An in vitro toolkit to study the
cell-specific roles of
glutamatergic neurons and glia
In Alzheimer’s disease

Abstract

In neurodegenerative diseases, such as
Alzheimer’s disease (AD), the impairment
of neuronal functions leads to the loss of
cognition and memory. Consequently, a
neuron-centric view has prevailed in AD
research, and there has been limited
research into the role of glial cells. Recent
evidence shows that astrocytes, microglia,
and oligodendrocytes are impacted by
amyloid beta peptides, thereby playing a
critical role in AD progression. In particular,
amyloid beta peptides can induce
inflammatory markers in astrocytes, a
destructive inflammation in microglia,
possibly resulting in excessive synapse
pruning and neuronal death, as well as as
a focal demyelination of axons that are
ensheathed by oligodendrocytes. Using

deterministic cell programming technology,
opti-ox™, we generated the key cell types
involved in AD progression, from iPSCs,
and engineered genetically matched
disease models and CRISPR-ready cells.
We generated heterozygous and
homozygous PSEN1 M146L, APP
KM670/671NL or APP V7171 mutations —
associated with early-onset AD — in our
excitatory ioGlutamatergic Neurons. These
mutations recapitulate the increase in
amyloid beta 42 secretion as observed in
Alzheimer’s patient material and show the
expected change in ratio of the amyloid
beta peptide variants. In addition, we
introduced TREM2 and APOE mutations
into ioMicroglia, which are associated with
an increased risk of late-onset AD.

Our protocol for the co-culture of
ioMicroglia and ioGlutamatergic Neurons
enables the creation of complex cellular
model systems to study the role of glial
cells in AD progression. The generation of
CRISPR knockout-ready derivatives of
ioGlutamatergic Neurons and ioMicroglia
allows the identification and
characterisation of novel genes involved in
AD progression. Furthermore, biological
complexity can be further increased with
the addition of ioAstrocytes and
ioOligodendrocyte-like cells. Overall, our in
vitro neuroscience toolkit provides
opportunities for disease mechanism

elucidation and therapeutic discovery, in
the human context.

1. Human ioGlutamatergic Neurons are simple to culture
and show high lot-to-lot consistency

A. Cells are shipped cryopreserved and are
programmed to mature into ioGlutamatergic
Neurons upon revival. The User Manual (UM)
protocol has 2 phases. Phase 0: an induction

A Overview of the ioGlutamatergic Neurons culturing protocol
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Revival of ioGlutamatergic Neurons and

phase carried out at bit.bio. UM Phase 1:
stabilisation for 4 days with doxycycline.
Phase 3: the maintenance phase. Cells are
ready to use from day 4 post-thaw.

B. Bulk RNA sequencing analysis on
triplicates of three independent lots of
ioGlutamatergic Neurons at three different
time points of the deterministic cell
programming protocol (day 1, 11 and 18).
Principal component analysis represents the
variance in gene expression between the lots
of ioGlutamatergic Neurons and shows high
consistency across each lot at each given
timepoint.
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2. ioGlutamatergic Neurons derivatives for studying
Alzheimer’s Disease and performing CRISPR screens

A Increased AB38, Af40 and AB42 levels in ioGlutamatergic Neurons APP KM670/671NL

ioGlutamatergic Neurons carrying APP
KM670/671NL (A), APP V7171 (B) or PSEN"1
M146L (C) mutations — associated with early-
onset AD — recapitulate the increase in
amyloid beta peptide as observed in
Alzheimer’s patient material and show the
expected change in amyloid beta ratios.
ioGlutamatergic Neurons wild type (WT),
Heterozygous (HET) or homozygous (HOM)
mutant cells were seeded at 30,000
cells/cm? in 24-well plates and cultured for 30
days according to the user manual.
Supernatant was collected at day 30.

Levels of Ap38, AB40 and AB42 peptides were
quantified using the V-PLEX A Peptide Panel
1 (6E10) Kit (MSD K15200E-1).
Concentrations of Ag38, Ap40, Ap42 were
normalised to the calculated total number of
cells per well.

Data were obtained from two independent
experiments and are shown as mean + SEM.
Data were analysed statistically using
Student’s t-tests comparing each clone to the
wild type. * p<0.05 ** p<0.01 ***p<0.001.

D. Workflow overview of CRISPRko-Ready
ioGlutamatergic Neurons and data of a
CRISPR screen. The CRISPR screen
involved lentiviral transduction of sgRNAs
targeting 100 genes associated with
neurodegenerative diseases. The transduction
was carried out on day 3, and single-cell gene
expression analysis was performed on day 12.
Clustering occurred of aminoacyl-tRNA
synthetase (aaRS) knockouts including
AARS1, HARS1, CARS1, and GARS1 as is
shown in the UMAPs. Pathway analysis
showed sgRNAs targeting aaRSs activated
the unfolded protein response (UPR), which
has been associated with many
neurodegenerative diseases, especially
Charcot-Marie-Tooth neuropathy (CMT).
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D CRISPR screen with CRISPRko-Ready ioGlutamatergic Neurons
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3. Human ioMicroglia show high lot-to-lot consistency
making it suitable for the disease modelling of AD risk

factors

A. Cells are shipped cryopreserved and are
programmed to mature into microglia upon
revival. The UM protocol is in 3 phases.
Phase 0: an induction phase carried out at
bit.bio. UM Phase 1: stabilisation for 24 hours
with doxycycline. Phase 2: maturation for 9
days. Phase 3: the maintenance phase. Cells
are ready to use from day 10 post-thaw.

