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[Alzheimer’s disease (AD) is an inheritable brain disorder 

that gets worse over time and is the most common form of 

dementia. Both glutamatergic neurons and astrocytes 

have been implicated in AD but their roles have not been 

fully defined. The development of human induced 

pluripotent stem cells (hiPSCs) has enabled disease 

modeling with specific cell types with specific genes. In 

terms of AD several genes have been linked, however, the 

most common gene is called apolipoprotein E4 (APOE E4) 

that increases the risk of developing late-onset AD.  

However, there is more to developing AD than just having 

the genes; lifestyle and environment have been known to 

also play a role. Chronic inflammation can also contribute 

to AD development. Current established disease models 

typically involve only single cell monocultures or 

disorganized cocultures. Established in vitro cell culture 

plates struggle to accurately mimic physiologically relevant 

connectivity found in vivo and are unable to record 

phenotypic signaling activity. This is due to the plates 

lacking both microfluidic chambers while simultaneously 

housing microelectrode arrays (MEAs). In this study we 

utilize a DuaLink MEA (a 3-channel microfluidic MEA 

device from NETRI) with genetically modified astrocytes 

containing the APOE E4 gene, healthy astrocytes, and 

healthy glutamatergic neurons. The compartmentalized 

MEA device enabled cocultures of hiPSC derived healthy 

glutamatergic neurons with APOE E4 mutant astrocytes to 

synapse onto cocultures of healthy glutamatergic neurons 

with healthy cortical astrocytes. Recordings were taken 

every other day for 30 days. The cocultures with APOE E4+ 

cells received 100ng/ml of LPS and 20 ng/ml of INF-ƴ to 

induce chronic inflammation. The cocultures showed a 

robust spontaneous mean firing rate, active electrode, 

bursting frequency, network bursting, and synchrony 

index.  Immunocytochemistry confirmed the morphology 

of neurons and astrocytes. This disease modeling system 

of Dualink MEA with hiPSCs is a robust tool that enables 

noninvasive live cell monitoring for the life of the culture 

and can be used as a toxicity screen, novel drug screening 

platform, and cell-cell signaling studies.
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Materials and Methods

Immunocytochemistry

Human iPSC Induction Schedules

[Multielectrode array  On day 0: 30k glutamatergic neurons 
+ 10k control APoE/E3 astrocytes or 10k APoE4/E4 mutant 
astrocytes per 3µl  were seeded in either channel 1 (mutant) 
or channel 3 (control) Dualink MEA plates (NETRI, Lyon, 
France). Media was changed every day for 34 days. 
Recordings were taken with Axis Navigator and Maestro Edge 
(Axion Biosystems, Atlanta, GA) every other day starting day 
9. On day 31 100 ng/ml LPS and 20 ng/ml IFN-ƴ were added 
to channels 1 and 3 of 4 chips. Netri-uplink Tool (Axion 
Biosystems) was used to extract .spk files to .csv files. All 
graphs and statistical measures were calculated with 
OriginPro 2024. 

Immunocytochemistry On day 34 cells were fixed and 
stained with antibodies against MAP2 (red), GFAP (green).

Figure 1. iPSC Induction schedules. A) Glutamatergic neuron induction schedule. B) APoE3/E3 Cortical 

astrocyte induction schedule. C) APoE4 astrocytes were engineered hiPSC with crispr to knockin 

APoE4/E4 to replaces endogenous ApoE3 allele. D) Netri DualLink Mea diagram depicting the three 

chambers and two microchannels. E) Representative traces from Vehicle vs LPS/IFN treated channels  in 

heathy vs APoE4 mutant chips.

[Tri-cultures of BX-0300 GN, APoE3 Astrocytes, and APoE4 Astrocytes on MEAs:

➢ exhibit appropriate morphology for each cell type

➢ demonstrated robust spontaneous activity in both healthy and inflammatory 

culture conditions

➢ Channels with APoE4 astrocytes and healthy GN exhibited different functional 

phenotypes as compared to healthy controls: MFR and BF increased while IBI 

decreased. 

➢ Attachment issues in main channels lead to low activity in main channels: can be 

corrected with proper plate preparation

➢ Dualink’s Neobento MEA microchannels are small enough to ensure no attachment 

issues, therefore, cells showed attachment and robust activity for 33 days -34 days.

Electrophysiological Activity in Response to LPS and IFN-ƴ  

Spontaneous Electrophysiological Activity 

[Figure . Spontaneous electrophysiological activity of co-cultures. n = 5 electrodes (1 chip per group). Line graphs showing spontaneous activity 

from day 9 to day 28 of A) MFR (Hz), B) BF (Hz), C) IBI (sec), and D) BP.  

Conclusions

Figure . Electrophysiological activity in response to 48, 72, and 96 hours of 100ng/ml LPS and 20ng/ml IFN-ƴ. n = 5 electrodes (1 chip per group). Column 

graphs showing mean A) MFR (Hz), B) BF (Hz), C) IBI (sec), and D) BP before and 48, 72, and 96 hours of incubation in LPS/ IFN-ƴ treatment. 

Figure 2. Immunocytochemistry of co-cultures on MEAs. On day 34 Cells were fixed and stained 

against MAP2 (red) Neurons and GFAP (green) astrocytes MG expressed GFP (green). Channel 1 GN 

with APoE astrocytes (right), channel 2  GN with Control astrocytes
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