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Background

In Japan, various disease-specific induced pluripotent stem cells (iPSCs), especially from patients with intractable neurological
diseases, have been established and banked. However, because these patient-derived iPSCs have been studied by a limited
number of researchers and laboratories, it is necessary to expand the use of banked disease-specific iPSCs by more researchers
in the field of neurological disease research. Moreover, to investigate the pathogenic mechanisms of neurological diseases such
as Alzheimer's disease and pediatric neurodevelopmental disorders, which are considered to be caused by synaptic dysfunction,
human neurons should be as mature as animal-derived primary neurons. Although technologies for neuronal differentiation of
human iPSCs are one of the most advanced fields, present standard two-dimensional (2D) and three-dimensional (3D) culture
methods are not always enough to reproduce pathogenic conditions in human iPSC-derived neurons (iPSC-neurons),
suppressing to investigate the pathogenic mechanisms using banked disease-specific iPSCs. Therefore, to induce mature
neurons from neurological disease-specific iPSCs, a simple and robust new method is required that is faster, efficient, and more
reproducible than 2D and 3D culture methods. This study aimed to develop a simple and robust two-and-half dimensional
(2.5D) co-culture method using our originally established human-derived glial cell line to induce mature neurons from human
iPSC-derived neural progenitor cells (NPCs), to overcome the limitations of present standard 2D and 3D culture methods.

Results

1. Development of 2.5D co-culture method using hNDMPC
We first validated whether our established human-derived glial cell line could be “human derived-neuronal differentiation and
maturation promoting cells” (h(INDMPC), which can properly generate contact with human iPSC-NPCs established from human
iPSCs via embryoid body by dual-SMAD inhibition and can  a B

produce matured neurons (Figure 1A). Human iPSC-NPCs T e — T AcGFP drebrin A DAPI
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aggregate (neurosphere) was seeded onto feeder cells = @ s 4
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for 4 weeks as a 2.5D co-culture. Human iPSC-NPC-derived

neurons, which expressed the fluorescent protein AcGFP, 2.5D co-culture \
were positive for the synaptic maturation marker drebrin A Synapse
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(F1gure 1B). Therefore, we found that our estabhshe.d hgman- e
derived glial cell line could be an hNDMPC and using it as a
feeder cell led to the 2.5D co-culture method to induce mature Figure 1. Developed a 2.5-dimensional co-culture system.
neurons from a healthy control iPSC-NPC.

2. Evaluation of maturation level of human neurons derived from healthy control iPSC-NPCs using 2.5D co-
culture method with hNDMPC

To evaluate the maturation level of human iPSC-neurons derived from healthy control iPSC-NPCs using the 2.5D co-culture
method with hNDMPC, we performed electrophysiological evaluation by recording the extracellular voltage, using a multi-
electrode array (MEA). Human iPSC-neurons derived from healthy control iPSC-NPCs using the 2.5D co-culture method were
more functional than those derived from the feeder cell-free (FF) culture method. The neural activity of iPSC-neurons
decreased with the addition of the NMDA blocker AP-5, indicating that neural activity is dependent on the NMDA receptor.
Moreover, the expression level of drebrin A, as evaluated by ELISA, significantly increased using the 2.5D co-culture method
compared with the FF method. We found that healthy control iPSC-neurons induced by the 2.5D co-culture method were more
mature than those induced by the FF method.

3. Multicenter validation of 2.5D co-culture method with hANDMPC

The 2.5D co-culture method with hNDMPC is simple, easy and can induce the maturation of iPSC-neurons from healthy
control iPSC-NPCs. To validate the reproducibility of this method, a multicenter validation test comparing the 2.5D co-culture
method with the FF method was performed using the same cells and materials. Some facilities failed to continue the 4-week
culture with the FF method via cell detachment, whereas all facilities succeeded with the 2.5D co-culture method for 4 weeks.
Moreover, the population of neuronal marker ELAVL3/4-positive neurons derived from healthy control iPSC-NPCs was higher
in all facilities using the 2.5D co-culture method compared to that using the FF method. Therefore, we confirmed that the 2.5D
co-culture method with ANDMPC was simple and robust.

4. Establishment of mature neurons derived from iPSC-NPCs of a patient with autism spectrum disorder
To validate that our 2.5D co-culture method with hANDMPC is also useful for disease-specific iPSC-NPCs and can produce
mature neurons from disease-specific iPSC-NPCs, we obtained autism spectrum disorder patient-derived iPSCs from the
RIKEN BRC Cell Bank, which is considered to be caused by synaptic dysfunction. Both healthy control and patient-derived
iPSC-NPCs were successfully cultured using a 4-week 2.5D co-culture method and produced high numbers of ELAVL3/4-
positive neurons in all facilities. Moreover, expression of drebrin A was confirmed in both iPSC-NPC-derived neurons by
ELISA, indicating the significant synaptic maturation of these neurons. However, MEA showed that there was a difference
between healthy control iPSC-NPC neurons and patient-derived iPSC-NPC neurons and indicated that synaptic dysfunction
occurred in the patient-derived iPSC-NPC neurons. These results suggested that the 2.5D co-culture method with hNDMPC is
useful for culturing healthy control and patient-derived iPSC-NPCs, inducing mature neurons, and could be useful for
analyzing the pathogenic mechanisms of diseases with neural dysfunction.

The significance of the study

We developed a novel 2.5D co-culture method with hANDMPC and confirmed that it is simple, robust, and can produce mature
neurons from patient iPSC-NPCs. This new culture method is useful to investigate the pathogenic mechanisms of intractable
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neurological diseases using disease-specific iPSCs and will contribute to the development of new drugs and treatment strategies.