B. Bulk RNA sequencing analysis on three
independent lots of male and female
ioMicroglia at three different time points of the
deterministic cell programming protocol.
Principal component analysis represents the
variance in gene expression between the lots
of ioMicroglia and shows high consistency
across each lot at each given timepoint.

C. Available Alzheimer’s disease risk factor
mutations in ioMicroglia are shown in the
table. Phagocytosis data of the APOE4/4
mutations are shown on the right. The left
graph displays the fluorescence intensity per
cell displaying degree of phagocytosis per
cell, and the right graph the proportion of cells
phagocytosing E. coli particles over 24 hours.
The ioMicroglia wild-type (WT) and APOE4/4
mutated cells were analysed at day 10 post-
revival after incubation with 1 ug/0.33 cm?
pHrodo™ RED labelled E. coli particles for 24
hours +/- cytochalasin D control. Images were
acquired every 30 mins on the Incucyte®
looking at red fluorescence and phase
contrast. Three technical replicates were
performed per experiment.

A ioMicroglia are ready to use in 10 days
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4. CRISPRko-Ready ioMicroglia functional genomics

studies

A. CRISPRko-Ready ioMicroglia constitutively
express Cas9 for routine gene knockouts and
CRISPR screens and are delivered as a
cryopreserved product. The protocol for culturing
these cells requires a 10-day maturation phase.
sgRNA targeting B2M was delivered by lipid-based
transfection on day 10 post thawing. followed by
FACS analysis on day 15 showing 84% knockout
efficiency of B2M.

B. An activation signature of LPS-treated CRISPRko-
Ready ioMicroglia was identified using bulk RNA-
sequencing. A total of 1,610 genes were differentially
expressed between the LPS-treated and untreated
conditions. Out of these, 258 genes were selected for
the targeted sequencing readout. This signature
served as a benchmark in the pooled scCRISPR
knockout screen to identify modulators of LPS-
induced activation. For the pooled scCRISPR
screen, 110 candidate genes associated with
neurodegeneration and neuroinflammation were
selected. Guide RNAs were delivered via lentiviral
transduction on day 10, aiming for a single
integration per cell. Cells were treated with +/- LPS
for 24 hours before single cell processing on day 15.
Cosine similarity analysis identified 17 gene
knockouts by comparing knockouts in LPS-treated
and untreated CRISPRko-Ready ioMicroglia. The
heatmap shows Log2FC profiles for gene knockouts
that had a cosine similarity above 0.3 (arbitrarily
chosen threshold) compared to cells with non-
targeting guides in the unstimulated condition.
Knockouts are sorted based on their cosine similarity
to the non-LPS condition. CD14, MAP3K7, TIRAP,
IKBKG, TRAFG6, IKBKB, LY96, TICAM1, RELA, and
TLR4 are genes known to be involved in LPS
activation mediated via the TLR4 signalling pathway.

A Workflow overview of CRISPRko-ready ioMicroglia resulting in high knockout efficiency
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5. Co-cultures of ioMicroglia with ioGlutamatergic

Neurons

A. ioGlutamatergic Neurons were cultured to day
10. ioMicroglia, cultured to either day 1 or day 10,
were added directly to day 10 ioGlutamatergic
Neurons. The co-cultures were maintained for a
further 8 days. Confocal images of ioGlutamatergic
Neurons (left) stained with MAP2 and male donor-
derived ioMicroglia (middle) stained with IBA1.

100 pm scale bars.

B. As above but at 40x, 20 um scale bar. Male
donor-derived ioMicroglia display a ramified
morphology and show indications of interactions
with neurons (stained with MAP2, red).

A ioMicroglia and ioGlutamatergic Neurons co-culture

6. Utilising GFP ioMicroglia for live-cell imaging
and easy co-culture tracking

A. Flow cytometry analysis demonstrating GFP
expression in over 99.5% of cells for GFP
ioMicroglia cultured until day 11, with no GFP
expression seen in wild type ioMicroglia Male
(io1021). At day 21, the percentage of cells
expressing GFP and the intensity does not
decrease over time, indicating there is no silencing
of the GFP gene.

B. Schematic overview to set up a co-culture of
ioGlutamatergic Neurons and GFP ioMicroglia.
GFP ioMicroglia are harvested at day 10 post-thaw
and added to day 11 post-thaw ioGlutamatergic
Neuron cultures.

C. GFP ioMicroglia were cultured to day 10 post-
thaw and were added directly to day 11
ioGlutamatergic Neurons. The co-cultures were
maintained for a further 3 days before live-cell
imaging with Leica DMi8.Brightfield and
fluorescence images were taken and merged,
demonstrating distribution of GFP ioMicroglia within
the co-culture

A Flow plots showing GFP expression up to day 21 post-thaw
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Summary & conclusions

opti-ox-mediated deterministic cell
programming results in high lot-to-
lot consistency enabling the
generation of reliable cell models
that recapitulate aspects of
neurogenerative diseases and the
development of consistent and
advanced co-culture systems.

CRISPRko-Ready ioGlutamatergic

Neurons and ioMicroglia

constitutively express Cas9 nuclease
for gene knockout and functional

assays. Our proof-of-concept

CRISPR screens show the suitability

100 um

tracking of cell motility and

GFP ioMicroglia enable easy

morphology, aid assessment of co-
culture integration via live-cell

imaging and enable antibody-free

of CRISPRko-Ready ioMicroglia and
ioGlutamatergic Neurons to identify

genes in pooled screens that critically

modulate molecular pathways

involved in microglia activation and

change expression signatures.

cell sorting.



