apolipoprotein E (ApoE). ApoE has three alleles €2, €3, and €4. €3, the most common
allele, has less risk of Alzheimer’s disease compared to €4. Whereas the €2 allele
decreases the risk of Alzheimer's disease. ApoE is a protein that forms lipoproteins
that transports cholesterol and other lipids through the bloodstream and in the
extracellular space. The major cell type that produces ApoE in the brain is astrocytes.
Astrocytes are cells found within the nervous system that are a type of glial cell. They
create the environment for other cells by holding nerve cells in place for them to
develop and work correctly. ATP Binding Cassette Subfamily A Member 1 (ABCA1) is
produced in astrocytes. ABCA1 facilitates the shuttling of ApoE into early endosomes
which leads to lipidation, loading of lipids and cholesterol to the ApoE forming
lipoprotein particles.

The goal of this study is to analyze how the different ApoE genotypes affect
intracellular transport of ABCA1 inside of human astrocytes. Under normal conditions
ABCA1 is transported from an early endosome to a recycling endosome and finally
gets back to plasma membrane as seen in figure 1.
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We hypothesize that ABCA1 is more likely to get clogged in €4 carriers. Due to the
clogging, ABCA1 will be transported from an early endosome to a late endosome and
then to a lysosome as seen in figure 2.
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We were able to study human astrocytes by differentiating induced pluripotent
stem cells (iPSCs) into astrocytes. iPSCs are cells reprogrammed from skin cells that
becomes pluripotent stem cells which can the be differentiated as seen in this
experiment. This allowed us to analyze the process of the transportation of ABCA1
between intracellular compartments.
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Induced Pluripotent
Stem Cells (iPSC)

NPCs were generated from isogenic human iPSC lines obtained from the
Jackson Laboratory. The cell lines carry the exact genetic material other than

one has the €3 allele and the other was modified to have the €4 allele.
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e In the monolayer culture protocol, single cell hPSCs are resuspended in STEMdiff Neural
Induction Medium and cultured as a monolayer. Following neural induction, NPCs are
expanded using STEMdiffTM Neural Progenitor Medium.

e To generate astrocytes NPC were plated on matrigel-coated plates and were grown in
astrocyte medium (ScienCell) for 40 days.
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In conclusion this study demonstrated that:

o IPSCs could be differentiated to NPCs and NPCs to astrocytes;

o IPSCs allowed studying human neurological diseases in a dish;
and

o Image analysis was a feasible technique to analyse intracellular
trafficking of ABCA1.

Our analysis showed that in human APOE4 astrocytes,

o recycling of ABCA1 to the cell membrane was decreased,

o ABCA1 accumulated within late endosomes and lysosomes

In combination with previous data, these results suggested that

ABCA1 was more likely to get stuck in the intracellular compartments

In €4 homozygote astrocytes than the €3 homozygote astrocytes,

resulting in degradation of ABCA1.
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