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IPSC models: Better Translational Drug Discovery for Neuroscience
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SynFire® Platform: Development of Phenotypic Assays for Drug Screening

> Morphology and marker expression in human iN/glia co-cultures show mature neurons
> iNs exhibit intrinsic electrophysiology properties, synaptic function, circuit & network activity
> RNA-Seq show broad representation of neuronal signaling pathways
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Phenotypic Screening: Medium to High Throughput Electrophysiology- Functional Readouts

Functional readouts of on multielectrode arrays (MEAS):
» Quantitative measurement of electrophysiological activity
» Functional integration of CNS cell types

> Flexible cell composition (different genotypes to enhance
phenotypes)
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SynFire® Technology Translates to Drug Screening

Functional readouts of on multielectrode arrays (MEAS): Consistent Network Maturation

» Low lot to lot variance **| network activity frequency
. distribution (+/- STD)
» Robust Functional readouts of key neuronal features
» Translatable Drug Effects g
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Neucyte and KIF1A.ORG Partnership

Applying the SynFire® technology for
KAND

reprogramming

-
. A

Neurons and other brain cells

Functional human neurons within 2 weeks

Mature neuronal networks within another 3 weeks

Precise reprogramming instructions = homogeneous cell populations
Robustness and low variability in assays

Scalability for high-throughput drug screening
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Application of KAND iPSC Models for Drug Screening

Axonal Outgrowth and Neurite Phenotypes
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Figure 1. Schematic of a Duolink® PLA reaction. (A) Two primary
antibodies recognize specific protein(s) of interest in the cell. The yellow
and green globules represent two epitopes of a single protein or epitopes
on two different proteins that are interacting. (B) Secondary antibodies

coupled with oligonucleotides (PLA probes) bind to the primary antibodies.

(C) When the PLA probes are in close proximity, connector oligos join the
PLA probes and become ligated. (D) The resulting closed, circular DNA
template becomes amplified by DNA polymerase. (E) Complementary
detection oligos coupled to fluorochromes hybridize to repeating
sequences in the amplicons. (F) PLA signals are detected by fluorescent
microscopy as discrete spots and provide the intracellular localization of
the protein or protein interaction.
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85.4 mm

High-throughput evaluation of axonal phenotypes due to KIF1A mutations

BDNF, NGF, NT-3 \
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anti-evaporation tracks prevent against
undesirable osmolality increases in the chambers
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Automation of Neurite Analysis to Identify KIF1A mutant phenotypes

Sample Image Nuclei Classification MAP2 Neurites KIF1A Neurite Intensity
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KIF1A Neurite Analysis for Drug Screening in Excitatory Neurons

Z' for Formula Qutput 2

Z' =

ol 0.65
b P305L
08 4+

Conclusion: Excitatory Neuron KIF1A levels in neurites relative to
soma exhibits Z’ satisfactory score for drug screening (Z’=0.65)
comparing WT to P305L.

Analysis parameters

examined include

* KIF1A neurite intensity

* KIF1A neurite
intensity/MAP2 neurite
length

* KIF1A neurite
intensity/soma intensity

* MAP2 length
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KIF1A E253K mutant neurons exhibits asynchronous Calcium signaling
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* These 2 examples have similar
Ca?* fluorescent amplitudes.

e However, in E253K, the
asynchronous Ca?* firings lead to
a much lower averaged
amplitude.



KIF1A E253K mutant neurons exhibits Hyperexcitability
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Common Mechanisms of Disease Affect AlIS

dendrite

Axon and dendrite targeting
7 (motor domain + coiled-coil|

Axon targeting kinesin:

(motor domain + coiled-coil)
Kinesin-1 (KIF5A,B,C)
Kinesin-2 (KIF3A, KIF17)
Kinesin-3 (KIF13A.B, KIF168
Kinesin-4 (KIF4A B)
Kinesin-5 (KIF11)
Kinesin-6 (KIF20A B, KIF2
Kinesin-8 (KIF18A,B)
Kinesin-10 (KIF22)
Kinesin-12 (KIF15)

Kinesin-3 (KIF1A,B8,C)

\ Kinesin-4 (KIF21A,B)

AlS - hyperexcitability

Neuron

Pathogenic Tau Impairs Axon Initial Segment
Plasticity and Excitability Homeostasis

Graphical Abstract Authors
Peter Dongmin Sohn,
Wild-type FTD Mutant Tau (V337M) Cindy Tzu-Ling Huang, Rui Yan, ...,

Ke Xu, Kenneth S. Kosik, Li Gan

Axon Initial Segment (AIS) AlS
Correspondence

lig2033@med.cornell.edu
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Frontotemporal dementia (FTD) with tau
TauL ' . MT

L -+ pathology is associated with aberrant
eas @ ﬂ hyperexcitability of neuronal networks. In

0
%ﬁ ‘%ﬂ ﬁ% ‘j@( ﬂ ﬁ!( e || human iPSC-derived neurons, Sohn et al.
demonstrates that FTD-causing tau

mutation abolishes activity-dependent

1 I
Depolarization Depolarization

plasticity of the axon initial segment and
Shortening (Plastic) Unchanged (Static) impairs homeostasis of neuronal activity
{jO: — / EZO:' ‘ ’ via impacting AIS cytoskeleton, resulting
[ l in dysregulation of neuronal network
Reduce Intrinsic Excitability Hyperexcitability function.

Maintain Activity Homeostasis
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