TECHNICAL BULLETIN
Air-Liquid Interface Culture

For Respiratory Research

The Human Tracheobronchial Epithelium

The epithelial lining of the tracheobronchial region of the human
respiratory tract is classified as a pseudostratified, ciliated,
columnar epithelium. Three cell types predominate in this region:
ciliated cells, secretory cells (primarily mucus-secreting goblet
cells) and basal cells.

The tracheobronchial epithelium acts as a protective barrier,
defending against a variety of inhaled insults such as toxins,
pollutants and pathogens. Barrier function is maintained primarily
as a result of three key characteristics of the epithelium:

1. Tight junction proteins maintain the integrity of the epithelium
and are critical to its function as a physical barrier.

2. Secreted mucus traps particulate matter and pathogens,
which are subsequently transported out of the airway by the
coordinated action of ciliated cells, in what is known as the
mucociliary escalator.??

3. Secreted protective mediators such as antimicrobial
peptides and inflammatory mediators form a chemical and
immunological barrier against pathogens and toxicants.*

There is a growing need for physiologically relevant models of the
respiratory epithelium, but recreating these complex functions in
vitro is a considerable challenge.

Modeling the Respiratory Epithelium In Vitro

A variety of cell types can be used to model the human respiratory
system, including immortalized respiratory cell lines (e.g. BEAS-
2B and 16HBE140- cells) and primary cells from animals or
human donors. Although the use of immortalized cell lines and
primary cells from animals is common, data generated using
these models are not directly applicable to the human system.®
Submerged culture of primary human bronchial epithelial cells is
possible; however, cells in this system fail to undergo mucociliary
differentiation. In order to recapitulate the pseudostratified
mucociliary phenotype observed in vivo, primary human bronchial
epithelial cells (HBECs) must be cultured at the air-liquid interface
(ALI; Figure 1).5

The defining feature of ALI culture is that the basal surface of the
cells is in contact with liquid culture medium, whereas the apical
surface is exposed to air. A common approach is to seed cells

onto the permeable membrane of a cell culture insert, which is
initially supplied with culture medium to both the apical and basal
compartments (Figure 1A). Once confluence is reached, the cells
are subjected to “air-lift”, where the medium is supplied only to
the basal chamber (Figure 1B). This configuration mimics the
conditions found in the human airway and drives differentiation
towards a mucociliary phenotype.
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FIGURE 1. Air-Liquid Interface Culture Schematic.

Schematic of submerged (A) and air-liquid interface (B) culture of primary
human bronchial epithelial cells grown using porous culture inserts.
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Differentiation of Primary Bronchial Epithelial
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www.stemcell.com/ALIVideoProtocol

Physiological Relevance of Air-Liquid
Interface Culture

ALl culture of primary HBECs is increasingly being recognized
as an important culture system that facilitates physiologically
relevant respiratory research.® HBECs cultured at the ALl undergo
extensive mucociliary differentiation, resulting in an in vitro model
that is representative of the in vivo airway. Hematoxylin and eosin
(H&E) and periodic acid-Schiff (PAS) staining show that ALI
cultures (Figure 2A and 2C), like the in vivo bronchial epithelium
(Figure 2B and 2D), are pseudostratified in morphology and are
made up of a heterogeneous cell population, including ciliated
and mucus-secreting (PAS-positive) cells.
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Air-Liquid Interface Culture For Respiratory Research

This model is also characterized by the development of epithelial
barrier function, as indicated by the expression of tight junction
proteins and the development of high transepithelial electrical
resistance.® The suitability of ALI cultures for modeling the airway
has been further confirmed through transcriptome analyses’
and a wide range of experiments demonstrating physiological
responses to insults such as toxicants and pathogens.®"°
Furthermore, ALl cultures of primary cells from donors with
respiratory disease (e.g. asthma, cystic fibrosis, COPD)
recapitulate in vivo disease characteristics, forming robust in vitro
models of these conditions."'?

Q ALl Culture\

H&E S0pm

ALl Culture\

50 pm

FIGURE 2. Primary Human Bronchial Epithelial Cells Cultured at the
Air-Liquid Interface Recapitulate the In Vivo Bronchial Epithelium

(A-B) Hematoxylin and eosin (H&E) and periodic acid-Schiff (PAS) staining
reveals that cells differentiated at the air-liquid interface in

PneumaCult™-ALI (A and C) form a pseudostratified epithelium that is
representative of the in vivo bronchial epithelium (B and D). Data in (A) and (C)
generated by Samuel Wadsworth.
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PneumacCult™-ALI for Air-Liquid
Interface Culture

PneumaCult™-AL| (Catalog #05001) is a serum- and
BPE-free culture medium that has been optimized
to reproducibly support improved mucociliary
differentiation of primary HBECs in ALI cultures.

Applications of Air-Liquid Interface Culture

Air-liquid interface culture holds enormous potential for respiratory
research, with a wide range of experimental uses. This includes
a number of highly specialized applications for which submerged
culture techniques provide inadequate models. Use ALI cultures
of airway epithelial cells to:

Study the cell biology of the respiratory epithelium
ALl cultures are the most physiologically relevant model for
studying the respiratory epithelium in vitro.®

Model respiratory diseases

Airway epithelial cells from patients with chronic respiratory
diseases such as cystic fibrosis, COPD and asthma,

can be cultured using ALI techniques, enabling disease
mechanisms to be studied in vitro."?

Study infection of the respiratory epithelium
Some respiratory viruses selectively target cell types
present only in fully differentiated airway cell cultures.™™

Test drug formulations for inhalation delivery

Aerosol particles can be directly deposited onto the semi-
dry apical cell surface, mimicking the deposition of powders
onto the lung surface in vivo."®'®

Test toxicity of inhaled substances

Responses of ALI-differentiated primary epithelial cells to
insults such as tobacco smoke components closely mimic
reported changes in the human airway.''®
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