Allergic Asthma Transforms Cells of the Airway
Less defense, fewer cilia and pathologic mucus

SEPTEMBER 02, 2020
DENVER — New research at National Jewish Health shows that allergic asthma fundamentally transforms the
human airway, reducing its ability to remove pollutants and fight infections. Interleukin-13, a major driver of allergic
asthma, weakened the airway’s immune defense, increased ‘pathologic’ mucus and slowed removal of air pollutants
and microorganisms.

By sequencing RNA of almost 2,000 individual cells in the airway, we were able to present a more nuanced view of the
pathology in the asthmatic airway,” said Max A. Seibold, PhD, associate professor of Pediatrics and the Center for
Genes, Environment & Health. “We found a dramatic reduction in airway defense, loss of ciliary function and a novel
secretory cell that produces a thick, adhesive mucus. This provides a mechanistic explanation for the increased
vulnerability of allergic asthmatics to respiratory infections that exacerbate disease.”
The signaling protein IL-13 is a hallmark driver of allergic asthma, also known as type 2-high or T2-high asthma, the
most common form of the disease. Dr. Seibold and his colleagues added IL-13 to cultures of airway epithelial cells
derived from the trachea of two human donors. They then applied a novel technology, single-cell RNA-sequencing, to
1,025 IL-13-stimulated cells and 869 cells that did not receive IL-13. Analysis of those RNA sequences allowed the
researchers to identify all the distinct cell types in the cultures and all active genes in each of those cell types.
The researchers found that the number of ciliated cells in the airways were reduced by 26 percent. Cilia are small hair
-like structures whose sweeping motion moves mucus laden with particles and microorganisms up the airway and
out of the body.
In addition, they found cells that normally secrete healthy mucus, various antioxidants and other defensive proteins
were transformed into a novel type that produces a thick, adhesive mucus containing few defensive proteins.
“The mucus was so thick that the remaining cilia beat more slowly and were ineffective at sweeping particles away,”
said Nathan Jackson, PhD, lead author of the paper published in Cell Reports. “These results show that IL-13
transforms the airway, reducing its ability to defend against infections that cause the vast majority of asthma
exacerbations.”
The researchers identified 980 unique proteins in the IL-13 stimulated cultures, which confirmed that the RNA was
indeed producing a dramatically altered mix of proteins. Also, the RNA sequenced in the cultured cells were strikingly
similar to RNA obtained from the nasal epithelium of 441 asthmatic children, providing additional evidence that RNA
sequences in the cell cultures accurately reflected processes occurring in airways of humans with allergic asthma.
The findings suggest potential therapeutic strategies to “reverse-remodel” the airway epithelium by targeting pathways
controlling the IL-13 induced mucus metaplasia and other pathologic cellular differentiation, as well as reversing the
transformative events underlying mucus obstruction and loss immunity.

National Jewish Health is the leading respiratory hospital in the nation. Founded 122 years ago as a nonprofit hospital,
National Jewish Health today is the only facility in the world dedicated exclusively to groundbreaking medical research and
treatment of patients with respiratory, cardiac, immune and related disorders. Patients and families come to National
Jewish Health from around the world to receive cutting-edge, comprehensive, coordinated care. To learn more, visit the
media resources page.
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