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The iDA Project (iPSCs to Study Diversity in Alzheimer’s and Alzheimer’s Disease-related Dementias) is
generating 200 induced pluripotent stem cell lines from Alzheimer’s Disease Neuroimaging Initiative partic-
ipants. These lines are sex balanced, include common APOE genotypes, span disease stages, and are

ancestrally diverse. Cell lines and characterization data will be shared openly.

Over 47 million individuals worldwide live
with Alzheimer’s disease (AD) and related
dementias (ADRDs); this number is rising
rapidly with an aging population (Alz-
heimer's Disease Facts and Figures
2023, https://www.alz.org/). The increase
of ADRD incidence is accompanied by
an increasing medical, financial, and
emotional toll for families and governments
around the world. AD is the most common
neurodegenerative disease. Although years
of research have advanced our under-
standing of disease progression, only
recently have a few disease-modifying
immunotherapies emerged for AD.’
Although these therapies present some
hope for slowing disease progression in
eligible patients, there is still much more
to be understood about the molecular
drivers of risk and progression for AD
and other related dementias. A more com-
plete understanding of this biology can
accelerate the development of preventa-
tive and therapeutic approaches for these
devastating diseases.

Recent advances in genomic technolo-
gies have allowed more detailed research
on molecular mechanisms and drivers.

Forexample, the lowered cost of array gen-
otyping and next-generation sequencing
has empowered large-scale genetics
studies to identify rare and common vari-
ants that govern risk and resilience to
ADRDs.? Single-cell profiling techniques
have allowed for the resolution of molecular
mosaics of cell types from complex mix-
tures.®> Induced pluripotent stem cell
(iPSC) technology combined with genome
editing enables the exploration of the
biochemistry and cell biology of multiple
human brain cell types, including neurons,
glia, and endothelial cells.*

Despite the advances in research meth-
odology, many of the ADRD studies in
the past have overlooked differences in
genetic, sex, and ancestral diversity.5
The largest genome-wide association
studies identifying novel genetic risk fac-
tors have been performed in cohorts of
Northern European descent. Smaller
epidemiological studies in non-European
populations have found that some risk as-
sociations diverge between populations
with different ancestral backgrounds. A
recent meta-analysis of a number of these
non-European studies revealed that key

genes for ADRDs have ancestry-specific
effects.® APOE, which codes for apolipo-
protein E, is one of most notable genes to
emerge from this study. The ADrisk variant,
APOEA4, has long been touted as the stron-
gest genetic risk factor for AD and impacts
risk for several related dementias.” Howev-
er, the magnitude of APOE4’s effect on AD
risk is dependent on ancestral background;
it functions as a strong risk variant in Euro-
pean ancestry populations, while its effects
in other populations vary from moderate in
populations with African descent to high in
South Asian populations.” Both epidemio-
logical and genomic studies have sug-
gested that sex-specific differences exist
in ADRD incidence, progression, and risk
factors.® The molecular mechanisms that
contribute to these differences are not
well understood.

iPSC tools to study ADRDs

iPSC-derived neural cell types offer a tool
with which to understand human brain
tissue physiology and biochemistry in
neurodegenerative diseases. Circumvent-
ing the need to obtain human brain bi-
opsies, iPSC-derived neural cell types
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allow researchers to study human brain
cells in isolation and in combination with
other cell types in two- and three-dimen-
sional cultures. The combination of
iPSC-derived cell culture and large-scale
sequencing and profiling techniques like
single-cell transcriptomics, assay for trans-
posase-accessible chromatin  (ATAC)
sequencing, genomic sequencing, prote-
omics, metabolomics, and functional ge-
nomics tools have enabled a new era of
investigation in molecular ADRD research.
Together, these techniques enable re-
searchers to develop testable hypotheses
on the cell biology of ADRD causative
genes and risk factors.

