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This editorial discusses the value of various approaches and models to study asthma, and the need for
an open-minded dialogue between basic, translational and clinical scientists to discuss potential
discrepancies between findings in the various models. http:/bit.ly/2m5Zv]o
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Our increased understanding of airway inflammation in asthma has resulted in major breakthroughs in
the treatment of patients. Following the introduction of anti-inflammatory inhaled corticosteroids in the
1970s, the introduction of biologicals that selectively neutralise the activity of, for example, IgE and
interleukin-5, has been a major development in targeting inflammation in subgroups of patients with
severe asthma [1]. The development of these biologicals required identification of targets for therapy and
proof of concept intervention studies to establish the validity of these targets. This was the result of the
combined power of clinical research in patients with asthma, as well as experimental studies using in vivo
and in vitro models of the disease.

The validity of such in vivo and in vitro human disease models is essential, since mice and cell cultures do
not tend to develop asthma. The debate on the predictive value of animal models of asthma for
understanding human asthma (referred to as “the mouse trap” [2, 3]), was also spurred by increasing
societal concern about the use of animals in medical research. Limitations of in vitro models are also
evident, and include the selection of the right cell type(s), the influence of culture medium, matrix
composition and stiffness, as well as the role of the microenvironment on the cellular response to stimuli [4].
Needless to say that results from such in vitro studies require verification in “real world” samples from
patients: in vivo verification of in vitro results.

In his challenging perspective in this issue of the European Respiratory Journal [5], Carl Persson argues
that findings from in vivo observations in asthma are often overlooked, because of the dominance of in
vitro pathogenetic research based on cell culture, studies of isolated cell populations and molecular biology
approaches. Without any doubt, the title of his perspective (“In vivo observations provide insight into roles
of eosinophils and epithelial cells in asthma”) is absolutely correct. PErsson [5] uses various examples to
argue that multiple concepts in asthma pathogenesis have been established, without paying attention to
what actually can be observed in vivo. He specifically focuses on observations in patients and studies in
guinea pigs providing evidence for plasma exudation into the airways, eosinophil cytolysis and epithelial
cell loss.
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PerssoN [5] argues that plasma-derived rather than epithelial-derived molecules may be essential for
providing defence and repair molecules to the epithelial surface of the lung in health and asthma. The
work of C. Persson and his co-workers in Lund in Sweden has indeed provided evidence that plasma
exudation may be a non-injurious physiological process that provides protection of epithelial surfaces [6].
However, the epithelium also produces a range of growth factors and host defence mediators that in part
differ from those present in plasma [7]. Therefore, it appears more likely that plasma- and epithelial
cell-derived mediators act in concert to provide protection and repair responses, rather than the
epithelium being exclusively dependent on factors derived from plasma. The ability of cultured airway
epithelial cells to kill respiratory pathogens and to repair upon injury is testimony to their ability to exert
these functions irrespective of the presence of plasma components, but does not provide evidence of their
relative importance. It will therefore be interesting to study the composition of the mucosal lining for
the relative abundance of, for example, plasma-derived antimicrobial peptides and those produced by the
airway epithelium. This is feasible, because of the cell type specific spectrum of peptides produced [8], but
may also be challenging because of the lack of high-quality reagents to adequately assess local levels of
peptides and the difficulty in obtaining native mucosal secretions.

How about resolution of eosinophilic inflammation and elimination of eosinophils? Is eosinophil apoptosis
indeed a major mechanism of regulated cell death that mediates resolution of inflammation in asthma?
Various forms of regulated cell death have been identified in the lung (and other organs), including not
only apoptosis, but also necroptosis, pyroptosis and autophagy (recently reviewed by SauLer et al. [9]).
PerssoN [5] argues that there is no in vivo evidence for eosinophil apoptosis in airway tissues, whereas
there is evidence for cytolysis. In vitro studies have clearly provided evidence for apoptosis of eosinophils
and supported the role of this process in asthma pathogenesis [10, 11]. However, biopsy studies show
variable data with regard to increased eosinophil apoptosis in asthma. Unfortunately, biopsies only provide
a snapshot of a chronic process and apoptotic cells are rapidly cleared by macrophages, whereas
non-phagocytosed apoptotic cells may undergo secondary necrosis. Nevertheless, the critical remarks of
Persson and co-workers are supported by their detailed analysis of the various modes of eosinophil death
in airway tissues [12], stressing the importance of more closely linking in vitro models to (replicated) in
vivo observations.

In his perspective, PErssoN [5] also provides other interesting examples of apparent clashes between
concepts partly based on in vitro studies and in vivo observations. In vivo studies in patients, healthy
controls or in animals allow the performance of experiments using whole, live organisms, whereas in vitro
experiments are performed in a controlled environment outside such an organism. Therefore, the
complexity of interactions that can be studied in in vivo experiments by far exceeds that which can be
analysed in vitro. As in vitro models, however, become more refined, they increasingly allow the detailed
analysis of complex interaction, such as using co-cultures of various cell types to mimic the
microenvironment, and the gradually less futuristic body-on-chip, achieved by coupling various
organs-on-chips [13]. Nevertheless, these models still fail to capture the complexity of the whole body.
Therefore, performing in vitro experiments has the inherent risk of unravelling mechanisms that are only
operational in a culture dish but not in the whole organism. Alternatively, they may not be able to unravel
mechanisms that are operational in the whole organism, but do not function in the simplified setting of an
in vitro experiment. Discrepancies between in vivo observations and findings from in vitro studies should
be the topic of an open-minded, careful dialogue among clinical, translational and basic scientists, and in
our experience this helps to advance our insight into the pathogenesis of asthma and that of other (lung)
diseases. This is also essential in toxicology, where there is increasing pressure to replace in vivo animal
studies by in vitro or in silico studies. Acceptance of the new models by regulatory authorities is a major
hurdle that has to be taken, but the endorsement of in vitro skin models in the analysis of possible adverse
effects of cosmetic products and their ingredients on the skin is an example of the effect of societal
pressure on scientific conventions in safety testing.

This is the time to press on! The revolution of systems biology has now increased opportunities for
powerful observational studies by analysing patient samples, showing the complexity of cellular systems.
Such an approach has already enabled the linking of comprehensive in vivo and in vitro data regarding
epithelial function in asthma [14]. Similarly, single cell RNA sequencing has resulted in the identification
of apparently novel subsets of cells and differentiation trajectories within the airway epithelium [15, 16],
including from those with asthma [17]. Likewise, high-dimension cytometric analysis that allows the
simultaneous assessment of 30-50 cell markers provides a better insight into the immune landscape of
mucosal surfaces [18]. These methods include unbiased assessments and depend on state-of-the-art
bioinformatics to provide detailed information on biological processes in health and disease. Providing
strong evidence of the relevance of such findings for unravelling disease processes remains essential. This
is one of the main points brought to our attention by the perspective of Carl Persson. Translational
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research should be bidirectional, with clinical and in vivo research informing basic and in vitro research
and vice versa. The ERS and ERJ were founded for this purpose, were they not...?
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