
3D Bioprinting of Human Motor Neurons in CELLINK LAMININK

Introduction

2. Multiphoton microscopy and bright field microscopy demonstrate morphology and neural network formation

Human induced pluripotent stem cells (iPSC) derived neurons are now considered a

more relevant in vitro model system for psychiatric and neurological diseases. They

can be used for the development of physiological cell models, human disease

models, and drug library screening. Three dimensional (3D) cultures are also being

pursued as a more physiologically relevant system because they provide a

microenvironment, cell-to-cell interactions, and biological processes that better

represent in vivo conditions. Approaches to establishing 3D cultures continue to

evolve with the goal of producing the most relevant cell culture systems. Here we

investigate the feasibility of 3D bioprinting of BrainXell’s human motor neurons using

a CELLINK BIO X printer.

Viability, Morphology, and Function of BioPrinted Human iPSC-induced Neurons 

1. Human iPSC-induced Spinal Motor Neurons are viable when bioprinted in LAMININK

Methods

Conclusions

General Protocol for Neuron Production Scheme showing the general production protocol.

The time from initiation of iPSC culture until cryopreservation is 4-6 weeks. Neurons mature 1-2

weeks after plating with BrainXell maturation supplements.

Neuron Differentiation from Human iPSCs Motor neuron differentiation from

human iPSCs was based on protocols described previously (Du et al. 2015. Nat

Commun. 6:6626). Briefly, human iPSCs were treated with small molecules for one

week to induce their fate to neuroepithelial progenitors (NEPs). The NEPs were split

and treated with additional patterning molecules for another week to generate

subtype-specific neuron progenitors. These progenitors were expanded with a

combination of small molecules and frozen in cell freezing medium. To accelerate

maturation after thawing and seeding, neurons were cultured in medium

supplemented with BrainXell Seeding Supplement.
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An appropriate bioink, CELLINK LAMININK, was identified that supported healthy cell growth of motor neurons when printed in small

droplets of 15 µl with a cell concentration of 30 million cells/ml bioink. LDH assays over the first two weeks in culture show that cell health is

stable. Live/dead staining and visualization by multiphoton microscopy confirmed strong viability and cell morphology similar to that of

native motor neurons. Furthermore, motor neurons were co-cultured with astrocytes, demonstrating the potential to print multiple cell-types

of relevant interest for modelling the nervous system.

BioPrinting Neurons After thawing, iPSC-derived neurons were mixed with

CELLINK LAMININK at a high concentration (30 million cells per mL). Printing was

performed using the Bio X bioprinter with a 20G nozzle and low pressure. Cells were

printed in small droplets (15 µl) onto discs in uncoated 24-well plates. Following

printing, the LAMININK was crosslinked with 50mM CaCl2. Neurons were cultured

in medium supplemented with BrainXell Seeding Supplement for 1-4 weeks.

Viability analyzed on Day 1, Day 7 and Day 14 using Thermo Fisher viability kit (L3224).

Multiphoton microscopy showed that the cell clusters are made of loosely aggregating motor neurons with short 

extensions between cells that develop into more intricate networks by Day 7, scale bar 100μm. 

3. Cellular stress diminishes after the first 24 hrs 4. Neural function observed via spontaneous calcium influx

Co-culture of bioprinted human iPSC-derived astrocytes and motor neurons

were maintained for 4 weeks. A calcium indicator (green) was used to visualize

intracellular calcium mobilization. Green fluorescent flashes were exhibited,

consistent with neural action potentials.

Day 2 Day 7 Day 14

LDH cytotoxicity assay was performed during first two weeks in

culture. Bioprinted cells displayed the most stress within the first

24hrs after printing and cell stress declined by Day 4. Media change

performed prior to Day 7 temporarily increased stress.