As testament to the power of iPSCs in
ADRD research, many consortia have
assembled biobanks of iPSCs focused
on a specific disease or disease subset.
For example, Answer ALS (answerals.org)
has assembled a large collection of
iPSCs (over 1,100) derived from amyotro-
phic lateral sclerosis (ALS) patients
and healthy donors. The Tau consortium
(fauconsortium.org) has assembled a set
of over 30 patient-derived lines from pa-
tients with primary tauopathies. National
Centralized Repository for Alzheimer’s Dis-
ease and Related Dementias (NCRAD,
ncrad.iu.edu) has collected iPSCs from
several labs to assemble a larger central-
ized bank of over 300 iPSC lines harboring
ADRD-causing and risk mutations, as well
as healthy control cells. The NINDS Stem
Cell Catalog (stemcells.nindsgenetics.org)
has banked 421 iPSCs across 14 neurode-
generative diagnoses and their respective
controls. Another approach taken is to
bank iPSC lines from donors with a wide
array of indications. The California Institute
of Regenerative Medicine (CIRM, www.
cirm.ca.gov/researchers/ipsc-repository/
about/) has done just this with 1,556 pub-
licly available iPSC lines in its biobank.
These lines span 42 different diagnoses,
including 64 lines from patients with AD.
Taking a different approach, the NIH Cen-
ter for Alzheimer’s and Related Dementias
(CARD) iPSC Neurodegenerative Disease
Initiative (iNDI) is engineering multiple
iPSC lines, each harboring one of 134
ADRD-associated mutations all in a few
well-validated parental-background iPSC
lines.? iNDI is creating homozygous, het-
erozygous, and revertant lines to allow
comparison of the effects of different
ADRD-associated single nucleotide poly-
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morphisms (SNPs) without the confound-
ing effects of different genetic back-
grounds and the off-target effects of
genetic engineering.

Many of these repositories have tried to
ensure access to many of the lines (accord-
ing to donor wishes) within certain material
transfer agreement boundaries. Some of
these databases also offer basic character-
ization data on the lines, including exome
sequencing, whole-genome sequencing,
genotyping, and RNA-sequencing data.
Many repositories contain a wide variety
of disease indications depending on donor
accessibility. For the repositories curated
around a disease indication (Answer ALS
and NCRAD), the lines represent multiple
genotypes that are causal or confer risk
for disease. Due to the paucity of many of
these genotypes in the population, the
number of iPSC lines available around a
single risk gene or causal gene, even in
large repositories, is limited. Finally, many
of these repositories lack significant repre-
sentation from non-European ancestry
populations. Diverse genetic background
representation is especially important in
understanding the genetic drivers and risk
of neurodegeneration.

The iDA Project

Our goal is to create an ancestrally diverse
iPSC repository focused around one of the
most important genes in AD risk: APOE.
The iDA Project cell set is drawn from
individuals from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) biobank.
ADNI participants are classified with one
of five increasingly severe diagnoses: con-
trol (CN), significant memory concerns
(SMCs), early mild cognitive impairment
(EMCI), late mild cognitive impairment
(LMCI), and AD dementia. Many of
these patients have diagnostic imaging,
biofluid retrieval, and even brain tissue.
We utilized peripheral blood mononuclear
cells (PBMCs) from these participants
collected by the ADNI Genetics Core and
banked at NCRAD. In partnership with
the New York Stem Cell Foundation, we
are reprogramming these PBMCs into
iPSCs. The use of PBMCs to generate
iPSCs avoids the additional UV-associated
mutational burden that can arise from
dermal fibroblast reprogramming. In our
cell set, we selected 100 participants with
cognitive symptoms of varying degrees
(AD dementia, LMCI, EMCI, and SMC)
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and 100 neurologically healthy control indi-
viduals. Within these lines, we used self-
declared ancestry status to include all
individuals with non-European ancestry
whose PMBCs were available. The 200
iDA Project lines were stratified to include
100 male and 100 female lines. Given the
incredible influence of the APOE genotype
on AD risk and progression, we included
approximately equal numbers of lines
with APOE3/3, APOES3/4, or APOE4/4 ge-
notypes. We used ADNI-supplied geno-
typing array data to determine genetic
ancestry using NIH CARD’s suite of
computational tools'® (Figure 1).

After reprogramming, iPSCs are sub-
ject to a thorough quality-control pipeline,
including testing for sterility, myco-
plasma, karyotype abnormalities, array
genotyping to match identity to the parent
PBMCs, pluripotency, and differentiation
capacity into the three germ layers. These
iPSCs will then be banked and distributed
to the research community through
NCRAD. NIH CARD is also planning to
generate foundational companion data
for these lines. Initially, we will differen-
tiate these iPSCs into two neural cell
types with significant involvement in AD
pathogenesis: astrocytes and neurons.
Following these initial two cell types, we
plan to expand our data generation for mi-
croglia, a cell type which is known to play
a unique role in AD depending on its
APOE genotype. For each of these differ-
entiations, we plan to generate single-
cell-level data on the transcriptome and
the chromatin state, as well as bulk prote-
omics and long-read DNA sequencing.
These data will be shared openly with
the research community. Taken together,
these cells and accompanying data will
be a transformative resource for those
interested in ADRD research and, specif-
ically, in the role of APOE variants on
disease pathogenesis across genetic
ancestries.

