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Figure 2: Vitrocell Cloud12 Chamber and QCM Balance and Representative QCM Trace for Aerosol Silica (10 μg/cm2 Dose)

INTRODUCTION
Pulmonary fibrosis (PF) is a debilitating, typically fatal, condition caused by a variety of factors 
including environmental or occupational exposures, drugs, radiation and genetic predisposition.  No 
current in vitro (immortalized cell lines), ex vivo, in silico or in vivo models of PF fully recapitulate all 
salient features of the human disease. 

In this study, a novel in vitro organotypic 3D airway model from primary human cells (EpiAlveolar™ 
from MatTek Corporation) with macrophages was examined to evaluate alveolar toxicity and the 
capacity of the model as a method to assess fibrotic potential in vitro.  Previously, this model has been 
shown to behave in a manner reflecting the parent tissue and under some experimental conditions can 
develop aspects of PF seen in the lower respiratory tract[1].

The study design was based on the protocol provided by MatTek[2].  EpiAlveolar™ tissues were 
challenged to develop aspects of PF, by exposure to known PF causing agents; bleomycin (12, 0.12 or 
0.0012 µg/mL) or TGF-β1 (10, 5 or 1 µg/mL) in the culture media, or to repeated aerosol applications 
of silica (50 nm particle size, ca 10 or 1 µg/cm2), for up to a 14 day period.  Tissue viability was 
assessed by transepithelial electrical resistance (TEER) and lactate dehydrogenase (LDH) release 
every second day.  Tissue samples and spent culture media were collected throughout the time course 
for analysis by pathology, immunohistochemistry (IHC) and ELISA to further characterise the healthy 
model and to identify aspects of PF developing over time.

MATERIALS AND METHODS

Tissue viability was assessed by TEER and LDH release assays on Day 0.  Following this, a group of 
untreated tissues were processed for histology/ pathology.  In addition, 11 tissues per treatment group 
were treated on Day 0 (either aerosol exposure then incubation in blank media for 2 days or incubation 
in media containing doses for 2 days).  The following groups were tested: 

• Silica nanospheres (50 nm) aerosol application at ca 1 μg/cm2 and ca 10 μg/cm2 doses
• Bleomycin sulfate (BLM) at 12 (0.1 Unit), 0.12 (1 mU) and 0.0012 μg/mL (0.01 mU)
• TGF-β1 at 10, 5 and 1 ng/mL
• Controls: vehicle control for aerosol and negative control (control for BLM /TGF-β1).  

Aerosol exposure was conducted using a saline vehicle in the Vitrocell Cloud 12 exposure chamber 
with associated quartz crystal microbalance (QCM) for assessment of applied dose (Figure 2).

Dosing was repeated every 2 days.  The TEER and LDH measurements were repeated after every
2 day incubation.  On Day 2, Day 6 and Day 10, 2 tissues per group were processed for histology/ 
pathology.  Five tissues per group underwent the full 14 day regime, at which point all remaining tissues 
were processed for histology/ pathology.  Spent culture media at each time point was retained for 
ELISA analysis (2 tissues that underwent 14 day treatment per group) for the following markers: 
fibronectin, IL-6 (kits obtained from R&D Systems) and Pro-Collagen I α1 (Abcam).

RESULTS

Compared to the untreated control, the 5 and 10 ng/mL TGF-β1 treated groups TEER dropped to close to zero by Day 10 and Day 6, respectively.  LDH release each day 
was compared to an independent set of Triton X-100 lysed tissues prepared daily and calculated as a percentage of that value.  Generally, compared to the lysed controls, 
the levels of LDH released from all samples were negligible.  However, on Day 6 and Day 8, a small increase in released LDH was measured in all TGF-β1 groups, silica 
(1 μg/cm2) and the top BLM dose group (data not shown).  These data indicate that the TGF-β1 treated tissues, in particular, are being put under stress, manifesting as a 
reduction in tight junction integrity (TEER) and leaking of some cell contents, peaking between 6 and 8 days into the treatment regime.  However, the LDH released did not 
approach lysed cell values, indicating that the majority of the cells remained alive.  A clear dose response was measured for secreted extracellular matrix proteins,
Pro-Collagen I α1 and Fibronectin and the inflammatory marker, IL-6, from the TGF-β1 treated groups over time (Figures 4-6).  Pro-Collagen I α1 secretion was also 
analysed for the other treatment groups with no clear patterns or dose responses apparent.

