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• Drug-induced lung disease (DILD) has been reported for 
many compounds, for example amiodarone and afatinib, 
as a key factor in the discontinuation of drug therapy. In 
vitro pulmonary models are crucial tools for assessing 
the toxicity of compounds and pharmaceuticals, such as 
the 3D organoid model and the air-liquid interface (ALI) 
culture model. 

• In this study, we established the 3D human bronchial 
organoid (HBO) model and the human ALI airway model, 
both static and perfused (bronchi-on-a-chip) a with 
demonstrated capacity to differentiate into mature 
mucociliary airway structures. These models serve as 
robust tools for in vitro pulmonary toxicity screening.

 Three-dimensional human bronchial in vitro model can be 
established as either a 3D organoid model or a Transwell-
based barrier models, under both static and perfused 
condition with CN-Bio PhysioMimix system. 

 Both models showed dose-responsiveness to compounds 
with reported pulmonary toxicity in terms of goblet-cell 
composition, which serve as potential tools for drug 
screening purposes for identification of side effects.
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In Vitro Human Bronchiole Models for Pulmonary Toxicity Screening

 The HBO model was first established under 
undifferentiated basal conditions for model characteri-
zation and drug-screening purposes. It was then 
differentiated for 14 days into mature airway organoids, 
which were characterized using immunofluorescence 
staining, immunohistochemical staining, and RT-qPCR 
analysis.

 The normal human bronchial epithelial (NHBE) cell ALI 
model was established by Transwell-based ALI culture 
for 28 days and was characterized by immunofluores-
cence staining and RT-qPCR analysis. 

 CN-Bio’s PhysioMimix system was used to establish the 
perfused bronchi-on-a-chip model using NHBE cells for 
14 days, which was compared with the static NHBE 
model in terms of differentiation outcome by RT-qPCR 
analysis and histological staining. 

 Drug screening using the reference compound afatinib, 
with reported pulmonary toxicity, was conducted in the 
differentiated 3D HBO model and NHBE ALI barrier 
model.

4

1 2 3

5

Pharmaron l Business Address of Poster Presenter

3D human bronchial organoids (HBO) showed 
basal cell characteristics with dose-
responsiveness to compounds with 
pulmonary toxicity

Basal HBO model characterization and toxicity testing via 3D 
CTG assay. HBO under basal state showed high expression of basal 
cell marker P63 and low expression of goblet cell marker MUC5AC. 
HBO under basal state showed dose-responsiveness to compounds 
with pulmonary toxicity, including afatinib, doxorubicin, Staurosporine 
and amiodarone.

Characterization of static NHBE ALI barrier model with H&E 
staining, AB/PAS staining, RT-qPCR analysis and TEER value 
along passages. NHBE cells showed increased thickness and goblet cell 
composition along differentiation, with higher expression level of goblet, 
ciliated and club cell marker. This differentiation can be observed at least
to Passage 6 of NHBE cells, with steady TEER value along differentiation.

Characterization of differentiated HBO model with IHC 
staining, IF staining and RT-qPCR. After 14 days of 
differentiation, HBO showed higher expression level of goblet 
cell marker (MUC5AC), ciliated cell marker (FOXJ1/acetylated α 
tubulin) at mRNA and protein level.

HBOs can be differentiated into goblet 
and ciliated cell lineages

Static NHBE air-liquid interface (ALI) barrier 
model formed well-differentiated mucociliary 
structure with steady TEER value

Afatinib showed toxicity to goblet cells in both differentiated 3D HBO model and static NHBE ALI 
barrier 

Left Panel: Effect of Afatinib in differentiated HBO model after 7-day treatment. Differentiated HBOs showed IC50 to Afatinib at 
around 15.18 μM, with dose-dependently reduced goblet cell marker MUC5AC expression. 
Right panel: Effect of Afatinib in NHBE ALI model after 3-day treatment. Afatinib did not show dose-dependent toxicity to fully 
differentiated NHBE ALI model in terms of TEER value, permeability and cell viability, but showed dose-dependently reduced expression of 
goblet cell marker MUC5AC and prominently reduced goblet cell composition stained by AB/PAS staining at higher dosages.

Perfused NHBE ALI model established with 
CN-Bio PhysioMimix showed superior 
differentiation compared to static ALI culture

Comparison of static ALI model and perfused ALI model. Perfused 
culture of NHBE cells showed better differentiation outcome including 
goblet cell, ciliated cell and club cell differentiation, with development of 
mucociliary structure at day 14 compared to static ALI culture.

Static NHBE ALI Model, 
3 days Afanitib treatment
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AB/PAS: Alcian Blue/Periodic Acid-Schiff staining 
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