
6. Pascoe CD, Seow CY, Hackett TL, Par�e PD, Donovan GM. Heterogeneity
of airway wall dimensions in humans: a critical determinant of lung
function in asthmatics and nonasthmatics. Am J Physiol Lung Cell Mol
Physiol 2017;312:L425–L431.

7. Brown RH, Togias A. Measurement of intraindividual airway tone
heterogeneity and its importance in asthma. J Appl Physiol (1985) 2016;
121:223–232.

8. Lutchen KR, Jensen A, Atileh H, Kaczka DW, Israel E, Suki B, et al.
Airway constriction pattern is a central component of asthma severity:
the role of deep inspirations. Am J Respir Crit Care Med 2001;164:
207–215.

9. Tzeng YS, Lutchen K, Albert M. The difference in ventilation heterogeneity
between asthmatic and healthy subjects quantified using hyperpolarized
3He MRI. J Appl Physiol (1985) 2009;106:813–822.

10. James AL, Donovan GM, Green FHY, Mauad T, Abramson MJ,
Cairncross A, et al. Heterogeneity of airway smooth muscle
remodelling in asthma. Am J Respir Crit Care Med 2022;207:452–460.

11. de Lange EE, Altes TA, Patrie JT, Battiston JJ, Juersivich AP, Mugler JP III,
et al. Changes in regional airflow obstruction over time in the lungs of

patients with asthma: evaluation with 3He MR imaging. Radiology 2009;
250:567–575.

12. Joseph C, Tatler AL. Pathobiology of airway remodeling in asthma:
the emerging role of integrins. J Asthma Allergy 2022;15:
595–610.

13. Jamieson RR, Stasiak SE, Polio SR, Augspurg RD, McCormick CA,
Ruberti JW, et al. Stiffening of the extracellular matrix is a sufficient
condition for airway hyperreactivity. J Appl Physiol (1985) 2021;130:
1635–1645.

14. Donovan GM, Elliot JG, Boser SR, Green FHY, James AL, Noble PB.
Patient-specific targeted bronchial thermoplasty: predictions of
improved outcomes with structure-guided treatment. J Appl Physiol
(1985) 2019;126:599–606.

15. Hall CS, Quirk JD, Goss CW, Lew D, Kozlowski J, Thomen RP, et al.
Single-session bronchial thermoplasty guided by 129Xe magnetic
resonance imaging: a pilot randomized controlled clinical trial. Am J
Respir Crit Care Med 2020;202:524–534.

Copyright © 2023 by the American Thoracic Society

Interplay between Immune and Airway Smooth Muscle Cells
in Obese Asthma

Increasing rates of obesity in children and adults have been associated
with the development of severe, difficult-to-control asthma (1).
Although some people with asthma and comorbid obesity have type
2–high disease, others experience airway disease associated with
insulin resistance and metabolic dysfunction, with little in the way of
type 2 inflammation. Asthma in obese people likely consists of many
different endotypes of disease, and earlier work by Rastogi and
colleagues identified a type of asthma in children with obesity
characterized by insulin resistance, augmented T-helper cell type 1
(Th1) function, and upregulation of a pathway related to the
Rho-family GTPase cell division cycle 42 (CDC42) in Th1 cells (2).
CDC42 is critical in actin cytoskeleton assembly and mediates
functions such as vesicle trafficking, orientation of receptors on the
cell surface, chemotaxis, and cell adhesion (3). Although the
observation of induction in this CDC42 pathway is fascinating, it
provides limited insights into how changes in Th1 cell function might
be linked to airway disease.

Clearly, airway reactivity is not simply mediated by T cells in
isolation; many other cell types are involved. In this context, earlier
work by Hakonarson and colleagues is relevant: Cooperative signaling
between human airway smoothmuscle (ASM) cells and T lymphocytes
mediated induction of proasthmatic changes in ASM (4). Furthermore,
Orfanos and colleagues identified hypercontractility of ASM cells
isolated from individuals with obesity (5), suggesting that ASM changes
could be involved in the asthma of obesity. However, the reasons for

ASM dysfunction in obesity are not known. In this issue of the Journal,
Yon and colleagues (pp. 461–474) set out to determine if perhaps there
could be a link between Th1 cell dysfunction and ASM dysfunction
that might provide insights into the pathogenesis of asthma in children
with obesity (6).

