
EDITORIALS

Modeling Fibrosis in Three-Dimensional Organoids Reveals New
Epithelial Restraints on Fibroblasts

Epithelial–mesenchymal interactions are critical for organ
development, function, and maintenance (1). In the developing lung,
these interactions orchestrate branching morphogenesis during
the pseudoglandular stage (2). The epithelium-derived soluble
mediators SHH (sonic hedgehog), BMP4 (bone morphogenetic
protein 4), and SPRY2 (sprouty homolog 2) are negative
regulators of mesenchymal FGF10 (fibroblast growth factor 10), a
key regulator of branching (3). Many of these developmental
pathways are reactivated in fibrotic lung diseases, and most
studies have focused on mesenchyme-derived factors that
contribute to epithelial disrepair (4, 5). However, much less is
understood about the epithelial factors that may maintain
quiescence of the mesenchyme.

In a study presented in this issue of the Journal, Tan and colleagues
(pp. 607–619) interrogated lung epithelial–mesenchymal cross-talk in a
three-dimensional (3D) culture system (6). In this study, lung epithelial
and mesenchymal cells were cultured on top of Matrigel, and a role for
epithelial-derived BMP4 in suppressing profibrotic gene expression in
fibroblasts was identified. A comparative whole-genome expression
analysis of collagen-producing fibroblasts, grown alone or in
combination with epithelial progenitors atop Matrigel, supported a
critical role for BMP4-mediated signaling in suppressing fibrogenic
activity. Fibrogenic stimuli, including transforming growth factor-
b1 (TGF-b1) and the chemotherapeutic drug bleomycin, resulted
in a suppression of epithelial BMP4 that led to derepression of
fibroblast activation, as measured by enhanced proliferation and
myogenic differentiation. These findings support a role for
epithelium-derived BMP4 as a potential soluble mediator that
maintains quiescence of the adjacent mesenchyme under
homeostatic conditions in the lung. Epithelium-derived BMP4
signaling to the fibroblasts and its regulation in fibrosis are shown
in Figure 1.

There are several notable findings in this study. First, the
suppressive effect of the epithelium on mesenchymal activation
was not observed in two-dimensional culture, but was clearly
evident in the 3D organoid model. Organoids have shown great
promise for decoding the conceptual foundations of cell polarity
and emergence into complex functional tissue configurations
(7). Lung organoids have been used to identify various regional
stem and progenitor cells, intercellular communications, and
regenerative responses (8). The majority of organoid approaches
rely on coculturing epithelial and mesenchymal progenitors that
are seeded in suitable matrices but lack other organ components,
such as immune cells and blood vessels. In the study by Tan and
colleagues, cells were not embedded within the matrix, but rather
were studied on top of Matrigel. The resulting structural
differences compared with the more traditional alveolosphere and
bronchosphere models require further characterization (8).

Second, this study highlights the critical role of a healthy
epithelium in restraining overexuberant mesenchymal activation.
With its identification as a critical suppressive factor, BMP4 is added
to the list of other mediators, such as PGE2 (prostaglandin E2) (9)
and SHH (10), that have been previously described. In this regard,
it is important to define the precise role of these potential
antifibrotic mediators in affected tissues of human subjects with
particular fibrotic diseases. Although PGE2 has been shown to be
decreased in the lungs of subjects with idiopathic pulmonary
fibrosis (11), SHH signaling appears to be (paradoxically) elevated
(5, 12). It is possible that signaling by certain mediators can be
pleiotropic, and even antagonistic, in the setting of chronic injury
and aging (4).

The authors should be commended for using a novel 3D cell
culture model to study cell–cell interactions. These models could
be further refined to take into account the unique cellular
microenvironments and niches in the lung, such as the air–liquid
interface, changes in gas tensions (e.g., oxygen and carbon dioxide),
nutrient availability, and metabolite concentrations. Organoids are
typically grown ex vivo from pluripotent stem cells or isolated
progenitors seeded in gels containing component(s) of the
extracellular matrix (8). Within the matrix, cells proliferate,
self-organize, and differentiate to form isolated functional units
mirroring basic organ structure and function (13). To date,
organoids have been generated from both murine and human stem
and progenitor cells for a number of organs, including the lung
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Figure 1. Epithelium-derived BMP4 (bone morphogenetic protein 4)
suppression of fibrogenic activation in lung fibroblasts. Under homeostatic
conditions, fibroblasts remain quiescent under the influence of secreted
factors from the epithelium. Epithelium-derived BMP4 is known to
suppress mesenchymal activation during lung development to regulate
epithelial branching. Findings from Tan and colleagues demonstrate that
epithelium-secreted BMP4 maintains mesenchymal quiescence in the
adult murine lung (6). BMP4 levels decline after epithelial injury, resulting
in mesenchymal activation and fibrosis. AT1= alveolar type 1 cells;
AT2= alveolar type 2 cells.

This article is open access and distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives License 4.0
(http://creativecommons.org/licenses/by-nc-nd/4.0/). For commercial usage and reprints please contact Diane Gern (dgern@thoracic.org).

556 American Journal of Respiratory Cell and Molecular Biology Volume 61 Number 5 | November 2019

http://crossmark.crossref.org/dialog/?doi=10.1165/rcmb.2019-0153ED&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org


(8, 14). Organoids are commonly used in developmental studies,
disease modeling, and drug testing, and hold promise for tissue
replacement in the future (15).

A deficiency in epithelium-derived factors that suppress
mesenchymal activation, such as BMP4 in the study by Tan and
colleagues, PGE2 (9), and SHH (10), suggests that repletion of these
factors may be beneficial in supporting tissue/organ regeneration.
However, many of these factors may be pleiotropic in their actions
in diseased tissues (4), and it is important to verify their deficient
signaling activity in vivo. In support of the role of deficient BMP4
signaling in progressive fibrosis is the finding that gremlin, a
negative regulator of BMP4, is highly expressed in idiopathic
pulmonary fibrosis tissues (16). Application of innovative
approaches to study cell–cell interactions in the lung will uncover
bidirectional signaling between cellular compartments that would
not be evident with traditional cell culture models. n
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