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Table 1. Starting Material :Patient –Derived Samples From the
Parkinson’s Institute
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Figure 2. NSCs generated from PD patient-derived iPSCs in 7 days
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For the purpose of identifying differentially expressed genes, patient-derived iPSCs
were treated as biological replicates and all NSCs derived from patient-derived iPSCs
were treated as biological replicates. Expression level of pluripotency markers reduced
in NSCs compared to source iPSCs. Expression of genes related to neural
differentiation were up regulated in NSCs vs.. iPSCs. Several interesting gene
candidates were identified by differential expression between disease and normal NSC
populations.
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Table 3. Genes Showing Highest Differential Expression Between
Disease NSC and Normal NSC

Table 2. Summary of Flow Cytometry Analysis

Representative
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Progression of reprogrammed human iPSC towards neural induction which
bypasses the need for EB formation and/or neural rosettes. Although some
morphology of the neural cells varied between samples, all NSCs generated
from patient-derived iPSCs demonstrated the ability to stain for known neural
markers and several of the lines are currently being used in downstream glial
and astrocyte differentiation studies.
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All iPSC-derived NSC lines exhibited positive expression for Nestin,
Sox1, and Sox2. All NSCs were negative for Nanog expression. All flow
cytometry samples were run and analyzed on the Attune® Acoustic
Focusing Cytometer.

Figure 3. All iPSC-Derived NSC Lines Displayed a Normal Karyotype
Figure 6. Heat Map Comparison Showing NSCs Cluster Distinctly
from iPSCs

Genes represented here illustrate those that were upregulated and down regulated,
respectively, in a comparison between patient-derived disease and normal NSCs.

CONCLUSIONS
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Karyotype analysis was performed on all six iPSC patient-derived NSCs. All
lines displayed normal karyotypes via G-banded analysis. In addition, all six
lines were banked and fully characterized through immunocytochemistry
(ICC), and flow cytometry using known neural markers. Neural gene
expression analysis was also carried out. ( Karyotype analysis courtesy of
WiCell Research Institute).

Figure 4. All iPSC-Derived NSC Lines Demonstrate Expected Neural
Markers by ICC
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Timeline illustrates the rapid and efficient strategy for the generation of
patient derived NSCs in just seven days followed by banking and
characterization.
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Here we demonstrate a rapid, robust and efficient method for the
generation of neural stem cells from disease and non-disease donors
in just seven days , displaying normal karyotypes. We illustrate that
these NSCs express known neural markers and can be further utilized
in downstream screening applications. In addition it will be possible to
generate other neural cell types, such as DA neurons and
glia/astrocytes ( these studies are currently underway). With the
generation of these fully characterized Parkinson’s disease patient derived NSCs we can look at downstream gene editing methodologies
to better understand the nature of Parkinson’s and other
neurodegenerative diseases.
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Cluster Analysis and heat map clearly distinguishes cell populations; NSCs
are distinct from iPSCs in their clustering and cells of the same type ( i.e.
NSCs, iPSCs, and ESCs) cluster together.

Figure 7. Pluripotency Markers Are Down regulated in NSCs

PD-3

SPRED2

TERT

NSCs cluster distinctly from iPSCs

Six donor fibroblast samples were received from the Parkinson’s
Institute and reprogrammed using Life Technologies’ CytoTune® -iPS
Sendai Reprogramming Kit. All six iPSC lines were tested for known
human pluripotency markers and had normal karyotypes prior to neural
induction. Using Gibco® PSC Neural Induction Medium, a serum-free
medium that provides high efficiency neural induction of human pluripotent
stems cells (PSCs) , we were able to generate neural stem cells in just
seven days. Unlike existing methodologies, use of Gibco® PSC Neural
Induction Medium does not require the intermediary step of embryoid
body (EB) formation, which adds time, labor, and variability. Neural Stem
Cells (NSCs) generated using Gibco® PSC Neural Induction Medium have
high expression of NSC markers and can be further differentiated into
other neural cell types.
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INTRODUCTION
Human pluripotent stem cells (PSCs) including embryonic stem
cells (ESCs) and induced pluripotent stem cells (iPSCs) are excellent
sources for studies of cell fate specification, disease modeling and drug
screening. In order to produce various neural cells from PSCs, the
induction to neural stem cells (NSCs) is the first important step.
Conventional methods of NSC derivation from human PSCs involving
embryoid body (EB) formation or co-cultures with stromal cell lines have
several disadvantages including a time-consuming protocol and variability
in the quality of resulting NSCs. We have developed a chemically defined
neural induction medium which can convert human PSCs into NSCs in
one week with 80-90% of efficiency but without the time consuming
laborious processes of EB formation and mechanical NSC isolation.

Figure 8. Differential Gene Expression of NSC vs.. iPSC and Disease vs.
Normal NSC

100% Nestin positive, 70% - 95% SOX1 positive
Nanog negative, 70% - 92% SOX2 positive
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Parkinson’s disease (PD) is one of the most common
neurodegenerative disorders affecting a million people in the United States
alone, with 50,000 Americans being diagnosed with PD each year. The
absence of physiologically relevant cellular models for PD represents a
major bottleneck for PD research. Novel models are urgently needed to
accelerate the discovery of disease mechanisms and drug targets and for
screening purposes which could rapidly translate into a wide range of
clinical and therapeutic applications. Patient-specific iPSC-derived cell
types have become an attractive tool for disease modeling in vitro.
For neuronal differentiation, one commonly used approach is
embryoid body (EB) formation followed by neural rosette isolation and
expansion. This approach can generate neural stem cells (NSCs) which
can differentiate into different neuronal cell types and glia and can be
cryopreserved for further maturation. The current limitation is that the
process is laborious, inefficient, and the cells usually need to be further
purified. To overcome these limitations, we developed a novel neural
induction method that allows for the generation of NSCs from iPSCs within
7 days without the need for EB formation. In this study, we differentiated 4
PD iPSC lines and 2 age-matched control lines into neural stem cells
using a novel neural induction/expansion media to differentiate iPSCs from
an adherent monolayer on different matrices or feeder cells. We
demonstrate that the generated NSCs are karyotypically normal, and
express known NSC markers: Nestin, Sox1 and Sox2. Furthermore, gene
expression analysis distinguishes these NSCs from their parental iPSCs
and fibroblasts, and clusters them together with control NSCs derived from
H9 ESCs.
In summary, the novel neural induction medium allows for efficient
and robust generation of NSCs from PD patient-derived sample iPSCs
and has the potential for large scale NSC generation to be utilized for high
throughput/high content screening and drug discovery.

Figure 5. All iPSC-Derived NSC Lines Exhibit Expected Neural
Markers by Flow Cytometry

Figure 1. Neural Induction and Expansion Timeline
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We used six donor -derived fibroblast cell lines for this study. Four were
disease patient -derived samples and two were age matched healthy patient
control samples.
All samples were processed in parallel for the duration of these studies.
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All six iPSC-derived NSC lines stained positive for known neural markers Sox1,
Sox2, and Nestin. All NSCs were negative for Oct4. In addition, NSCs stained
positive for Pax6, a known regulator in neurogenesis and molecular regulation of
the central nervous system. ICC samples were analyzed on the FLoid® Cell
Imaging Station.

Expression level of NSC and pluripotency markers in NSCs compared
relative to source iPSCs. Some NSC markers show mixed results between
samples, depending on the patient-derived source. Pluripotency markers
are down regulated in NSCs. Data generated in Figures 5, 6, and 7 were
generated using the QuantStudio™.
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