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LETTER TO THE EDITOR

Studying nanoparticle interaction with human placenta: Festina lente!

Liudmila Nikitina, Gottfried Dohr, and Herbert Juch

Institute of Cell Biology, Histology and Embryology, Medical University of Graz, Graz, Austria

The currently increasing awareness of an alarming lack of specific
knowledge on developmental nanotoxicity significantly adds to
the anyway growing anxiety about possible adverse health effects
of nanomaterials. Therefore, any studies addressing nanomaterial
interference with human placenta are indeed much-needed. The
lessons learned about size and structure, as well as surface
dependency of beneficial and toxic effects in the nano world so far
(Maynard et al., 2011) suggest a nearly unlimited variability of
nanomaterials with remarkably different biokinetics. This diver-
sity has obviously been encouraging researchers to seek for high
throughput nanotoxicology testing to accelerate doubtlessly
overdue data collection.

Correia Carreira et al. (2015) and Poulsen et al. (2015)
considered a BeWo cell monolayer-based model as a suitable in-
vitro approach for the testing of nanoparticle (NP) transport and
toxicity at the ‘‘human placental barrier’’. However, the placental
barrier is known as a structural and physiological phenomenon
significantly changing during pregnancy. Notably in early
gestation the human placental barrier consists of two functionally
interrelated trophoblast cell layers separated from fetal endothe-
lial cells by specific extracellular matrix components, e.g. a basal
membrane. The thickness of the trophoblast barrier decreases
during gestation comprising of the syncytium and some
discontinuously distributed cytotrophoblast cells underneath in
third trimester (Huppertz, 2011). Considering the unique
physiology of the placental syncytium (Huppertz & Gauster,
2011) and the structural complexity of the placental barrier
in vivo, it appears difficult to decide which stage of pregnancy a
monolayer of BeWo cells exactly represents, if any. The relevance
of the developmental changes of the barrier for NP biokinetics is
exemplified by a prominent difference in immunoglobulin
(�10 nm particles) distribution at the feto–maternal interface
between early gestation and term (Palmeira et al., 2012).
Consequently, studies employing the sophisticated term placenta
perfusion model (e.g. Poulsen et al., 2015), but even more studies
using only a single monolayer of choriocarcinoma cells like
BeWo on a crude collagen matrix (e.g. Correia Carreira et al.,
2015 or Ali et al., 2013), do not explain much about nano
biokinetics in early human gestation (Juch et al., 2013).
Especially, the critical period of organogenesis, when severe
malformations can be induced, is not represented by such
experiments, an essential teratologic issue worth mentioning in
the discussions.

Furthermore, being originated from malignant invasive tumor
cells, the similarity of BeWo to primary trophoblasts was shown
to be significantly limited (Bilban et al., 2010). Thus, it has been
regarded mandatory for each investigated pathway in BeWo cells
to confirm the results in primary trophoblast cells and tissues (e.g.
Knöfler et al., 1998; Orendi et al., 2011). Since the mechanisms of
NP transport and toxicity particularly in the syncytium of human
placenta are largely unknown, it is yet unclear and questionable if
BeWo cells can serve as a physiologically plausible model in this
context.

Another major concern when comparing the in-vitro BeWo
model to a perfused placental cotyledon (Poulsen et al., 2015) is
the potential sedimentation of NPs. For NPs with higher density
than the culture medium (e.g. iron or gold containing materials), a
considerable concentration gradient (Teeguarden et al. 2007)
towards the BeWo-layer due to gravitation could obscure dose
dependency assumptions of permeability. In a permanently
perfused cotyledon with a pulsative administration of NPs, such
gravitation phenomena would not drive the uptake at the
syncytium. From this perspective, similarity in permeability
between the perfusion model and the BeWo model for a certain
NP might indicate a much higher uptake and transport activity in
the syncytium compared to the BeWo cells. It seems necessary,
though, to carefully monitor the influence of such NP typical
phenomena on transport efficacy when comparing these placenta
models.

Easy to handle ‘‘high throughput’’ in-vitro models are
understandably attractive, suggesting rapid progress in this huge
new field of nano biokinetics at the feto–maternal interface.
Nevertheless, it might be beneficial, according to the old motto
‘‘festina lente’’ (make haste slowly), not to oversimplify the
complex phenomenon ‘‘placental barrier’’ but to focus more
intensively on the laborious and time consuming, but closer to
placenta physiology, ‘‘gold standard’’ models like placenta
perfusion (Wick et al., 2010), placental explant culture (Miller
et al., 2005) or primary cell culture, at least until the mechanisms
of nanotransport and nanotoxicity in human placenta are
sufficiently understood and the similarity to, e.g. BeWo cells is
confirmed.
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