
 

Midbrain organoids for automated chemical
screening and disease research
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Midbrain organoids from smNPCs in the microscope: Left: outer region of an
organoid (blue: cell nuclei; red: dopamine-producing neurons; green: neural
precursor cells). Middle: whole organoid (red: marker for young neurons). Right:
center of the organoid (blue: cell nuclei; red: young neurons; green: marker for
neuronal stem cells). Credit: MPI f. Molecular Biomedicine/ Henrik Renner, Jan
Bruder

Sometimes hundreds of thousands of potential therapeutics need to be
tested in large-scale, fully automated experiments to identify a single
effective drug. Most compounds do not work as desired, and some are
even toxic. Since the development of the induced Pluripotent Stem (iPS)
Cell technology in 2006, researchers have been able to produce stem
cells from skin biopsies and blood samples. To approach physiological
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conditions in the laboratory, many researchers use iPS cell technology to
produce three-dimensional, organ-like tissue aggregates (organoids). A
team of scientists at the Max Planck Institute for Molecular Biomedicine
in Münster has now succeeded in using human cells to produce midbrain
organoids in a fully automated process. Such organoids can be produced,
grown, and analyzed in detail within a high-throughput workflow. The
technology transfer company Max Planck Innovation has now licensed
this process to the American biotech company StemoniX, Inc.

iPS cell technology is an ideal solution for highly time-consuming and
cost-intensive therapeutics research. Induced pluripotent stem cells are
produced in the laboratory from human skin cells. Moreover, iPS cells
can multiply indefinitely in culture and can be converted to all cell types
of the body. In this way, it is possible to obtain patient-specific iPS cell
lines that can serve as disease models. This is particularly interesting for
diseases for which there are no suitable animal models, such as
Parkinson's disease.

In order to best mimic diseases in the laboratory, scientists have been
moving away from two-dimensional cultures and developing three-
dimensional systems, as these more closely reproduce the cellular
diversity, structure, and complex interactions of the organ. Organoids are
one example of such a system. "Organoids grow and mature into a tissue
aggregate from iPS cells or tissue-specific precursor cells in a self-
organizing manner, just as would happen in the human body," explains
Jan Bruder, the scientist at the Max Planck Institute for Molecular
Biomedicine and in charge of the study. "Organoids are more complex,
can more fully mimic the characteristic physiological properties of the
tissue, and thus offer several functional advantages over traditional
models."

Mid-brain organoids from small molecule neural
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precursor cells

Max Planck researchers now made significant advances in organoid
generation and analysis, which make their discoveries suitable for
implementing into large-scale research such as high throughput drug
discovery. First was devising a strategy that created mid-brain organoids
from small molecule neural precursor cells (smNPCs), which have the
ability to generate all the relevant mid-brain cells more quickly, and with
greater reproducibility, than current methods.

Of specific importance is the generation of dopamine-producing
neurons, which are precisely the nerve cells that die first in the brains of
Parkinson's patients. "Instead of growing midbrain neurons from iPS
cells over one or two months, we used smNPCs. This allowed us to
obtain dopamine-producing nerve cells within two weeks," says Henrik
Renner, lead author of the study and a Ph.D. student at the Max Planck
Institute for Molecular Biomedicine. The second advancement was
demonstrating that organoid production could be accomplished with
automated pipetting robots to produce large quantities of organoids from
the smNPCs in a reproducible manner.
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With a laboratory robot like this, large numbers of organoids can be generated in
a standardized manner. The robot enables the scientists to generate, care for and
test up to 20,000 brain organoids a day. By way of comparison: no more than a
few hundred organoids can be cared for by hand each day. These also vary
greatly and are therefore unsuitable for drug development. Credit: MPI f.
Molecular Biomedicine/ Jan Bruder

Synchronized neural activity

The results were both pleasing and promising: "The midbrain organoids
from smNPCs are not only highly homogeneous," says Henrik Renner,
"they also exhibit significant characteristics of the human midbrain and
aggregate-wide spontaneous, synchronized neural activity, similar to
developing human nerve tissue."
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The third improvement was automation of the analysis. Here, too, the
research team consistently relied on robotics. "We developed a protocol
that allowed us to examine the organoids in their entirety in an
automated manner by targeting specific proteins throughout the organoid
with antibodies and then using florescence microscopy to capture the
images," says Henrik Renner.

The advantage of this method is that individual cell subtypes can be
measured in a high-throughput compatible system in the intact organoid.
Thus, for the first time, drug effects can be assessed on a single-cell level
within a complex 3-D cell environment in a fully automated high-
throughput workflow. "The combination of production and analysis of
organoids in one and the same culture format, in which all steps are
seamlessly intertwined, is a significant step forward," emphasized
Bruder. The research was funded by an advanced grant to Hans Schöler,
as part of the ERC Horizon 2020 program.
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