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2 METHODS (CONT)
High content imaging: Images were acquired using an InCell 6000 (GE Healthcare) using a plan-apochromat 40x objective.
Nuclei were imaged utilizing the 405 nm laser. Blue fluorescent protein (BFP) and GFP were visualized using the 405nm and
488nm laser respectively.
High content image analysis:
Image quality control: only well-segmented cells were included. Apoptotic and out-of-focus cells were excluded. Cells touching
the border of the image were removed to avoid analysis of artificially cropped cells. Custom image analysis algorithms were
developed in InCell Developer (V6.3.2) software to quantify multiple phenotypic features such as neurite outgrowth, co-
localisation and cell viability
• Individual nuclei were segmented based on object segmentation with upper and lower thresholds for object intensity and

shape to remove apoptotic nuclei and debris.
• Neurites were segmented based on intensity after creating a mask to exclude the cell body from the analysis
• Cell body masked neurites were further selected for only those that expressed Ank-G, thus representing axons
• The length and area of Ank-G positive neurites classified as axons were quantified

2 METHODS (CONT)
Motor neuron differentiation: Differentiation and maturation of hiPSCs to Ank-G positive motor neurons (MNs) was performed
as described in Du et al 2015 Nat Commun 6: 6626 (Figure 1) with modifications as described below:
Motor neuron precursors (MNPs) were frozen and cultured again in expansion medium after thawing for a maximum of 2
passages. MNPs were frozen in batches, with each batch undergoing quality control testing for post thaw viability and MN
generation potential (percentage of Isl1+ cells)
Single cell MNX1+ MNs were cultured with 0.5 mM RA, 0.1 mM Pur and 0.1 mM Compound E (Calbiochem) for up to 20 days.
Media was refreshed every two days
Immunocytochemistry: hiPSC-derived neurons were fixed using methanol free 4% paraformaldehyde in PBS pH 7.4 for 10
min at room temperature. Samples were permeabilised for 10 mins with PBS containing 0.1% Triton X-100 (PBST). Cells were
washed in PBS, three times for 5 min. Cells were blocked in PBST containing 10% fetal bovine serum (FBS) for 1hr at RT. After
washing 3 x times with PBST, all primary antibodies were incubated with the cells O/N at 4oC in blocking buffer. After washing 3
x times with PBST, all secondary were incubated with the cells for 1hr at RT, washed 3 times with PBST and counterstained with
DAPI.
Lentivirus Production for reporter gene and shRNAs (In brief): Lenti-X-293T cells were plated at 4 x 106 per T75 flask.
24hrs after seeding cells were transfected with the transfer-plasmid (with GOI), packaging-plasmid (psPAX2) and envelope-
plasmid pMD2.G using Lipofectamine 3000 (Thermo-Fisher). 24 hrs post transfection, media was refreshed. 48 and 72 hrs post
transfection media was harvested and concentrated using Amicon filter tubes.
Transfection efficiency was monitored using the gWIZ-AcGFP plasmid. Virus production was monitored by using a lentiviral
construct expressing GFP.
shRNA knockdown of target gene: Plasmids encoding shRNAs were purchased from Dharmacon. Concentrated lentivirus
was produced as described above. Mature motor neurons were transduced using a fixed volume of virus. 5 days post induction
of shRNA expression and purimycin selection, cells were isolated and RNA was extracted (Rneasy, Qiagen) for RT-qPCR
analysis (Lightcycler, Roche)

1 ABSTRACT
Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that progressively and irreversibly affects motor
movement due to the death of motor neurons in the brain and spinal cord. Mutations in over 20 genes have been associated
with familial ALS with mutations in 4 genes accounting for the majority of familial cases - SOD1, FUS, TDP-43 and C9orf72.
Previously, we had optimized a robust motor neuron differentiation protocol that is amenable to high throughput screening.
Using this protocol, approximately 80-85% of the differentiated neurons express mature motor neuron markers, such as ISLET-1
and MNX1.
Here we describe the protocol for extended maturation of motor neuron cultures in order to develop the axonal initial segment as
defined by Ankyrin G staining. Furthermore, we developed and optimized a reporter gene, co-expressing TAU and NavII-III
(Grubb et al 2010 Nature 465, 1070–1074) or shRNAs for visualization of specific neuronal structures or target gene knockdown
respectively.
In combination with a high content based assay, we are able to specifically and accurately quantify neuritic damage of Ank-G
positive neurites.

