Overview

* Genetic manipulation of molecular pathways In
human induced pluripotent cell (hiPSC)-derived
brain cells is challenging due to low transfection
efficiencies and low cell survival rates after
transfection.

“* We determined transfection efficiency of different
methods In hiPSC-derived neurons, astrocytes
and microglia.

“* We compared:

a. Chemical (cationic lipid-based)

b. Physical (electroporation)

c. Biological (viral delivery) transfection methods to
deliver a fluorescent reporter gene, EGFP, that is
expressed under a ubiquitous promoter.
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Introduction Materials and Methods

Human IPSC-derived brain cells provide valuable platforms to study underlying
molecular mechanisms of human neurological disorders. These studies often
require genetic manipulation of molecular pathways, through protein
overexpression and gene knockdown, to identify gene targets for therapeutic
development. It is well-known that delivery of synthetic nucleic acids into brain cells
IS challenging and often results in low transfection efficiencies and low cell survival
rates after transfection. While numerous research studies have focused on
transient gene delivery to primary neurons isolated from rodent models, similar
studies for human IPSC-derived brain cells have been limited.

We aimed to determine optimal transfection methods for hiPSC-derived brain
cells that would yield high transfection efficiency and low cytotoxicity. We performed
chemical (cationic lipid-based), physical (electroporation), and biological (viral
delivery) transfection methods to deliver a fluorescent reporter gene that is
expressed under a ubiquitous promoter. This study provides guidance for
researchers who aim to overexpress or knockdown genes of interest transiently in
relevant human brain cells to understand their functions and identify therapeutic
targets in neurological disorders.

Preparation of hiPSC-derived neurons and glia at DIVO

hiPSC-derived neurons and glia were thawed according to BrainXell, Inc. protocols

Chemical Transfection at DIV1

hiPSC-derived neuron and glia were
seeded and left to recover overnight.

Plasmid DNA (CAG-EGFP) and
Transfection Reagent complexes
were prepared according to
manufacturers protocol and added
onto cells.

Viral Transduction at DIVO

Lentivirus (hPGK-EGFP or CMV-
EGFP) and AAV serotypes (CAG-
EGFP) (VectorBuilder) were added at
the time of cell seeding.

Specified multiplicity of infection (MOI)
was used for each serotypes.

Electroporation at DIVO

Electroporation was done using
Invitrogen Neon Transfection System
Immediately following cell thawing.

4ug of plasmid DNA (CAG-EGFP) was
used for 1 million cells in 100uL
transfection volume.

Immunostaining and Analysis

Imaging was performed using an Agilent LionHeart FX imaging system following immunostaining with cell specific protein markers
and nuclear staining, DAPI. At least 20 images were collected with 10X air objective and then subsequently processed with the
same software used for collection to determine transfection efficiency. Transfected cells that do not express cell markers were
omitted. At least 3 wells were quantified for each condition.
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Figure 1. Representative images of hiPSC-derived spinal motor neurons
/2-hours after CAG-EGFP plasmid transfection and quantification of
chemical transfection efficiency following immunostaining.
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Figure 2: Representative images of hiPSC-derived cortical glutamatergic
neurons 7 days after CAG-EGFP plasmid electroporation and
guantification of electroporation efficiency following immunostaining.

Figure 3. Representative images of hiPSC-derived cortical glutamatergic neurons 7 days after AAV (CAG-EGFP)
and Lentivirus (hPGK-EGFP) transduction and quantification of transduction efficiency following immunostaining.
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Figure 4. Representative images of hiPSC-derived astrocytes 72-hours
after CAG-EGFP plasmid transfection and guantification of chemical

transfection efficiency following immunostaining.
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Figure 7. Representative
Images of hiPSC-derived
microglia 7 days after
CAG-EGFP plasmid
electroporation. Efficiency
of gene delivery was
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electroporation efficiency following immunostaining.
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Figure 5. Representative images of hiPSC-derived astrocytes
after CAG-EGFP plasmid electroporation and quantification of
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7 days Figure 6: Representative images of hiPSC-derived astrocytes 7 days after AAV (CAG-EGFP) and Lentivirus

(CMV-EGFP) transduction and quantification of transduction efficiency following immunostaining.

Conclusions

Chemical transfection method was the most toxic method due to cationic lipid reagents. Human
IPSC-derived neurons and astrocyte only survived 3 days after transfection. Human iIPSC-derived
microglia were dead in 24 hours after transfection.

Electroporation method resulted in moderately successful transient gene delivery in hiPSC-

Figure 8:
Representative images
of hiPSC-derived
microglia 7 days after
Lentivirus (CMV-EGFP)
transduction at 10 and
20 MOI. Efficiency of
gene delivery was 13%
and15% respectively.

derived neurons and astrocytes. However, at least 50% more cells need to be seeded to achieve
healthy culture due to cell loss during electroporation step.

AAVS8 serotype was the most effective AAV serotype for hiPSC-derived neurons, while AAV2.Retro
and AAV2.7m8 serotypes were the most effective ones for hiPSC-derived astrocytes.

Lentivirus transduction was the most successful method for gene delivery for all cell types.
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