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Function of the Lungs 
The lungs are vital organs responsible for gas exchange, ensuring that oxygen is delivered to the 
bloodstream while expelling carbon dioxide from the body. This exchange occurs in the alveoli, 
tiny air sacs with thin walls that allow eƯicient diƯusion of gases. The lungs also play a crucial 
role in immune defense, by inhibiting passage of pathogens from inhaled air, and support 
homeostasis by e.g. controlling the pH and CO2 levels [1]. 

History of lung research 
Over the past decades and even centuries, in vitro lung research has greatly developed. Early in 
vitro studies relied on simple 2D cell cultures, where lung epithelial cells were grown on flat 
surfaces. While these models provided fundamental insights, they lacked the structural 
complexity of lung tissue. Great progress has been made by the introduction of Transwell 
cultures, enabling air-liquid interface (ALI) cultures, that better mimicked the in vivo lung barrier 
function. After introduction of static ALI-cultures, in vitro research further innovated by using 
primary cells, creating organoids and designing lung-on-a-chip models. These innovations have 
provided even more physiologically relevant models, integrating mechanical forces, multiple 
cell types, and microfluidic flow to replicate in vivo lung conditions [2], [3]. 

Barrier function and dysfunction 
The integrity of the lung barrier is critical for pulmonary health. If the barrier is compromised, 
harmful substances can infiltrate the lungs, leading to several diseases. This is a vicious circle; 
an impaired lung barrier can lead to disease, and diseases can further impair the lung barrier. 
Common diseases are: 

 Infectious diseases such as bronchitis, pneumonia, tuberculosis, influenza and COVID-
19 [4], [5]. 

 Chronic lung diseases such as chronic obstructive pulmonary disease (COPD), asthma 
and pulmonary fibrosis [6]. 

 Acute lung diseases such as acute respiratory distress syndrome (ARDS) and 
hydrostatic edema [7]. 

Barrier function of in vitro models of the lung 
Impaired lung barrier functionality and lung disease go hand in hand. In order to better 
understand disease progression and treatment, in vitro models should allow barrier 
assessment. As discussed above, current models, in contrast to flat 2D models, focus on this 
barrier function by incorporating two sides of the cell layer: liquid-liquid interface or ALI. 
Techniques such as transepithelial electrical resistance (TEER) measurements and permeability 
assays help evaluate barrier integrity/function in these models. These measurements provide 
valuable data on how drugs, toxins, or disease conditions aƯect lung barrier function. Improved 
in vitro models with precise barrier function assessments enhance our ability to predict 
respiratory drug eƯicacy and toxicity, reducing the reliance on animal testing [8]. 



   
Conclusion 

Understanding lung function and its barrier integrity is crucial for advancing respiratory research 
and developing eƯective treatments. The evolution of in vitro lung models, from simple 2D 
cultures to complex lung-on-a-chip systems, has significantly improved our ability to study lung 
diseases and test potential therapies. By focusing on barrier function, researchers can better 
predict drug eƯicacy and disease mechanisms, ultimately reducing the need for animal testing. 
As technology continues to evolve, refining these models will be key to bridging the gap between 
laboratory research and clinical applications. 

Join the conversation 
What do you think are the biggest challenges in accurately replicating lung function in vitro? 
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