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Human in vitro triculture neural and neural inflammatory model on a chip: Human iPSC derived glutamatergic neurons, cortical astrocytes, and microglia show robust spontaneous
and LPS or IFN-y stimulated activity on microelectrode arrays for 30 days.
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Glutamatergic neurons, astrocytes, and microglia are involved in many
neurodegenerative and non-neurodegenerative conditions including
Alzheimer’s disease (AD), Parkinson’s disease (PD), amyotrophic lateral
sclerosis (ALS), epilepsy, schizophrenia, anxiety, and pain. However, their roles
in these disorders have not been fully elucidated. Current preclinical
screening platforms, although informative, are insufficient in that non-human
primary models exhibit differences in key genomic and proteomic abundance
and expression levels when compared to human counterparts. Immortalized
cell lines become senescent and inadequate in expressing complex
pathological pathways. The availability and viability of human cadaver tissue
is limited. However, human induced pluripotent stem cells (hiPSCs) enable
personalized medicine while also offering a more relevant and scalable
screening assay. hiPSCs can be integrated into high-throughput mono-, co-,
and tri-culture HTS screening platforms for novel drug discovery and
development as well as molecular cell signaling studies. Here, we have
developed a tri-culture screening platform on Cytoview MEAs (Axion
Biosystem) with our iPSC-derived cortical glutamatergic neurons (GN) BX-
0300, cortical astrocytes (CA) BX-0600, and microglia (MG) BX-0900 in two
different medium recipes. GN and CA were cultured simultaneously over the
electrode area as a co-culture and maintained for eight days. MG were
seeded, on the eighth day directly over the co-cultures of GN and CA.
Recordings were taken every other day for 30 days, and the neurons
exhibited a robust mean firing rate (MFR), active electrode yield (AEY), Mean
inter-spike interval within network bursts (ISINB), and inter-bust interval (IBI).
Starting on Day 28, tricultures were incubated in lipopolysaccharide (LPS) and
interferon-gamma (IFN-y) for 40 hours. MEA recordings showed an increase
in neural activity in response to LPS and IFN-y. We then used a Lumit
Immunoassay on the media from the MEA plate to show cytokine levels in
response to LPS IFN-y. Immunocytochemistry confirmed morphology of GN,
CA, and MG of both the neural and neural inflammatory tri-culture models on
the MEAs. This tri-culture model is a powerful tool that could be used to
investigate neural responses to novel therapeutic compounds, molecular
mechanisms involved in cell-cell signaling, neurodegenerative diseases, and
non-neurodegenerative disorders.

Multielectrode array On day 0: 80k Neurons and 20k astrocytes per 40 ul were seeded
directly over electrodes in two different media compositions in Cytoview MEA plates
(Axion Biosystems, Atlanta, GA). Day 7 media was changed to 50% co-culture media with
50% tr-culture media. On D8 all media was removed, and 15k GFP expressing MG per 20 ul
were seeded directly over co-cultures in 100% tri-culture media. Recordings were taken
with Axis Navigator and Maestro Edge (Axion Biosystems, Atlanta, GA) every other day
starting day 9. On day 28 100 ng/ml LPS and 20 ng/ml IFN-y were added to 3 wells (48
electrodes) per group. Neural Metric Tool (Axion Biosystems) was used to extract .spk files
to .csv files. All graphs and statistical measures were calculated with OriginPro 2024. M1
contained neurobasal media as base while M2 contained DMEM/f12 and neurobasal
media as base. Both M1 and M2 contained growth factors and MG media components

Immunocytochemistry On day 30 cells were fixed and stained with antibodies against

MAP2 (red), GFAP (white), and Hoechst (blue).

Lumit IL-6 and TNF-a Immunoassay Kit On day 28, 100 ng/ml LPS and 20 ng/ml IFN-y
were added to wells and incubated for 40 hours. Media was collected and the luminescent
signal was read by Spark (Tecan) to quantify the release of IL-6 and TNF-a in pg/ml.

Day 10 ' Day 17 Day 30
Figure 2. GFP expressing MG morphology and density from day10 to 30.

M2 conditions showed a 51% increase in MG cell density from day 17 to
day 30. M1 conditions showed no change in MG cell density.
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Figure 1. iPSC Induction schedules . A) GFP-expressing MG induction
schedule B) Glutamatergic neuron induction schedule. C) Cortical astrocyte
induction schedule.
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Figure 4. Spontaneous electrophysiological activity of tri-cultures in two different
media compositions. n = 192 electrodes (12 wells per group). A) Mean Firing rate
(Hz) and active electrode vyield (%) show increase until steady baseline starting at
day 24. B) Mean inter-spike interval in network bursts decreased while network
burst percentage increased indicating the burst intensity increased as the cultures
matured.
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Figure 3. Immunocytochemistry of tri-cultures on MEAs. Four culture conditions, M1 and M2 with and without LPS/IFN-y treatment were fixed and
stained on day 30. A & B) Cells were stained against MAP2 (red) Neurons, GFAP (white) astrocytes, and Hoechst (Blue), all cells. MG expressed GFP
(green). A) ICC of wells that did not receive treatment. B) ICC of wells that received 100 ng/ml LPS and 20 ng/ml IFN-y for 40 hours.
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Figure 5. Electrophysiological activity in response to 40 hours of 100ng/ml LPS and 20ng/ml
IFN-y. n = 96 electrodes (6 wells per group). A) Box plots showing mean ISl in network bursts
and MFR (Hz) before and after LPS/ IFN-y in both culture conditions, M1 or M2. B)
Representative raster plots from a well with M1 media (top) and a well with M2 media
(bottom) showing activity before (left) and after (right) LPS/IFN-y. Y-axis are 16 electrodes,
x-axis is time, 0 - 900 seconds. C) Column graphs of IBI (sec) in response to LPS/IFN-y.
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Tri-cultures of BX-0300 GN, BX-0600 CA, and BX-0900 MG on MEAs:
» are assay ready by day 24-26.

» Can be sustained for at least 30 days
» exhibit appropriate morphology for each cell type
>

demonstrated robust spontaneous activity in both healthy and inflammatory culture
conditions

A\

are responsive to inflammatory conditions

A\

GFP expressing MG can be monitored for the life of the culture

» M1 culture conditions gave rise to a more stable culture, however, MG should be
seeded at a higher density in M1

» M2 gave rise to proliferative MG and therefore a bigger response to inflammation
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