
PneumaCult™-NGEx Medium represents a major advancement in delivering robust, scalable, and physiologically relevant in vitro airway 
models because it: 

• enables extended passaging of HBECs while preserving basal cell morphology and marker expression

• supports HBEC differentiation into pseudostratified epithelium with functional marker expression in ALI cultures

• maintains TEER and CFTR activity in ALI cultures even at later passages

• is compatible with nasal and small airway epithelial cells and apical-in and apical-out airway organoid applications (data not shown)

Primary airway basal cells, when cultured and differentiated into mature epithelia in air-liquid interface (ALI) cultures and organoids, 
provide invaluable models for studying airway pathophysiology and for drug testing. However, current formulations of media can restrict 
the growth and differentiation potential of these cells, especially when working with limited cell numbers or precious samples obtained 
from nasal brushings or bronchial biopsies. To overcome this challenge, we developed PneumaCult™-NGEx. This optimized expansion 
medium enables robust passaging and biobanking of airway epithelial cells, making a significant advancement in both fundamental 
respiratory biology research and the development of cell-based therapies for airway and nasal pathologies, including cystic fibrosis, asthma, 
and viral infections.
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Human bronchial and nasal airway epithelial cells are expanded in PneumaCult™-NGEx Medium until 60 - 90% confluent then passaged. 
For downstream applications, cells can be seeded into cell culture inserts and differentiated using PneumaCult™-ALI. PneumaCult™-NGEx 
Medium is also compatible with PneumaCult™ Apical-Out Airway Organoid Medium (not shown).

FIGURE 1. Protocol for Culturing Cells in PneumaCult™-NGEx Medium

(A) Population doubling (PD) was measured after HBECs in the specified medium until senescence. HBECs expanded in PneumaCult™-NGEx 
increased by 20 PDs compared to the next best-performing expansion medium. Each data point represents the mean ± SD (n = 4 - 6 
donors). (B) After 21 days of culture, the cumulative cell number was 250X higher when cultured in PneumaCult™-NGEx compared to the 
average cell number in three alternate expansion media. (C) Representative brightfield images of commercially available HBECs cultured in 
PneumaCult™-NGEx (n = 4 - 6). Notably, cobblestone morphology and expected basal cell marker expression for KRT5 (green) and p63 (red) 
was observed in PneumaCult™-NGEx and was preserved until passage (P) 15. Cells were counterstained with DAPI. Scale bar = 100 µm. 
(D) Flow cytometry analysis of basal cell markers CD271 and CD49f revealed that HBECs expanded in PneumaCult™-NGEx retained their 
basal cell identity even with long-term passaging. Data represent the mean ± SD (n = 3 - 4 donors). In conclusion, the data demonstrated 
that PneumaCult™-NGEx promoted higher cumulative cell number and population doublings over long-term passaging.

FIGURE 2. PneumaCult™-NGEx Supports Enhanced Expansion of Human Bronchial Epithelial Basal Cells 
(HBECs) Through Extended Passaging

2D ALI Culture: Barrier function of ALI-differentiated airway cells was assessed by measuring transepithelial electrical resistance (TEER).

Fluorescence Staining: Expanded basal cells or differentiated 2D cultures were processed for whole-mount immunocytochemistry 
according to STEMCELL Technologies Inc. protocols ‘ICC Staining Protocol for Monolayer or Air-Liquid Interface Cultures’ and ‘Performing 
Immunocytochemical Staining of Epithelial Organoids’, respectively.

Bulk RNA Sequencing: RNA was collected from bronchial epithelial basal cells in expansion or ALI-differentiated cultures, and sequencing 
was performed on Illumina NextSeq 2000. Data was compared against primary ex vivo bronchial brushings from five donors from 
Hernandez-Cordero et al 2022 (GEO Reference GSE178807).

