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Introduction
The airway epithelium protects the airway from injury. This 
physical barrier is maintained by tight junctions between 
adjacent airway cells, and is reinforced by the secretion of 
mucus in order to trap pathogens, particulates and toxins. 
Though human airway epithelial primary cells and cell lines 
are well studied, traditional monolayer cell culture methods 
are limiting, due to submersion of the cells in culture me-
dium. The Clonetics® B-ALITM Bronchial Air Liquid Interface 
Medium BulletKit® provides a model system to investigate 
bronchial epithelial cells in a more physiologically relevant 
way.

The B-ALITM System is a functional reconstitution of the 
airway mucosa in a bi-compartmental in vitro model, where 
primary human cells are grown on a suspended membrane 
and fed initially from both apical and basal chambers. Once 
a monolayer is established, the cells are fed only from the 
basal chamber while the apical chamber is exposed to air.  
The air-liquid interface (ALI) model reproduces the in vivo 
distribution of the airway lining where the epithelial cells 
face the airway lumen, and the basal pole of the cells is 
attached to the filter membrane. The epithelial cells attach 
to the membrane and form a tight, polarized multilayer. The 
differentiated culture contains a heterogeneous population 
of basal, secretory and ciliated cells. It is this heterogeneous  
culture of cells growing in a more physiologically relevant 
manner that makes the B-ALITM System an ideal tool for the 
in vitro study of airway epithelium biology. This 3D model 
system more directly resembles the human airway com-
pared to traditional bronchial epithelial cell culture methods 
which should facilitate better experimental design and 
results.

Methods and Materials
Clonetics® Normal Human Tracheobronchial Epithelial Cells 
(NHBE) were screened for suitability in air-liquid interface 
culture. The screening protocol requires a short expansion 
mode in standard tissue culture conditions followed by airlift 
and differentiation on PET transwell inserts (Corning®, catalog 
number 3470). Cultures in both the growth and differentiation 

phase of culture were kept at 37oC in humidified, 5% CO2 and 
95% air. NHBE from Lonza (CC-2540) were thawed in  
B-ALITM Growth Medium on standard T-75 tissue culture flasks 
at a density of 500,000 live cells per flask. After 3 days in 
culture (Fig. 1A) cells were trypsinized and replated in B-ALITM 
Growth Medium on collagen-coated PET filter inserts at a 
density of 50,000 live cells/well (in 24-well filter plate format). 
Cells were fed for 3 more days with 100 µl B-ALITM Growth Me-
dium in the apical chamber and 500 µl in the basal chamber. 
By day 3 the NHBE monolayer was airlifted by removing the 
media from the apical chamber and feeding the cells only 
from the basal chamber with B-ALITM Differentiation Medium 
containing B-ALITM Inducer as per manufacturer instructions.

B-ALITM Bronchial Air Liquid Interface Media Kit,  
a Guaranteed 3D in vitro Model for Respiratory Research

Fig. 1. (A) NHBE phenotype by day 3 in expansion mode (non-coated tissue 
culture plastic, growth media; 10X); (B) 3D aspect of the apical pole of the 
confluent monolayer at the beginning of the airlift phase (10X).
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The differentiated phenotype of the cells was assessed 
between 7 and 30 days during airlift. For barrier function 
assessment, trans-epithelial electrical resistance (TEER) was 
measured at various time points using the EVOM Voltohm-
meter (World Precision Instruments, Sarasota, FL).  
Secretory phenotype was assessed by measuring mucin 
secretion using direct staining with Alcian Blue (8GX, MPBio-
logicals, catalog number 152624). Ciliogenesis was evaluated 
by the appearance of the β-tubulin marker using an  
anti-β-tubulin-FITC antibody, clone TUB2.1 (Sigma, catalog 
number 2043). Scanning electron microscope (SEM) pic-
tures were taken at M. E. Taylor Engineering Inc., Rockville, 
MD, 20855. Histological sections and confocal microscope 
pictures were taken in the Critical Care Medicine Depart-
ment Lab, Clinical Center, National Institutes of Health in 
Bethesda, Maryland.

