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1 Co-Culture of Epithelial cells and Fibroblasts on Chip 

 Introduction 

Idiopathic pulmonary fibrosis (IPF) is the most common form of interstitial lung diseases (Coultas et 
al., 1994), which are characterized by pronounced tissue remodelling with marked thickening of the 
interstitial tissue at the gas-exchanging airways (Visscher & Myers, 2006). IPF has long been thought 
to be due to chronic low-grade inflammation in the airways. Failure of anti-inflammatory therapies in 
fibrosis patients, however, has challenged this hypothesis and led to a paradigm shift in pulmonary 
research. Currently, fibrosis is supposed to be the consequence of repetitive epithelial injuries, 
followed by aberrant wound healing processes (King et al., 2011). 

Injuries to the vulnerable alveolar epithelium initiate a cascade of signaling events that lead to wound 
clot formation in the alveolus, basal membrane disruption and fibroblast proliferation, infiltration and 
differentiation towards contractile myofibroblasts. The infiltrated and residual myo-/fibroblasts then 
secrete extra-cellular matrix (ECM) components, mainly collagens, that set the stage for efficient re-
population of the denuded basal membrane. In healthy lungs, the alveolar epithelium is repopulated 
by proliferating type II alveolar epithelial cells that spread, migrate to the initial wound area and 
differentiate into type I AEC (Evans et al., 1973; Fehrenbach, 2001). Upon complete restoration of 
the epithelial barrier, the provisional wound clot is then resolved and the alveolus returns to full-
function again (Beers & Morrisey, 2011; Crosby & Waters, 2010). In IPF lungs, however, the normal 
wound repair is deregulated, and fibroblasts are continuously recruited to the alveolar space. 
Consequently, fibroblasts accumulate in the sub-epithelial region, form local clusters (fibroblast foci) 
and secrete excessive amounts of ECM that critically impair the normal gas exchange. In the attempt 
to close the wounds in the persistently apoptotic epithelium, type II alveolar epithelial cells 
continuously proliferate and become hyperplastic (Bachofen & Weibel, 1974). The inefficiency of 
the alveolar wound healing process leads to sustained bi-directional repair signals that further fuel the 
vicious circle underlying fibrosis. Hyperplastic epithelium and fibroblast foci are typical hallmarks of 
fibrotic lung tissue and were shown to be in close proximity to each other(Kuhn et al., 1989; Selman 
& Pardo, 2002). In conclusion, the normal repair mechanisms of the respiratory epithelium seems to 
be overwhelmed in IPF, which leads to massive fibroblast infiltration and profound airway 
remodeling(Selman et al., 2001; Selman & Pardo, 2002). 
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Moeller et al. reported that none of the approximately 250 therapeutic agents, which were 
successfully tested in animal models of pulmonary fibrosis, has gained clinical acceptance (Moeller 
et al., 2008). The relevance of these animal models has therefore been questioned and attempts are 
undertaken, to overcome some of these limitations with advanced in vitro models like the here 
presented lung-on-a-chip. 

1.2 Methods 

1.2.1 Co-culturing of alveolar epithelium and fibroblasts 

The porous membranes were coated with a mixture of 6.66 µg/cm2 human fibronectin (Corning, 
Cat#: 354008) and 18.18 µg/cm2 collagen 1 (Sigma-Aldrich, cat# C4243) for 24 h prior to cell 
seeding. A549 lung alveolar epithelial-like cells (p22, ATCC cat#: CCL-185, RRID:CVCL_0023) 
were cultured in RPMI 1640 culture medium with GlutaMAX™ (Gibco/Life Technologies, cat#: 
61870-010) supplemented with 10% fetal bovine serum (FBS, Gibco/Life Technologies, cat#: 10270-
1 06) and 1% penicillin–streptomycin (Gibco Life Technologies, cat#: 15140-122) at 37°C and 5% 
CO2. The cells were labeled with a red fluorescent membrane dye (PKH26, PTI Research, Inc.) prior 
to seeding 50,000 cells/cm2 on the apical side of the alveolar membrane. After 24 h, normal human 
lung fibroblasts (NHLF, Lonza, cat#: CC-2512) were seeded on the basal side of the membrane at a 
concentration of 10,000 cells/cm2 (Figure S1). 4 h after the seeding of the fibroblasts, the medium 
was changed to serum-free medium for another 20 h. 

 

Supplementary Figure S1: Schematic of the lung-on-a-chip with a co-culture of alveolar epithelium 
and fibroblasts. 

1.2.2 Scratch wounding 

The epithelial cell monolayer was scratched by dragging a 10 μl pipette tip across the thin membrane 
(Figure 2A-C). The cells were washed once with starvation medium to remove cell debris. The 
wounded monolayers were cultured for 24 h in serum-free medium. Cells were cultured either under 
static (no stretch) or dynamic conditions (with three-dimensional stretch corresponding to 8% linear 
strain at 0.2 Hz).  

1.3 Results and Discussion 

A549 alveolar epithelial-like cells were cultured for 24 h before normal human lung fibroblasts were 
seeded on the other side of the porous membrane (Figure S1). The co-culture could be successfully 
established and maintained even in serum-free medium (Figure S2A). Before wounding the A549 
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cells formed a nice and confluent cell layer regardless of whether fibroblasts were cultured on the 
basolateral side of the porous membrane or not (Figure S2C). Furthermore, wounds of a few hundred 
micrometers in width were successfully created using a 10µl pipette tip (Figure S2B). Fluorescence 
imaging could be performed at several timepoints after the wounding of the cells to monitor the 
wound healing progression. This proof-of-concept experiment shows, that it is possible to co-culture 
lung fibroblast with alveolar-like epithelial cells and to create a wound in the epithelial layer.  

 

Supplementary Figure S2: A+B Micrographs of the confluent alveolar epithelial layer before and 
immediately after wounding with a 10µm pipette tip. Alveolar epithelial cells were stained using a 
live cell membrane dye in red. Scale bar: 0.5 mm. C Closer view on the wounded co-culture of A549 
(stained in red) and normal human lung fibroblasts (elongated cells) growing on the other side of the 
porous membrane. Scalebar: 100 µm. 

1.4 Conclusion 

Preliminary tests of an alveolar epithelial/fibroblasts co-culture on an ultra-thin, porous and flexible 
membrane were successful. In addition, the epithelial layer could be wounded by a scratch assay and 
imagined. Further experiments will focus on the complex interplay between both cell types during 
wound-healing in a dynamic environment. 
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