%
 C

D
27

1/
C

D
49

f 
D

o
u

b
le

 P
o

si
ti

ve

P3 - 5              P6 - 9         P10 - 12         P13 - 15 

 p
63

   
   

   
   

 K
RT

5 
   

   
Br

ig
ht

fi
el

d

Hernandez-Cordero et al. (2022) Am J Respir Crit Care Med. 206(2): 150–160.
References

Heatmap showing changes in the RNA levels of common 
expansion and differentiation markers in HBEC cultures 
expanded in PneumaCult™-Ex Plus or -NGEx, and 
differentiated with PneumaCult™-ALI. HBEC cultures were 
analyzed at passages 3 - 5 for PneumaCult™-Ex Plus or -NGEx, 
and at passages 10 - 12 for PneumaCult™-NGEx. Markers for 
ciliated, secretory, and ionocyte cells were upregulated in 
differentiated HBEC cultures, matching the in vivo human 
bronchial epithelium in published RNA-Seq datasets of 
non-cultured, ex vivo bronchial epithelium. This data 
demonstrated the transition of basal cell markers to specialized 
airway cell types, with PneumaCult™-NGEx supporting optimal 
gene expression levels that were maintained at higher 
passages. Columns represent the mean of 2 - 5 donors 
analyzed by bulk RNA-seq, and gene expression values are 
scaled by row.

FIGURE 4. Gene Expression Analysis of HBECs 
Cultured in PneumaCult™-NGEx Confirms the 
Presence of Key Airway Cell Types During 
Expansion and After Differentiation

HBECs were expanded in PneumaCult™-NGEx or other commercially available expansion media, followed by ≥ 28-day differentiation on cell 
culture inserts using PneumaCult™-ALI. Cells expanded in PneumaCult™-NGEx generated a thick, pseudostratified epithelium that 
expressed tight-junction marker ZO-1 (red), and both ciliated and secretory cell markers acetylated tubulin (AC-TUB; green), and mucin 5AC 
(MUC5AC; white), respectively. Nuclei were stained with DAPI (cyan) and only displayed in the orthogonal slices. Notably, even after several 
passages, these functional markers remained expressed up to passage 12 in NGEx-derived cultures (n = 4 - 6 donors). HBECs cultured in 
PneumaCult™-NGEx displayed the physiological morphology, relevant marker expression and function of human airway epithelium. Scale 
bars = 50 µm.

FIGURE 3. HBECs Expanded in PneumaCult™-NGEx Form Pseudostratified Epithelium with Expansive 
Cilia and Secretory Cell Expression After Differentiation with PneumaCult™-ALI

(A) At lower passages, transepithelial electrical resistance (TEER) was similar between HBECs cultured in any of the tested expansion media. 
However, at higher passages, only HBECs expanded in PneumaCult™-NGEx maintained TEER after differentiation. Data represent mean ± SD 
(n = 3 - 6 donors). (B) Ion channel activities for air-liquid interface (ALI) cultures at 28 days post-air-lift were characterized using HBECs 
expanded in PneumaCult™-NGEx. Cells were placed in Ussing Chambers and allowed to equilibrate to a baseline short-circuit current (ISC). 
Cells were then challenged with epithelial sodium channel (ENaC) blocker (Amiloride), cystic fibrosis transmembrane conductance regulator 
(CFTR) activators (IBMX + Forskolin), CFTR potentiator (Genestein), CFTR inhibitor 172 (CFTRinhib172), and then calcium-activated chloride 
channels activator (UTP). The change in ISC after adding IBMX + Forskolin was measured as the CFTR induction. The reduction in ISC after 
adding CFTRinhib172 was measured as the CFTR inhibition. (C) CFTR induction and inhibition were measured at early passages (P1 - 2) 
across all tested media, with no significant differences observed (mean ± SD, n = 2 - 3 donors). (D) CFTR function in 
PneumaCult™-NGEx-expanded HBECs gradually decreased with passaging, but remained detectable at later passages. Data represent mean 
± SD (n = 3 - 4 donors). These results demonstrated that PneumaCult™-NGEx supported the long-term expansion of HBECs while preserving 
epithelial barrier integrity and electrophysiological function in ALI cultures, including sustained CFTR activity at later passages.

FIGURE 5. PneumaCult™-NGEx Supports Epithelial Barrier Integrity and Electrophysiological Function in 
Differentiated ALI Cultures Even at Late Passages
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