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Recently, Johansson and colleagues published an article
about the mechanisms causing female reproductive disorders
with a special focus on the ovaries (Johansson et al. 2020).
Disturbed ovarian development is referred to as the ovarian
dysgenesis syndrome (Buck Louis et al. 2011; Johansson
et al. 2017) and a discussion is ongoing if and to which
degree environmental factors may contribute (Fowler et al.
2012; Hunt et al. 2016; Johansson et al. 2017). In the present
study, the authors established several adverse outcome path-
ways (AOPs) using the AOP standard terminology (Leist
et al. 2017; Vinken et al. 2017). According to Johansson
et al., the most relevant AOPs are (1) aromatase (Cyp19al)
reduction, (2) disrupted meiosis, (3) ectopic estradiol or
AHR activation, (4) disrupted folliculogenesis and (5) dis-
rupted follicle maturation. The practical relevance is that key
events of these AOPs can be tested in cell culture, thereby
linking an adverse outcome in humans to in vitro testable
readouts.

In recent years, stem cell-based tests have been estab-
lished where precursor cells are exposed to test compounds
during the differentiation period (Krug et al. 2013; Wald-
mann et al. 2014; 2017; Zimmer et al. 2014). Based on
in vitro gene expression data, it was possible to identify
developmental toxicants and to differentiate them from
negative control compounds (Balmer et al. 2014; Weng et al.
2014; Shinde et al. 2015; 2016, 2017). However, in vitro
systems of the ovary that reliably represent the human situ-
ation still remain to be established and validated. A further
challenge to be addressed is scaling, i.e., to identify if—and
if yes by which factor—higher concentrations have to be
used in vitro compared to the plasma peak concentrations
in vivo (Albrecht et al., 2019; Godoy et al., 2013). Although
the recently published AOPs of Johansson and colleagues
(2020) are an important step towards a more systematic
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analysis of female reproductive disorders, there is still a
long way to go until cause—effect relationships between
chemical exposure and reproductive disorders can be reli-
ably established.
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