
Teaching Neurons—Functional 
Programming of Human Stem-

Cell Derived Neuronal Networks 
with External Cues

Derrick Lin
Michael Vu

February 5th , 2024

1



Approvals
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Not ReversibleReplacement?



Current State of Clinical Neurorestorative 
Therapies

• Stem-cell based therapies are a promising approach to many 
neurological diseases…

Not necessarily neurorestorative! Maybe need functional cues?
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Microelectrode Arrays

1000 𝝁𝒎

400 𝝁𝒎
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Applying spike detection, we 
can generate raster plots
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Bursting in-vitro vs in-vivo…

400 𝝁𝒎

Delta waves first to appear in the brain 
~24 weeks (168 days):

Low frequency (0.3–1 Hz)

Recordings performed at ~70 DIV:

Let’s investigate frequency of bursting…
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Calculate bursting…
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Calculate bursting…
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~0.35 Hz, similar 
to fetal EEG!



Does our culture mature over time?
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𝚫𝑻 = 𝟐𝟓 ms

Stimulation Experiments

Neurons that fire together, 
wire together…

Slide adapted from Nenadic, 2023
2 weeks and 2 sessions later… 24
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Before “Training” After “Training”
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Moving Forward…
• Challenges 

maintaining human 
cultures long-term 
(>100DIV)

• Repeat experiments 
(currently n = 1)

• Explore different 
stimulation 
paradigms
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MEA imaging performed after NeuO fluorescence live stain 
showing presence of mature neurons at 80 DIV. 

400 𝝁m 400 𝝁m
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Hypothesis: repeated paired stimulation at two distinct network locations will change the 
functional connectivity of the network. This scenario mimics the network training process where 
one stimulation sequence serves as an input and the other as feedback. 

Observation 1: the spontaneous firing rate of the 
network did not substantially change upon 
“training.”

Observation 2: the spontaneous activity is 
significantly less correlated after “training,” i.e., the 
functional network is significantly pruned.

Observation 3: emergence of network regions 
whose spontaneous activities are negatively 
correlated after “training,” i.e., the emergence of 
inhibition.    

𝚫𝑻 = 𝟐𝟓 ms
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