
 

Toxicity testing on the placenta and embryo
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The chip hosting embryonic tissue in suspended drops of culture medium (in
green), viewed from below. Placental cells are cultivated in the light blue area in
the centre of the photograph. Credit: ETH Zurich / Julia Boos

Researchers at ETH Zurich have developed a cell culture test to detect
substances that are directly or indirectly harmful to embryos. Based on
an existing test used for developing new drugs and chemicals, the
augmented version is designed to help reduce the number of animal
experiments.

Drugs must be safe not just for the patients; in the case of pregnant
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patients, drugs must also be safe for the unborn children still in the
womb. Therefore, at an early stage in the development of new
medicines, candidate substances are tested in the Petri dish on
embryonic stem cells from mouse cell lines. This is to avoid that an
embryo-damaging effect would only be noticed at a later stage during
tests with pregnant mice.

However, these cell culture tests are a highly simplified version of what
takes place in the uterus. Researchers just add the test material to a
culture of embryonic stem cells in a Petri dish, and can identify
substances that have a direct adverse effect on embryonic cells. By
contrast, in the body of a pregnant woman, active pharmaceutical
ingredients may be modified by the mother's metabolism and enter the
embryo's bloodstream via the placenta. Moreover, standard cell culture
tests can't detect substances that have indirect effects on the embryo, for
example, in that they interfere with the functioning of the placenta or
generate stress responses.

A chip with different cell types

Researchers in the Department of Biosystems Science and Engineering
at ETH Zurich in Basel have now devised a laboratory test that
incorporates the role of the placenta into embryotoxicity assessments. To
do so, Julia Boos, a doctoral student in the group of ETH Professor
Andreas Hierlemann, and her colleagues developed a new chip. This
chip contains several compartments, all interconnected by miniature
channels. On this chip, the scientists combined human placental cells
taken from cell lines with microtissue spheroids derived from mouse
embryonic stem cell lines, known as "embryoid bodies," which reflect
the early development of the embryo. Test substances first encounter a
layer of placental cells, which they have to pass before reaching the
embryonic cells, thereby reproducing the situation in utero.
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Incidentally, these experiments do not produce viable embryos. The
embryonic cells from cell lines only undergo the very first steps of
embryonal development over a period of ten days.

Test detects indirect damage

To demonstrate the functioning of the new test, the researchers used
microparticles that did not harm the embryoid bodies if they came into
direct contact. With the new test, which also includes placental cells,
however, the scientists observed a potential indirect adverse effect.
Although the placental cells managed to hold the microparticles back,
meaning the particles did not get through to the embryonic cells, the
placental cells showed a detectable stress response.

Now the researchers would like to further develop their system with
regard to more suitable plastic materials. It is also conceivable to use
human stem cell lines, instead of mouse cells, to form embryoid bodies
in the future. "There are significant differences between lab animals and
humans, particularly in terms of embryonic development and the
processes taking place in the placenta," Boos says, continuing: "Of all the
organs, the placenta is where differences between the species are most
pronounced."

The group aims at creating a new test that is also easy to use for the
pharmaceutical industry. Being able to detect—and
eliminate—substances that are harmful to the embryo at an early stage of
drug development means that fewer substances will subsequently be
tested on animals in in-vivo studies.

  More information: Julia A. Boos et al, Microfluidic Co‐Culture
Platform to Recapitulate the Maternal–Placental–Embryonic Axis, 
Advanced Biology (2021). DOI: 10.1002/adbi.202100609
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