
 

Researchers develop a 'stretching rack' for
cells
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Electron micrograph of the “empty” scaffold (without hydrogel) that an
international research team used to deform individual cells. Credit: Marc
Hippler, KIT

The behavior of cells is controlled by their environment. Besides
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biological factors or chemical substances, physical forces such as
pressure or tension are also involved. Researchers from Karlsruhe
Institute of Technology (KIT) and Heidelberg University developed a
method that enables them to analyze the influence of external forces on
individual cells. Using a 3-D printing process, they produced micro-
scaffolds, each of which has four pillars on which a cell is located.
Triggered by an external signal, a hydrogel inside the scaffold swells and
pushes the pillars apart, so that the cell must "stretch." The work is part
of the "3-D Matter Made to Order" (3DMM2O) Cluster of Excellence.
The researchers report on their results in Science Advances.

Many cellular biological processes, such as wound healing or the
development of tissue, are strongly influenced by the properties of their
environment. Cells react, for example, to biological factors or chemical
substances. However, research is increasingly focusing on physical
forces acting on the cells: How exactly do the cells adapt to these forces?

Within the framework of the German-Japanese University Consortium
HeKKSaGOn and in cooperation with Australian scientists, the
3DMM2O team has taken a particularly ingenious approach to this
question. For the production of their cell "stretching racks" they used
"direct laser writing," a special 3-D printing process in which a computer-
controlled laser beam is focused into a special printer ink liquid. Its
molecules react only at the exposed areas and form a solid material
there. All other areas remain liquid and can be washed away. "This is an
established method in our Cluster of Excellence for building three-
dimensional structures—on the micrometer scale and below," explains
Marc Hippler from the KIT Institute of Applied Physics, lead author of
the publication.

In the current case, the researchers used three different printer inks: The
first ink, made of protein-repellent material, was used to form the actual
micro-scaffold. Using a second ink of protein-attracting material, they
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then produced four horizontal bars that are connected to one of the
scaffold pillars each. The cell is anchored to these four bars. The real
showstopper, however, is the third ink: The scientists used it to "print" a
mass inside the scaffold. If they then add a special liquid, the hydrogel
swells. It thus develops a force sufficient to move the pillars—and the
bars with them. This, in turn, has the effect of stretching the cell that is
fixed to the bars.

  
 

  

Light-microscopic images of stained embryonic mouse cells in their normal
(left) and stretched states (right). The red arrows indicate the forces acting on the
cells. Credit: Marc Hippler

Cells counteract deformation

The scientists of the Cluster of Excellence placed two completely
different cell types on their micro stretching rack: human bone tumor
cells and embryonic mouse cells. They found that the cells counteract the
external forces with motor proteins and thus greatly increase their tensile
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forces. When the external stretching force is removed, the cells relax and
return to their original state. "This behavior is an impressive
demonstration of the ability to adapt to a dynamic environment. If the
cells were unable to recover, they would no longer fulfill their original
function—for example wound closure," says Professor Martin
Bastmeyer from the Zoological Institute of KIT.

As the team further discovered, a protein called NM2A (non-muscle
myosin 2A) plays a decisive role in the cells' response to mechanical
stimulation: Genetically modified bone tumor cells that cannot produce
NM2A were barely able to counteract the external deformation.

Work in the cluster of excellence was carried out by Heidelberg
scientists from the field of biophysical chemistry as well as physics and
cell- and neurobiology from KIT. Members of the German-Japanese
University Consortium HeKKSaGOn include, among others, Heidelberg
University, Karlsruhe Institute of Technology and Osaka University.

  More information: Marc Hippler et al. Mechanical stimulation of
single cells by reversible host-guest interactions in 3D microscaffolds, 
Science Advances (2020). DOI: 10.1126/sciadv.abc2648
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