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Abstract

Differentiation of iPSCs into Motor Neurons

Amyotrophic Lateral Sclerosis (ALS) is a fatal adult-onset neurodegenerative
disease characterized by progressive motor neuron death in the brain and spinal
cord. Disease prognosis is severe, and the average lifespan for an ALS patient is
between 3-5 years following diagnosis, and there are no known cures (Taylor et
al., 2016). Recently, trinucleotide (CAG) repeat-expansion mutations in the polyglutamate (polyQ) domain of the RNA binding protein ataxin-2 have been linked
to both familial and sporadic cases of ALS, as intermediate-length (27-34) polyQ
repeats are enriched in ALS populations. In vivo fly and mouse models have
shown ataxin-2 to exacerbate ALS symptoms by acting as a toxic modifier of
TDP-43, a protein most commonly associated with motor neurons death in
patients with ALS (Elden et al., 2010). Despite this link, the neuron- specific
regulatory functions and mechanistic role of ataxin-2 in ALS pathogenesis
remain wildly unknown. Due to known role of ataxin-2 in regulating protein
translation, as well as the connection between misregulated protein expression
and neurodegenerative disease, we decided to investigate how ataxin-2
expression affects the expression of downstream target genes. Using
neuroblastoma cell lines that have been depleted of ataxin-2, we observe
several neuronal genes which are disrupted following gene knockdown. We use
molecular and biochemical techniques such as western blotting and RT-PCR to
validate protein and transcript-level abundance following ataxin-2 depletion, as
well as assays such as changes in regulatory function introduced by these polyQ
repeat expansion mutations. SUrface SEnsing of Translation (SUnSET) to assess
perturbations global levels as translation in a neuronal background.
Additionally, we have also used CRISPR-Cas9 to generate a set of both
immortalized (293T) and induced pluripotent stem cell (iPSC) lines containing
polyQ repeat mutations matching those found in ALS. By differentiating these
iPSCs into motor neurons, we can assess both the general and neuronal changes
in regulatory function introduced by these polyQ repeat expansion mutations.

Differentiation Protocol

A

Ataxin-2 Regulates Gene Expression in N2a cells and Motor Neurons
A

Genes

B

Methods
Ataxin-2 Knockdown: siRNAs were transfected into neuroblastoma (N2a) cells
using the Invitrogen RNAiMAX transfection reagent. Cells were incubated at
37℃ for 48 hours before polysome profiling.
Polysome Profiling: Following knockdown, N2a cells were incubated with
cycloheximide (CHX) at a final concentration of 100 µg/ml for 5 minutes to halt
translation. Cells were washed 1X with DPBS containing CHX, lysed, and layered
over a 10-50% sucrose gradient and subjected to ultracentrifugation at
35,000g at 4 °C for 3 hours. Fractions were collected and monitored using UV
absorbance using a Gradient Station (BioComp). Collected RNA was then
isolated and subjected to library preparation and next-generation sequencing
on an Illumina platform.

Ataxin-2 Regulates Global Translation Rates in iPSCs and Motor Neurons
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Figure 4: Immunofluorescence images showing iPSCs stressed with 5mM NaAsO2 for 1 hour or given
no treatment. Dapi stain is shown in blue and G3BP1 is shown in green. Arrows point to stress
granules which can be seen in all NaAsO2 conditions.

SUnSET: 250,000 wild type or ATXN2 KO hiPSCs or motor neurons were seeded
onto a 12w plate and incubated for 48 hours. A modified version of the protocol
outlined by Schmidt et al., 2009, was used. Cells were either treated with
puromycin, puromycin and cycloheximide, or given no treatment (neurons were
only treated with puromycin). Cell lysates were then analyzed by western blot.

Immunofluorescence: Cells were fixed in 4% paraformaldehyde for 20 minutes
at room temperature. Samples were blocked in goat serum for 60 minutes at
room temperature. Primary antibodies were incubated at 4℃ overnight and
secondary antibodies were incubated at room temperature for 1 hour. Sample
were incubated with DAPI (1µl/ml) for 10 minutes at room temperature.

Figure 2: (A)Polyribosome profile RNAseq showing the log fold change in
gene expression between control and
knockdown lines. In blue is targets
whose expression was observed to
decrease. In red is targets whose
expression was observed to increase.
(B)Western blot showing the varying
expression of several targets identified
in A between wild type, Knockout, and
polyQ expansion knock-in isogenic
lines.

Ataxin-2 is Not Required For Stress Granule Formation in iPSCs

Western Blotting: Protein levels were quantified using the Pierce BCA protein
assay kit. Samples were loaded into a 4%-12% Bis-tris gel and transferred to a
membrane for 16 hours at 4℃. Membranes were blocked using 5% milk in TBST
for 30 minutes. Primary and secondary antibodies were incubated for 1 hour
and room temperature in blocking buffer.

Motor Neuron Differentiation: iPSCs were grown in mTesSR on Matrigel coated
plates to ~90% confluency. Cells were then switched to 0.5x N2B27 medium
with 100µM ascorbic acid and 1% pen/strep supplemented with 1µM
Dorsomorphin (D), 10µM SB431542 (SB), and 3µM CHIR99021 (CH) for 5 days to
induce dual-SMAD inhibition. For days 6-15 cells were cultured with D, SB,
1.5µM Retinoic Acid (RA), and 0.2 µM Sonic Hedgehog Agonist (SAG) to
promote MN differentiation. For days 16-17 cells were cultured with RA, SAG
and growth factors (BDNF, GDNF, CNTF) at a concentration of 2ng/ml. For days
18-22 cells were cultured with growth factors and DAPT at a concentration of
2µM to induce final neuron maturation.

Polyribosome Profile

Conclusion and Future Directions

Adjusted Puromycin Incorporation (iPSCs)

Adjusted Puromycin Incorporation (Neurons)

We have show Ataxin-2 to be a global translation regulator in both iPSCs and iPSC derived motor neurons.
Ataxin-2 regulated gene expression levels in both N2a cells and iPSC derived motor neurons.
Ataxin-2 is involved in the stress response but is not required for stress granule formation.
We plan to continue to use western blotting and qPCR to validate changes in gene expression identified from
RNA-seq as well as probe differenced caused by polyQ expansion mutations.
• We will examine expression of these targets under stress and unstressed conditions.
• We also plan to examine the mechanism of the colocalization of ataxin-2 and TDP43 in ALS models.
•
•
•
•
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