Yon and colleagues first studied Th1 cells, then the ASM cells,
and finally the interaction between these two cell types. The team used
Th1 cells from obese children with asthma that expressed high levels
of CDC42 and those from lean children that expressed very low levels
of CDC42. The Th1 cells were first stimulated in vitro with CD3-
CD28. The Th1 cells from obese children tended to have higher levels
of the integrin LFA-1 (lymphocyte function–associated antigen 1),
and migration in response to the ligand SDF-1 (stromal differentiation
factor 1) was independent of CDC42. Although CDC42 is a
biomarker identifying these cells, inhibition of this pathway did not
affect migration. The investigators also included Th1 cells from three
obese and three healthy-weight children without asthma as a control.
A higher proportion of T-helper cells from obese children with
asthma than from obese children without asthma migrated in
response to SDF-1. These data suggest there may be altered expression
of cell surface integrins and differences in chemotaxis responses
between Th1 cells isolated from lean and obese children that are
specific to obese asthma rather than just obesity.

The investigators then studied ASM from obese individuals
and lean individuals without asthma obtained from lungs not
suitable for transplant. The investigators found that cells from obese
individuals expressed higher levels of ICAM-1 (intercellular
adhesion molecule 1), the ligand for LFA-1 that mediates adherence
of immune cells to smooth muscle. This suggests that ASM from
obese individuals is more primed for adherence of immune cells
than ASM from lean individuals. Indeed, in coculture experiments,
Th1 cells from obese individuals with asthma adhered in greater
number to ASM isolated from obese individuals than Th1 cells from
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lean individuals with asthma adhered to ASM from lean individuals.
In addition, more Th1 cells from obese children with asthma (than
obese children without asthma) adhered to ASM isolated from
nonobese individuals. These data suggest enhanced interactions
between T cells and ASM in the setting of obese asthma.

The team then investigated the molecular consequences of these
enhanced interactions using total RNA sequencing and
phosphoproteomics to understand changes in gene expression and
protein modifications that might be involved in this phenotype of
obese asthma. The combination of obese Th1 cells from individuals
with asthma with obese ASMwas associated with increased
expression of genes and proteins involved in actin polymerization,
endocytosis, cytokine signaling, chromatin remodeling, protein
polymerization, and protein folding and decreased expression of
genes and proteins involved in extracellular matrix function, muscle
development, and carbohydrate metabolism. Effects on protein
modifications and extracellular matrix are particularly relevant
because obesity has been associated with changes in markers of
extracellular remodeling (7, 8), and obesity (not just obese asthma)
is associated with excessive dynamic airway collapse (9). These results
illustrate that it is not just changes in the Th1 cells and the ASM cells
individually but also likely the interaction between immune and
structural cells that changes key pathways to induce airway disease
related to obesity in children.

Although this was a small study, only 10 obese and 10 lean
children with asthma (from a cohort of Hispanic and African
American children aged 7–11 years with asthma), and focused only on
Th1 cells and ASM cells, it illustrates that to understand how obesity
affects the lung, we need to consider not just changes in the individual
cell types but also how these come together to produce changes in
system function. Obesity is not simply a physical impediment to lung
expansion. Obesity fundamentally alters homeostasis of every cell,
every cellular interaction, and every organ system. The paper by Yon
and colleagues is a critical step forward in elucidating how changes in
immune cell function and ASM exist in obesity and that the sum of
the individual cellular changes can interact to produce major changes
of relevance to the pathogenesis of airway disease in obesity. Future
studies need to investigate how these interactions change over time
and to unravel effects of obesity on other immune cells and structural
cells in the lung to piece together the complex symphony of changes
that contribute to altered airway function in obesity. Such studies are
likely to reveal fundamental biological insights into how changes in
subcellular metabolic function contribute to disease in the lung.�
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