3 RESULTS Va l i d a t i o n  o f  r e p o r t e r  g e n e  l o c a l i z a t i o n

Figure 3: shRNA knockdown of target gene
Target gene knockdown quantified using the 𝟐𝟐𝟐𝟐^(−∆∆𝑪𝑪𝑪𝑪𝒕𝒕𝒕𝒕)
relative quantification method. Two out five shRNAs were able
to reduce target gene expression by greater than 90% in two
independent experiments relative to an untransduced control

2 METHODS
hiPSCs: hiPSCs lines derived from healthy subjects (https://commonfund.nih.gov/stemcells/lines) were procured from the
Regenerative Medicine Program. All cells were tested for viability, sterility, cell line identity, karyology and expression of
pluripotency markers prior to the creation of master and working cell banks.
hiPSCs were cultured on matrigel as described by StemCell Technologies (Maintenance of Human Pluripotent Stem Cells in
mTeSRTM1 manual) using mTeSR1 as the cell culture media and gentle dissociation agent for passaging. If spontaneous
differentiation was observed, ReLeaSer (StemCell Technologies) was used to maintain an undifferentiated culture.

4 Discussion

H i g h  c o n t e n t  a s s a y  f o r  a x o n a l  d e g e n e r a t i o n

Figure 4: Quantification of axonal degeneration
A) Representative analysis of high content images. Neuritic structures expressing TAU-BFP (i) were
segmented (ii) and subsequently filtered to remove the soma and a sub-population selected to
quantify only neurites that express Ank-G
B) Representative images of DMSO treated (Control) and neurons treated with inducers of axonal
degeneration. Mature motor neurons were treated to a 10 point concentration response curve of
either DMSO or a known inducer of axonal degeneration

• Extended differentiation of motor neurons results in the formation of Ank-G positive axons
• Reporter genes expressing TAU and NavII-III can reliably label neuritic and AIS structures
• Motor neurons can be efficiently transduced with lentiviral shRNAs resulting in efficient target gene knockdown
• Developed a high content assay to reliably and sensitively quantify axonal degeneration in a sub-population of mature motor

neurons cultures

B

Overlay of nuclei, Ank-G and Tau

Figure 1: Development of Ank-G positive axons in mature motor neuron cultures.
Motor neuron precursors (MNPs) differentiated for a total of 27 days were able to develop Ank-G positive axons. White arrow
indicate a subset of TAU neurites expressing Ank-G. Sparse Ank-G staining was observed prior to day 27 of differentiation
Antibody against TAU (Synaptic Systems) was visualized using FITC secondary antibody (ThermoFisher) with the 488nM
laser
Antibody against Ankyrin-G (Invitrogen) was visualized using the Cy5 secondary antibody (ThermoFisher) with the 647nm
laser. Nuclei were visualized using Hoechst 33342

Va l i d a t i o n  o f  A n k - G  e x p r e s s i o n Va l i d a t i o n  o f  t a r g e t  g e n e  
k n o c k d o w n

Figure 2: Co-localization of reporter genes with endogenous structures
A) An in-house assay plasmid co-expressing TAU-BFP and Naii-iii-GFP separated by a T2A self

cleaving peptide was expressed from a inducible TET-ON plasmid (Clontech) to avoid
prolonged expression of either protein

B) Percentage of Naii-iii-GFP and Ank-G co-localization was quantified by comparing the number
of NavII-iii-GFP structures with the number of NavII-iii-GFP/Endo Ank-G overlapping
structures. Percentage of Tau-BFP and Endo Tau co-localization was quantified by comparing
the mean area of Tau-BFP structures with the mean area of Tau-BFP/Endo Tau overlapping
structures
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