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iPSC models: Better Translational Drug Discovery for Neuroscience

Glutamatergic 

neurons

GABAergic 

neurons

Motor 

neurons
Dopaminergic 

neurons

Microglia  

Astrocytes

hiPSCs

Patient

Reprogram

Differentiate

CONFIDENTIAL

Phenotypic Screen

▪ Drug Discovery

Induced Neurons

▪ Cell and Non-cell 

autonomous phenotypes 

Induced Pluripotent Stem Cells

▪ Genetics

Patient Samples

▪ Disease

Strategy

3D Brain Organoids

3D Brain Assembloids

2D “Brain in a Dish” High Content Assays

Cell-type specific 

phenotypes



SynFire® Platform: Development of Phenotypic Assays for Drug Screening

Synapsin 1/MAP2 TUJ-1/Dapi

➢ 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

3



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)

Phenotypic Screening: Medium to High Throughput Electrophysiology- Functional Readouts 
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Functional readouts of on multielectrode arrays (MEAs):

➢ Low lot to lot variance

➢ Robust Functional readouts of key neuronal features

➢ Translatable Drug Effects

SynFire® Technology Translates to Drug Screening
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Neucyte and KIF1A.ORG Partnership
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Applying the SynFire® technology for 
KAND

Neurons and other brain cells
iPSCs

reprogramming

 ̴ 2 weeks

reprogramming

✓ 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

 ̴ 2-3 weeks

E253K

P305L

WT



Application of KAND iPSC Models for Drug Screening 
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• Axonal signaling
• Somatodendritic

to Axon initial 
segment 
analysis

• InCucyte spine 
analysis 

• KIF1A:tubulin
• Tau:Tubulin
• Cofilin:Tau

RNAseq

RNA-seq for Novel Pathway 
and Drug Target Discovery

Axonal Outgrowth and Neurite Phenotypes

Novel tau-mediated toxicity

Neuronal Hyperexcitability
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control E253K P305L

P < 0.001
Z-factor = 0.816

P < 0.001
Z-factor = 0.887

*p<0.03
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Neuronal Hyperexcitability is a salient feature of KIF1A mutations



High-throughput evaluation of axonal phenotypes due to KIF1A mutations
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Impaired BDNF-mediated axonal outgrowth due to KIF1A P305L

*p<0.03
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Automation of Neurite Analysis to Identify KIF1A mutant phenotypes

10

Sample Image Nuclei Classification MAP2 Neurites KIF1A Neurite Intensity



KIF1A Neurite Analysis for Drug Screening in Excitatory Neurons
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Analysis parameters 
examined include
• KIF1A neurite intensity
• KIF1A neurite 

intensity/MAP2 neurite 
length

• KIF1A neurite 
intensity/soma intensity

• MAP2 length

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

WT

P305L



• These 2 examples have similar 
Ca2+ fluorescent amplitudes.

• However, in E253K, the 
asynchronous Ca2+ firings lead to 
a much lower averaged 
amplitude. 

KIF1A E253K mutant neurons exhibits asynchronous Calcium signaling
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KIF1A E253K mutant neurons exhibits Hyperexcitability

Confidential

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

0 15 30 45 60 75 90

Time (min)

Normalized
Network Burst 
Freq (Hz)

0

2

4

6

control E253K P305L

P < 0.001
Z-factor = 0.816

P < 0.001
Z-factor = 0.887



Common Mechanisms of Disease Affect AIS

AIS hyperexcitability


