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Rationale: Conducting airways contain two major tissue compartments lined by 
epithelial cells: 1) the epithelium of trachea, bronchi and bronchioles and 2) submucosal 
glands (SMG), each with distinct functionalities. Little is known regarding the differences 
in transcriptional regulation controlling the specialized functions of these distinct 
epithelial lined compartments. The present study sought to identify unique gene 
expression patterns, bioprocesses and transcriptional networks critical for bronchiolar 
epithelial cells (Bron-Epi) and SMG differentiation and functions. 
 
Methods: We performed integrative analysis of RNA-seq on FACS-enriched Bron-Epi 
from airways of adult mice, RNA isolated from adult mouse SMG, and RNA microarrays 
from LCM isolated human conducting airway cells termed as Bron-Epi and SMG 
(PMCID:2633141). Tissue distribution analysis was used to measure the relative RNA 
expression abundance in mouse SMG and Bron-Epi. T-test was used to identify genes 
selectively expressed in the two compartments. Enriched functions and bioprocesses 
associated with the individual compartments were analyzed through Toppcluster 
comparison (https://toppcluster.cchmc.org/). Potential transcriptional regulatory 
networks and key regulators regulating SMG vs Bron-Epi were analyzed using Ingenuity 
Knowledgebase (Ingenuity, Inc). 
 
Results:  We identified genes highly and/or selectively expressed in Bron-Epi and SMG 
compartments. e.g., Pax1, Sox9, and Spdef were highly selectively expressed in SMG 
while Bmp4, Etv5 and Foxa2 were selectively expressed in Bron-Epi cells. Unique 
enriched functions associated with Bron-Epi including “glutathione metabolism”, “anion 
transport”, “bronchial epithelial secretion” while genes involved in “gland 
morphogenesis”, “mucin biosynthesis and glycosylation” were uniquely enriched in SMG.  
Upstream regulators analysis predicted that PAX, CEBPB, and CTNNB1 were activated 
during SMG cell differentiation while NOTCH1, RBPJ and HOXA10 were inhibited in 
SMG. Likewise, predicted core regulators of Bron-Epi differentiation and function 
include CEBPA, NOTCH1, PPARG, RORA and FOXA2. Interestingly, the analyses 
predict Notch1 signaling activation in Bron-Epi networks and its inhibition in SMG, 
indicating compartment-specific regulatory mechanisms involved in the two tissue 
compartments. Knowledge of the genetic programs regulating conducting airway 
epithelial cells and submucosal glands provide the framework to understand the 
pathogenesis of diseases impairing airway host defenses and mucociliary clearance 
including COPD and cystic fibrosis.   (Supported by R01HL105433, U01HL110964-
LRRC and U01HL110964-Lungmap).  