5 DISCUSSION AND CONCLUSION
Silica and BLM treatments at the selected dose levels did not show clear patterns in their responses and were generally 
similar to their respective controls, indicating that the 14 day challenge with these materials did not result in toxicity or induce 
markers of PF in the EpiAlveolar™ tissue model.  However, LDH release (cytotoxicity) increased slightly after approximately 
6 days of treatment for all TGF-β1 dose levels.  TGF-β1 treated tissues also displayed a dose response reduction in TEER 
(tight junction integrity) around the same time point and increased secreted Pro-Collagen I α1 over time (precursor of collagen 
type 1, for which production and accumulation is the hallmark of PF).  This data correlates well with the histopathology 
observations.  Lower TEER values and increased Pro-Collagen I α1 are likely due to the change from a predominantly 
epithelial to fibroblast phenotype whilst increased LDH is likely a result of increased numbers of degenerate cells observed 
from Day 6 of TGF-ß treatment. 

These data suggests that repeat dosing of EpiAlveolar™ via both apical (aerosol) and basal routes can be successfully 
performed over a 14 day period and that this would be a valuable model to identify alveolar toxicological end-points.  
Furthermore, these data indicate that while TGF-β1 treatment for 14 days has not caused large scale toxicity, it has induced a 
number of markers of PF in the still viable cells. Therefore, the model has the potential be used to identify PF causing agents 
and new PF treatments whilst reducing the need for in vivo testing and for improving translation to human outcomes.
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EpiAlveolar™ is a novel 
commercially available functional 
model of human alveoli, derived 
from primary human alveolar 
epithelial cells, pulmonary 
endothelial cells, fibroblasts and 
monocyte-derived macrophages 
(THP-1s), cultured at the air-liquid 
interface (Figure 1).

Figure 1: Schematic of EpiAlveolar™ Tissues in Culture
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Figure 3: TEER Following TGF-β1 Treatment for up to 14 Days Figure 4: Cumulative Pro-Collagen I α1 Secretion Over 14 Days of TGF-β1 Treatment * 
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TEER for the negative control tissues declined steadily over the course of the 14 day 
experimental period from ca 1300 to ca 350 Ωxcm2.  This may relate to contraction of the tissues 
away from the insert walls, and has been observed previously.  TEER results from the aerosol 
vehicle group, silica groups and BLM groups were similar to this.  A clear dose response was 
observed in the TEER data from TGF-β1 treated tissues (Figure 3). 

Figure 5: Cumulative IL-6 Secretion Over 14 Days of TGF-β1 Treatment * 
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Figure 6: Cumulative Fibronectin Secretion Over 14 Days of TGF-β1 Treatment * 

* Secreted concentrations for Day 12 of 1 ng/mL TGF-β1 treatment are estimated, as the samples were discarded in error.

3
Model Characterisation (Figure 7)
Up to Day 6, untreated controls displayed consistent morphology 
with a single deep layer of vimentin (VM) positive spindle shaped 
fibroblasts covered by a layer of 2 to 3 cells thick of polygonal 
VM negative epithelial cells.  Rare ciliated cells and 
microvacuolated cells were observed in the surface layer.  
Degenerate cells were also rare and occasional VM positive 
endothelial cells were observed on the underside of the

TGF- β1 Treatment (Figure 8)
By Day 6 of TGF- β1 (10 ng/mL) treatment, the overall thickness 
of the cell layer was similar to untreated controls, however, the 
majority of the cell population expressed a spindle shaped VM 
positive fibroblast phenotype.  From Day 10, samples exhibited 
multifocal thickening and, in places, protuberant foci composed 
of multiple layers of VM positive fibroblasts mixed with lesser 
VM negative epithelial cells.  Increased numbers of degenerate 
cells were observed in these samples.

membrane.  From Day 10, there was overall thinning of the epithelial cell layer with increased numbers of VM positive cells and 
surface layer ciliated and microvacuolated cells.  This suggests a change in phenotype between Day 6 and Day 10 characterised

Figure 7: Representative Images of Day 6 & Day 10 Untreated Samples

Figure 8: Representative Images of Day 6 
and Day 10 TGF-ß1 Treated Samples

4

by proliferation of the fibroblast subpopulation and proliferation/ preferential survival of a subset of 
airway epithelial cells included in the initial population.