In addition to their well-established as-
sociation with AD risk, APOE variants
also govern risk and resilience for other
neurological diseases like dementia with
Lewy bodies, macular degeneration, and
cerebral amyloid angiopathy and non-
neurological conditions like COVID-19
and cardiovascular disease.” Therefore,
the iDA Project lines and data could serve
as a resource for researchers across mul-
tiple disease indications.
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Figure 1. Overview of the iDA Project
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The iDA Project will generate 200 iPSC lines from PBMCs from ADNI participants. Once reprogrammed, these lines are subject to rigorous quality-control testing
and then shared for public distribution through NCRAD. At the NIH, these lines will be differentiated into central nervous system cell types like astrocytes, neurons,
and microglia. Genomic, transcriptomic, and proteomic data will be generated for each of these differentiated lines and shared openly with the research
community. These lines are primarily of the APOE3 homozygous, APOE3/APOE4 heterozygous, and APOE4 homozygous genotypes. The lines contain all the
non-European ancestry participants whose samples were available through ADNI and contain equal numbers of male and female samples. EUR, European; AAC,
African or Afro-Caribbean; AFR, African; EAS, East Asian; AJ, Ashkenazi Jewish; AMR, Amerindian; SAS, South Asian; CAH, complex admixture history; CAS,
Central Asian. These data, along with the iPSC lines, will serve as an important resource to examine the interactions among cognitive impairment, sex, APOE
genotype, and ancestral background. Created with BioRender.com.

Discussion

Despite the incredible potential for iPSC
research in uncovering the etiology of
ADRDs, existing iPSCs that have previ-
ously been used for research do not typi-
cally reflect the ancestral and sex diver-
sity of the patient populations within the
US and worldwide. The iDA Project
repository is a step toward increasing rep-
resentation of non-European ancestry
lines to iPSC neurodegenerative disease
research and studying the effects of
APOE genotypes in the context of ances-
tral diversity. NIH CARD has initiated
another large iPSC initiative, the iNDI proj-
ect, where a large set of iPSCs harboring
ADRD mutations is engineered into a few
well-validated background parental lines.

The iDA Project takes a complementary
approach; although both projects create
hundreds of iPSC lines, the iDA Project fo-
cuses on genetic diversity across individ-
uals and generates lines with variants
of the same gene in different genetic
backgrounds.

Our foundational data will not only
enable the research of those using lines
from the iDA Project but will also allow
the study of the interactions between
sex, ancestral background, and APOE
genotype. For this first set of iDA Project
lines, we were limited by the participants
present within the ADNI cohort (Figure 1).
This includes 126 lines of European
ancestry, 44 lines of African or Afro-Carib-
bean ancestry, 19 lines of Asian ancestry

(East, South, and Central Asian), 6 lines
with Ashkenazi Jewish ancestry, 3 lines
with Amerindian ancestry, and 2 lines of
a complex admixture of ancestries. We
realize that we may not yet have enough
lines to perform a fully powered analysis
of the interaction between ancestral
background and molecular phenotypes.
We also recognize that some minoritized
groups who are severely impacted by
ADRDs may not be represented well in
this initial iDA line set. For example, there
are no lines from individuals with Latine/
Hispanic origin in our dataset and very
few lines from individuals with Amerindian
ancestry. There is the opportunity to
expand into lines that examine risk factors
other than APOE and to establish further
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lines that fully capture the diversity of the
US ADRD patient population. The crea-
tion of these lines and expansion of the
iDA Project depends on availability of
research participant material and access.
Working with historically marginalized
communities to expand these banks
must be done carefully. Initially, trust of
the biomedical enterprise must be estab-
lished with these communities, who have
often been the victims of past abuses.
However, we hope that our initial set of
iPSCs will be a springboard for future
line creation and curation with diversity
in mind.

We are delighted to introduce the iDA
Project to the research community, not
only as a powerful scientific resource but
also as an example of conscious inclusion
within ADRD research. We hope that
our effort will be the start of model
curation and data generation that better
represents all the communities impacted
by ADRDs.
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