
Magnetically 3D bioprinted spheroids of iPSC-derived human motor neurons (iMNeurons, 
GFP expressing, green), tracheal smooth muscle (SMC, CellTracker Red), and co-culture 
of these two cell types for 5 days with media exchanges at day 1 and 4. There were 1,000 
cells per spheroid/well on a flat bottom 384-well plate. iMNeurons show initial formation of 
network indicated by the scaffold pattern within the co-culture (bottom image).
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Technology
The core technology of Greiner Bio-one’s magnetic 3D cell culture is the magnetization 
of the cells with NanoShuttleTM-PL. The cells can be aggregated with magnetic forces, 
either by levitation or bioprinting, to form structurally and biologically representative 3D 
models in-vitro. 
NanoShuttleTM-PL consist of gold, iron oxide and poly-L-Lysine and is electrostatically 
attaching to the cell membrane during an overnight static incubation. NanoShuttleTM-PL 
is biocompatible, showing no effects on metabolism, viability, proliferation and 
inflammatory stress.

Abstract
Three-dimensional (3D) neuronal cultures present an opportunity to more accurately 
model the nervous system and allow for more applicable pharmacology, toxicity, and 
developmental studies. Magnetic 3D cell culture (m3D) enables these cultures to be 
combined with somatic target cells to create functional units that can be manipulated in 
vitro. Toward this goal, we were able to successfully magnetize and create 3D cultures 
with iPSC-derived human motor neurons (iMNeuron) from BrainXell using the 
standard protocol for suspension cells combined with the neuron protocol. We also 
generated co-cultures with tracheal smooth muscle cells (SMCs) using equal numbers 
of cells of each type and equal amounts of each media. Cells magnetically levitated in a 
24 well plate displayed a normal morphology. MN cultures magnetically bioprinted into 
rings and spheroids in a 384-well plate did not show significantly significant mobility but 
did become cohesive structures. Bioprinted co-cultures with SMCs did show considerable 
movement in the first 24 hours and retained their cohesive shape in the following days. 
The numbers of MNs and SMCs and their ratio were optimized in 384-well format for both 
ring and spheroid patterns. Our results demonstrate the feasibility of this approach to 
produce three-dimensional neuronal and neuronal-smooth muscle systems with more 
physiologically relevant structures. 
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3D in a 2D workflow
• Rapid spheroid formation (<24 h)
• Easy of exchanging media
• Magnetized spheroids easy to hold down during manipulation
• Scalable, up/down, in size from 6- to 1536-well formats
• Bioprint, culture, co-culture, stain, and image spheroids in same plate
• Non-specific to any cell type
• No effect of NS or magnetic field on cell viability and function

• No interference on any endpoint (fluorescence, qRT-PCR, etc)
• No special equipment/media required.
• Magnetized spheroids can be centered in the middle of the well 
• All experimental steps of culturing, bioprinting, staining and imaging 

the 3D cell culture can be done in one plate. 
• Spheroids can also be easily captured and transferred between 

vessels using the magnetic tools such as the MagPenTM.

384-well bioprinting kit 
(#781841) and 
CELLSTAR® Cell-
Repellent 384-well 
plates (#781976 and 
#781970)

Magnetize cells with NanoshuttleTM:  
cells in suspension or attached.

Place a Cell-Repellent plate with 
cells  on magnet drive

Remove plate from magnet after  
15 min.

100 µm.

Image and/or stain spheroids 
in the same plate/well

Spheroid 
Co-Culture

3D Cell Rings Bioprinted for High-throughput & 
Time-Dependent Studies of Cell-Cell Interactions in 3D

3D Bioprinted Dots for High-throughput Spheroid Formation,
384-well Flat Bottom Plate (16 hours culture)

As
tro

cy
te

 a
nd

 B
re

as
t 

C
an

ce
r f

ro
m

 B
ra

in
 M

et
as

ta
si

s
As

tro
cy

te
 a

nd
 B

re
as

t 
C

an
ce

r f
ro

m
 L

un
g 

M
et

as
ta

si
s

Brightfield

20,000 cells40,00060,000

GFPRFP

20,00040,00060,00020,00040,00060,000

Spheroids Generated from Sigle Cell Type  & Co-Culture -
Microscopic Analysis

• Co-Cultures of bioprinted astrocytes and breast cancer cells from brain or lung 
metastatic site.

• Cancer cells localized outside, while astrocytes are mostly at the center of the spheroid. 
• All cultures magnetically positioned at the middle of flat and high-optical quality wells.

3D Co-Culture of Astrocytes and Cancer Cells Centered on a 
Flat Bottom – 384-well Plate

Microscopy was performed using Cytation™ 5 Cell Imaging Multi-Mode Reader from BioTek. Cytation 5 is a modular multi-mode microplate reader combined with automated 
digital microscopy. With special emphasis on live-cell assays, Cytation 5 features temperature control to 65 °C, CO2/O2 gas control and dual injectors for kinetic assays. 
Integrated Gen5™ Data Analysis Software controls Cytation 5. The instrument performed kinetic imaging of the 3D cell structure using brightfield and red fluorescent protein (RFP) 
imaging channels, and a 2x objective.

iPSC Motor Neuron
(iMNeuron)

Smooth Muscle
(SMC)

Magnetically 3D bioprinted rings of smooth muscle (SMC, left), iPSC-derived human motor neurons 
(iMNeuron, right), and co-culture of these two cell types (middle) on a flat bottom 384-well plate 
imaged in real-time. Mobile device-based imaging system (Greiner Bio-One n3Dock and BiO Assay, 
Apple iPod Touch) measured the natural ring contraction resulting from cell-cell interaction (image 
rate - 384 wells every 15s). Time-dependent curves of ring contraction as a function of cell number 
can be used as a biomarker to differentiate the two cell types and co-culture. iMNeuron does not 
show significant mobility (flat curves) relative to SMC or when co-cultured with SMC. Tseng et al. 
Scientific Reports 6, Article number: 30640 (2016) doi:10.1038/srep30640.


