
There is a significant need for in vitro systems that more
closely mimic and model the human central and
peripheral nervous system (CNS and PNS). The
complexities of the human CNS and PNS has yet to be
completely uncovered in large part due to the difficulty
and in many cases impossibility of obtaining tissue or cell
samples. The struggles with creating such a system in
vitro is the wide range of cell types which form a
functional network that recapitulate them. A combination
of either spinal motor neurons and spinal astrocytes or
cortical neurons and cortical astrocytes has been well
established to function and grow well together, but
incorporation of microglia functionally presents new
complexities. BrainXell neurons and astrocytes from
either cortical or spinal differentiation were seeded
together in 96-well and 24-well MEA formats. Following 7
days of culture when growth supplement levels were
reduced, microglia were added to the co-culture with a
specific complement of growth factors. Cultures were
immunostained for specific markers (MAP2 – neurons,
GFAP – astrocytes, IBA1 – microglia) after 14 total days
in culture both in 2D and 3D spheroid. Both spinal and
cortical tri-cultures were functionally active on MEA
without stimulation and responsive to neuron specific
excitotoxic treatments.
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Introduction

Materials and Methods

Establishing a Neuron, Astrocyte and Microglia Tri-culture

Culture Conditions Thawed BrainXell spinal motor
neurons with spinal astrocytes or cortical glutamatergic
neurons with cortical astrocytes were seeded on 96-well
flat clear bottom and U-bottom plates, and Axion 24-well
MEA plates coated with PDL. Neurons and astrocytes
were cultured seven days with BrainXell specific growth
supplements prior to the addition of microglia. Neurons,
astrocytes and microglia were all cultured separately for
seven days with BrainXell specific growth supplements
for mono-cultures. With the addition of microglia no
BrainXell supplements were applied, but the addition of
different combinations of MEM-NEAA, CD-Lipid, M-CSF
and IL-34 were applied across a variety of experimental
paradigms. Kainic Acid (KA) was applied on day 18 in
culture from 2.5-640 µM with 2-fold serial dilutions.
Exposure time before analysis was 72 hours. MEA
cultures were taken out to 25 days in culture during
recordings.
Immunostaining Tri-culture imaging was performed
using an Agilent LionHeart FX imaging system. Images
were collected with a 10X air objective and then
subsequently processed with the same software used for
collection.
Micro-electrode Array Assay Tri-cultures were assayed
on a 24-well Axion MEA plate using the Axion Edge with
the AxIS Navigator. Collected data was then analyzed
and processed with NeuralMetricTool and AxIS Metric
Plotting Tool.
CellTiter-Glo™ 2.0 (CTG2.0) and 3D (CTG3D) Tri-
cultures treated with KA for 72 hours were assayed with
CTG2.0 in the 2D culture and CTG3D in the spheroid
culture. Plates were assayed using a Tecan Spark plate
reader and then analyzed.

Figure 5. Mono-, Co- and Tri-culture
functional activity in MEA In the
neuron + microglia culture as well as
Tri-culture, a minimum n=4 was
generated across two culture plates.
For both the “Controls” (neurons alone
and neuron + astrocyte conditions), an
n=8 was generated in order to establish
a strong positive control. In the
“Experimental conditions” (Tri-culture
and neuron + microglia) cultures were
tested for several supplement
combinations following failed MEA
results when all four microglia
supplements were present. However, in
Figure 2 it was established that any
combination of MEM-NEAA, CD-Lipid,
M-CSF and IL-34 utilizing 3 of the 4
supplements would produce a healthy
viable culture with all three sub-types.
(A) Mean Firing Rate in each condition
from day 11 to day 25, controls peaked
on day 20 or 22 and then began a
drastic decline similar to that of the
experimental conditions. (B) Total
Active electrodes showed a rise in
each condition until DIV 18 where all
conditions except neuron + astrocyte
showed steady decline until the
experiment concluded. (C) Synchrony
Index in neuron + astrocyte and tri-
culture began to present at DIV 13 and
rose steadily until DIV 22 where the tri-
culture began to drop-off while the
neuron + astrocyte remained elevated
until DIV 22 before dropping. Neuron
and neuron + microglia did not show
synchrony until DIV 18 and then began
to decrease by DIV 22.

Conclusions
 Microglia can be readily applied to a co-culture of neurons and astrocytes to establish a tri-

culture system.
 Tri-culture in both 2D as well as 3D spheroid are responsive to excitotoxic compounds (with

more variability and resiliency in 3D).
 Including microglia specific compounds (MEM-NEAA, CD-Lipid, M-CSF, and IL-34) will result in

a healthy culture, but removing MEM-NEAA results in the best MEA activity.

Figure 4. Functional Activity Tri-
cultured cortical neurons, cortical
astrocytes and microglia in either 2D or
3D spheroid were treated with a step-
wise dilution of Kainic Acid at day 18 in
culture. After 72 hours of exposure
CTG2.0 and CTG3D were used for the
respective cultures and a dose response
curve was generated for each culture.
For 2D-culture, IC50 = 83.8 ± 13.4µM
and Hill Coeff. = 2.3 ± 0.8µM. For 3D
spheroid, IC50 – 164.3 ± 42.0µM and
Hill Coeff. = 3.7 ± 1.1µM
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Figure 1. Cortical Glutamatergic Neuron, Cortical Astrocyte and Microglia Expression Markers
(A) Cortical glutamatergic neurons express markers associated with cortical glutamatergic neuron
identity, including MAP2 and FoxP2. (B) Cortical astrocytes express GFAP associated with cortical
astrocytes. (C) Microglia express both IBA1 and PU1 classifying microglia markers. All cultures were
performed on PDL-coated 96-well plates.
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Figure 3. Spheroid Tri-culture (A)
Cortical glutamatergic neurons
express markers associated with
cortical glutamatergic neuron identity,
including MAP2. (B) Cortical
astrocytes express GFAP associated
with cortical astrocytes. (C) Microglia
expression of IBA1 classifying
microglia markers. (A) Overlay of A,
B and C. Cultures were maintained
until DIV 14 prior to immunostaining
and imaging. ULA U-bottom plates
were utilized for spheroid cultures
where 1000 cells of each neurons
and astrocytes were seeded at DIV 0.
At DIV 7 microglia were added at the
same concentration of cells.
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Figure 2. Cortical and Spinal Tri-culture (A) Cortical glutamatergic neurons, cortical astrocytes
and microglia cultured together to DIV 18. (B) Spinal motor neurons, spinal astrocytes and microglia
cultured together to DIV 14. Both cultures were performed on PDL-coated 96-well plates where
neurons - MAP2, astrocytes – GFAP, microglia – IBA1.
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