Results and discussion 
Early passages of normal human tracheobronchiolar epitheli-
al cells (NHBE) will differentiate in vitro into airway epithelium 
and elicit the major functions of the in vivo human airway 
epithelium. The same functionality was reported by previous 
work.2 This report addresses the development of an accel-
erated growth and differentiation protocol using materials 
easily available, including pre-screened NHBE cells. Different 
lots of NHBE cells were screened for their ability to function 
in the ALI model system. Some lot-to-lot variation was  
noted, which is why Lonza provides B-ALITM Pre-screened 
Lots of NHBE cells (CC-2540). Pre-screened NHBE lots are 
available at no additional charge, and will be identified after 
calling technical support. A comparison of NHBE monolayer 
culture and airlift culture phenotype is shown in Fig. 1.

Confidence in the barrier function of these cells in airlift 
phase was supported by TEER readings (Fig. 2). The high 
resistance observed at both early (day 5) and late (day 29) 
times in ALI culture confirm that the cells form and maintain 
a tight barrier throughout the ALI culture period.

Immunofluorescence indicates strong expression of multiple 
tight junction proteins by NHBE cells when using the B-ALITM 
System, which demonstrates the establishment of polar-
ized epithelium. The fully differentiated cells in the air-liquid 
interface model offers the opportunity to expand those 
kinds of studies with simple and accessible endpoints, like 
assessment of structural tight junction protein integrity (e.g., 
ZO-1, occludin, cadherin, etc.) which can be easily disrupted 
by infective agents. Polarization is also confirmed by the 
appearance of intra-ciliary tubulin filaments within approxi-
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Fig. 2. The same lot of NHBE consistently express barrier function in 3 
different lots of B-ALITM Media.
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mately 20 days in culture (Figs. 3A and 3B). The amount of 
cilia is variable from donor to donor, but very obvious around 
20 days after airlift. Differentiated cultures will reach over 60 
- 70% cilia density. (Fig. 3C). A cross sectional analysis of the 
differentiated NHBE in ALI culture clearly reveals the cilia on 
the apical surface, a stratified cell layer and the filter surface 
(Fig. 3D). These cells are suitable for inhibition studies of the 
DUOX antimicrobial system after Pseudomonas bacterial 
infection1 or for viral infection studies such as with rhinovirus 
and respiratory syncytial virus, the latter of which injures 
ciliated cells.6, 8

Secreted airway surface liquid (ASL) is visible from the first 
week after ALI. ASL is a protective liquid film necessary for 
the mucociliary clearance; however, the correlation between 
ASL volume and composition and the mechanisms by which 
mucin secretion rate is controlled is still poorly understood.4 
Mucin secretion by NHBE cells in the B-ALITM System was veri-
fied by Alcian Blue Staining (Fig. 4) at day 20. Mucin produc-
tion requires PKC activation which suggests a possible use 
of the B-ALITM System for screening of PKC inhibitors.5 The 
amount and viscosity of the ASL varies from donor to donor, 

and it is easily sampled for multiple studies. The ASL con-
tains a mucus component, antibacterial agents like lysozyme 
and lactotransferrin, cell debris shed during differentiation, 
ectoenzymes, cytokines and signaling molecules.7 A recent 
proteomics study found that the ASL secreted by NHBEs in 
ALI culture is quite similar in protein composition to human 
sputum.3

The Clonetics® B-ALITM Bronchial Air Liquid Interface Medium  
BulletKit® provides scientists with a unique tool to investigate 
new areas of bronchial epithelial research in a more physi-
ologically relevant way. Some of these include gene therapy 
studies, host defense, gene expression analysis, preclini-
cal drug development including inhaled drug formulations, 
disease models, airborne toxicant studies, and bio-defense 
models. The B-ALITM BulletKit® promotes full differentiation of 
the airway epithelium expressed by the formation of a polar-
ized epithelium with good barrier function (transepithelial 
resistance), secretory phenotype (mucin secretion) and cili-
ogenesis. By using an air-liquid interface bronchial model, the 
next generation tool of in vitro respiratory research, scientists 
can explore bronchial epithelial cell differentiation and apply 
therapies in novel ways.
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Fig. 4. Mucin secretion; Alcian Blue staining, day 20; 10X.
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Fig. 3. (A) and (B) Emerging cilia assessed by SEM (day 20 after airlift). (C) 
β-tubulin staining, day 25 in ALI; 10X mag, fluorescent microscopy; (D) Mor-
phologic features of NHBE cells differentiated into mucociliary phenotype; 
histological preparation of a culture section (20X); (E) Tight junction proteins 
(ZO-1) and cilia (β-tubulin) are well developed 30 days after airlift.
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