Patterns in primordial germ cell migration
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biochemical guidance cue. The team developed
new software that makes it possible to merge threedimensional microscopic images of multiple
embryos in order to recognize patterns in the
distribution of cells and thus highlight tissues that
influence cell migration. With the help of the
software, researchers determined domains that the
cells either avoided, to which they responded by
clustering, or in which they maintained their normal
distribution. In this way, they identified a physical
barrier at the border of the organism's future
backbone where the cells changed their path. "We
Spatial and temporal distribution of primordial germ cells expect that our experimental approach and the
(stained in red) in zebrafish embryos. Normally, with the newly developed tools will be of great benefit in
help of an attractant produced in the environment, the
research on developmental biology, cell biology
cells migrate in a targeted and coordinated manner
and biomedicine," explains Prof Dr. Erez Raz, a cell
through the developing embryo and reach the regions
biologist and project director at the Center for
where the sex organs are formed (left). In the absence of
Molecular Biology of Inflammation at Münster
the attractant receptor, the cells distribute differently
University. The study has been published in the
(right). Looking at just one zebrafish, as here, there
journal Science Advances.
seems to be no pattern in this. Credit: Gross-Thebing,
Truszkowski, Tenbrinck et al. Sci Adv 2020;6:
eabc5546/CC BY-NC

Details on methods and results

For their investigations, the researchers made use
of primordial germ cells in zebrafish embryos.
Primordial germ cells are the precursors of sperm
Whenever an organism develops and forms
organs, a tumor creates metastases or the immune and egg cells and, during the development of many
organisms, they migrate to the place where the
system becomes active in inflammation, cells
reproductive organs form. Normally, these cells are
migrate within the body. As they do, they interact
guided by chemokines—i.e. attractants produced by
with surrounding tissues which influence their
surrounding cells that initiate signaling pathways by
function. The migrating cells react to biochemical
signals, as well as to biophysical properties of their binding to receptors on the primordial germ cells.
environment, for example whether a tissue is soft By genetically modifying the cells, the scientists
deactivated the chemokine receptor Cxcr4b so that
or stiff. Gaining detailed knowledge about such
the cells remained motile but no longer migrated in
processes provides scientists with a basis for
understanding medical conditions and developing a directional manner. "Our idea was that the
distribution of the cells within the organism—when
treatment approaches.
not being controlled by guidance cues—can provide
clues as to which tissues influence cell migration,
A team of biologists and mathematicians at the
and then we can analyze the properties of these
Universities of Münster and Erlangen-Nürnberg
tissues," explains Lukasz Truszkowski, one of the
has now developed a new method for analyzing
three lead authors of the study.
cell migration processes in living organisms. The
researchers investigated how primordial germ cells
"To obtain statistically significant data on the spatial
whose mode of locomotion is similar to other
migrating cell types, including cancer cells, behave distribution of the migrating cells, we needed to
study several hundred zebrafish embryos, because
in zebrafish embryos when deprived of their
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at the developmental stage at which the cells are
actively migrating, a single embryo has only around
20 primordial germ cells," says Sargon GroßThebing, also a first author and, like his colleague,
a Ph.D. student in the graduate program of the
Cells in Motion Interfaculty Centre at the University
of Münster. In order to digitally merge the threedimensional data of multiple embryos, the biology
researchers joined forces with a team led by the
mathematician Prof Dr. Martin Burger, who was
also conducting research at the University of
Münster at that time and is now continuing the
collaboration from the University of ErlangenNürnberg. The team developed a new software tool
that pools the data automatically and recognizes
patterns in the distribution of primordial germ cells.
The challenge was to account for the varying sizes
and shapes of the individual zebrafish embryos and
their precise three-dimensional orientation in the
microscope images.
Using newly developed software, researchers digitally
The software named "Landscape" aligns the
merged microscopic images of hundreds of zebrafish
images captured from all the embryos with each
embryos. This enabled them to identify patterns in how
other. "Based on a segmentation of the cell nuclei,
primordial germ cells behave in the absence of the
we can estimate the shape of the embryos and
attractant receptor Cxr4b. They found that tissue along
correct for their size. Afterwards, we adjust the
the longitudinal axis of the embryos acts as a physical
orientation of the organisms", says mathematician barrier, influencing the direction of cell movement and
Dr. Daniel Tenbrinck, the third lead author of the
hindering the cells from migrating through the tissue.
Credit: Gross-Thebing, Truszkowski, Tenbrinck et al. Sci
study. In doing so, a tissue in the midline of the
embryos serves as a reference structure which is Adv 2020;6: eabc5546/CC BY-NC
marked by a tissue-specific expression of the socalled green fluorescent protein (GFP). In technical
jargon the whole process is called image
registration. The scientists verified the reliability of Using the new method, the researchers analyzed
their algorithms by capturing several images of the the distribution of 21,000 primordial germ cells in
900 zebrafish embryos. As expected, the cells
same embryo, manipulating them with respect to
size and image orientation, and testing the ability of lacking a chemokine receptor were distributed in a
pattern that differs from that observed in normal
the software to correct for the manipulations. To
evaluate the ability of the software to recognize cell- embryos. However, the cells were distributed in a
distinct pattern that could not be recognized by
accumulation patterns, they used microscopic
images of normally developing embryos, in which monitoring single embryos. For example, in the
the migrating cells accumulate at a known specific midline of the embryo, the cells were absent. The
researchers investigated that region more closely
location in the embryo. The researchers also
and found it to function as a physical barrier for the
demonstrated that the software can be applied to
embryos of another experimental model, embryos cells. When the cells came in contact with this
of the fruit fly Drosophila, which have a shape that border, they changed the distribution of actin
protein within them, which in turn led to a change of
is different from that of zebrafish embryos.
cell migration direction and movement away from
the barrier. A deeper understanding of how cells
respond to physical barriers may be relevant in

2/3

metastatic cancer cells that invade neighboring
tissues and where this process may be disrupted.
More information: Sargon Gross-Thebing et al,
Using migrating cells as probes to illuminate
features in live embryonic tissues, Science
Advances (2020). DOI: 10.1126/sciadv.abc5546
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