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Advanced in vitro pulmonary models for 
engineered nanomaterial hazard assessment 

• Objectives of WP3
– 3.1 Advance models 
– 3.2 Adapt models
– 3.3 Establish bioassays for chronic mechanistic key 

events 
– 3.4 Establish high-throughput bioassays 
– 3.5 Compare these models to cross-species models
– 3.6 Pre-validation of models – reproducibility 
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Alveolar  cells

Optimisation of epithelial lung cell growth in mono-cultures

Optimise lung models (monocultures)

Bronchial cells
Calu-3

ZO-1 Nuclei

>3 weeks at ALI 

F-Actin Nuclei

ZO-1 Nuclei

A549

3 days at ALI 

hAELVi

>3 weeks at ALI 
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Partner Co-cultures

AMI hAELVI/monocyte-derived macrophages (MDMs)

SU A549/differentiated THP-1 cells (dTHP-1)

RIVM Calu-3/MDMs or dTHP-1

A549 cells

100µm

Number of cells in human lung
Epithelial cells: 38 500 cells/cm2 

Macrophages: 15 000 cells/cm2

Pinkerton et al.,2015, eBook ISBN: 9780124047266

50µm

MDMsdTHP-1

MDMs

Calu-3 cells dTHP-1

Strategy for prolonged cultures – repeated addition of
macrophages to epithelial tissue each week

Co-cultures of epithelial cells with macrophages

Optimise lung models (co-cultures)
3.1



3.2
Adaptation of the models 

Addition of fluidics and design of a bioreactor to mimic breathing motions 



• Concentrations used are relevant to an in vivo
exposure (µg/cm2)

• Exposure methods 
– Air liquid interface 
– Aerosolisation
– Dry-powder 

• Exposure scenarios 
– Acute 
– Chronic 

Exposures 

Quasi-ALI exposure 

Liquid aerosol exposure
(VITROCELL® CLOUD 12)
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Materials 
ZnO

MWCNT

BaSO4

TiO2
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Lung Models 

Inflammatory lung model 

Fibrotic lung model 

Primary co-culture system: EpiAlveolar™

Endothelial cells

Macrophages
Epithelial cells

Fibroblasts

Hematoxylin and eosin staining

Patrick Hayden
Anna G. Maione
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AOP
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• Focusing on models for inflammation, fibrosis and 
cancer

• Inflammatory endpoints 
– Viability, proliferation, membrane integrity 
– ROS production, profibrotic mediator release (IL-1β, TNF-α, 

IL-8, IL-6 and MCP-1)

• Fibrotic endpoints 
– Fibroblast proliferation, α-sma upregulation, collagen 

production 
– ROS production, profibrotic mediator release (IL-1β, TNF-α, 

IL-8, IL-6 and MCP-1)

Summary 
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