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INTRODUCTION Differentiation of iPSCs to Neural Lineage Cells

» Human induced pluripotent stem cell (IPSC) technology has provided unique ways to understand and  Differentiation of Control Human iPSCs to Isogenic Neural Stem Cells and Neural Lineage
potentially treat human diseases using cells from individual patients. Cells:

» IPS cells are amenable to genomic modifications using site-specific gene editing technologies such as
CRISPR/Cas9, by which we can correct/ introduce precise disease causing mutations in patient or healthy
IPSCs, respectively.

SOX1/-DAPI NESTIN/ DAP Immunohistochemistry to characterize neural
lineage cells differentiated from human IPSCs.
Control human iIPSCs were first differentiated into
neural stem cells (NSC) as a stable precursor:
SOX1 (red) and NESTIN (green).

» Genome edited IPSCs and their isogenic control (or parental line) offer highly-controlled experimental models 3
for reliable comparison of results. e heee

Neural Stem Cells

» These isogenic cell lines can be further differentiated into target cell types that are relevant to the disease, (as a stable intermediate)

and then used to interrogate disease phenotypes or to screen novel therapeutic agents. These NSCs were further differentiated Into

functionally viable neurons: > 90% cortical/ mixed
GalC/DAPI neurons (GABA: red; Tujl: green) or > 30%
dopaminergic (dopamine) neurons (TH: red). The
NSCs were also differentiated into glial cell
lineages: > 85% astrocytes (GFAP: red) and about

» Here, we describe this process from (1) IPSC generation from a somatic cell source, (2) engineering disease g | TH/ DAPI GFAP/DAP!
models with precise genomic modifications using CRISPR/Cas9; (3) differentiation to neural lineages; and (4) P, S
the usability of these IPSC-differentiated neurons as reliable in vitro models for drug or neurotoxicity

screening . | 50% oligodendrocytes (GalC: red). Nucleus marker:
Cortical Dopamine Astrocytes Oligodendrocytes DAPI, blue.
Neurons Glial Cells
EXperlmenta| DESlgn Differentiation of the Parkinson’s Gene Knockout iPSCs into Dopamine Neurons:

Dopamine neurons differentiated from gene knockout iPSCs recapitulate ¥ mmunocytochemical for dopamine
neuron marker, TH; green) showed

IPSC Cell Line Models to Mimic IPSC Differentiation to Cell-based assays for the disease phenotype seen in patient-derived dopamine neurons reduced TH+ staining in gene knockout (-

Human Diseases Neural Lineage Cells phenotype & drug screening /- KO) iPSC-derived dopamine neurons
&% 9 as compared to parental/ control (+/+ WT)
25% 1 IPSC-derived neurons. Neuronal marker:
20% - Tujl; red was used to stain total
15% - population of neurons. (B)The number of
10% - TH+ dopamine neurons derived from
5% - Park2 -/- IPSCs was also significantly
0% - lower as compared to control (+/+ WT)
+/+ WT /- KO +/+ WT -I- KO cell line.
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Integration-Free iPSC Reprogramming from Somatic Cells

Differentiation of Astrocyte-Specific Reporter IPSC Line to Astrocytes:
IPSCs from Control/ Healthy CD34+ Cord Blood Cells: »

TRA1-81/DAPI Human iPSCs were generated from CD34+ cord blood
cells from a healthy patient using episomal vector-based
reprogramming methods. HiPSC lines were generated
and maintained using feeder-free conditions.
Immunohistochemistry for pluripotency marker: OCT4, Al © SRR
NANOG, TRA-1-60, and TRA-1-81; nuclear staining: %" Day of Differentiation
DAPI (blue)

40000 ] (A) Immunohistochemical staining for GFAP (green) and Halotag (red)
30000 | showed co-localization (yellow) of reporter gene in astrocytes. (B) Functional
20000 | validation of astrocytes differentiated from astrocyte-specific reporter iPSC
10000 - line by luciferase activity assay measured over 23 days from the neural stem
' - cell to astrocyte maturation.
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IPSCs from Healthy PBMCs:

TRA-1:81 Human iPSCs were reprogrammed from peripheral
SEE S blood mononuclear cells (PBMCs) from a healthy patient
SRR using sendai viral-based methods and feeder-free
& culture conditions. Immunohistochemistry for
% pluripotency marker: OCT4, SOX2, TRA-1-60, and TRA-
1-81; nuclear staining: DAPI (not shown)
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CRISPR/Cas9
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Generation of an Astrocyte-Specific Reporter Line: » IPSCs offer a novel solution for generate predictive in vitro models of human diseases that are
A G E s L RNACuLSte  GFAP 3UTR renewable, easily available and .reliable, especially for hard-to-source or difficult to model human
' _ ,H H ,eij A. Schematic representation of a reporter gene (Nanoluc- diseases.
| = Halotag) knock-in into an endogenous locus of an
 HR Donor astrocyte-specific gene. » IPSCs can be genetically engineered using gene editing technologies such as CRISPR/Cas9 to
Nanoluc-Halotag 24 Neo Lox-Puro-Los precisely introduce mutations to mimic various human diseases, or to correct disease mutations in

GFAP Modified Locus

H—H-H —— patient lines for drug discovery or cell therapy research.

» Genetically engineered IPSCs and their isogenic parental lines provide a controlled experimental

B.  SuundinPR 5 lunctionPCR B. Junction PCR to confirm the insertion of the reporter Iatf
. gene to the locus of choice in a control iPSC line. Three platiorm.
e OF Rrimers U WEt 10 Vely Msenien e e > iPSCs can be differentiated into functional and somatic lineages in an isogenic background for
reporter gene: 3’ Junction PCR for right arm integration; Tk fic f f it d effect of d diff f i
5 Junction PCR for left arm integration; open reading studying genetc functionality ana €efrect of drugs across aifferent issues.

frame (ORF) PCR to confirm insertion at the correct > We have shown that iPSC-derived neuronal and glial cells can be used for modeling
locus. The insertion of reporter gene was compared

against wild type (WT) fragment. neurodegenerative diseases as well as for neurotoxicological and neuroprotective drug screening.
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