severe asthma. In their study, not surprisingly, high-dose ICS and
systemic corticosteroids were significantly associated with severe
asthma and low CC16 expression levels in BECs. Critically, adjusting
for ICS dose eliminated the association between CC16 concentrations
and asthma severity. The authors propose that this may be because
of overadjustment. However, it is difficult to untangle the influence
of ICS use in this study, which represents a major challenge in
translational asthma research in general. Studies of the effect of ICS on
BEC CC16 expression in normal individuals and in vitro BEC studies
would clarify and contextualize the findings of this publication. Finally,
the authors present CC16 as a nontraditional Th2 biomarker rather
than a negative T2 biomarker. If this is truly the case, then a better

understanding of its mechanistic contribution to asthma will be crucial.

Although Li and colleagues from SARP present a promising
airway biomarker, there are still important questions that need to be
addressed, including identifying the molecular mechanism of CC16
in asthma and the influence of corticosteroids on its utility as a
biomarker. However, the approach itself is an important illustration
of the path toward refined asthma endotypes. M
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3 A Few Bad Airways Can Wreak Havoc: Recognizing Asthma

as a Local Disorder

Stimulating airway smooth muscle (ASM) in an individual with
asthma can cause some airways to hyperconstrict in ways healthy
airways would not. Although several reasons could contribute to this,
there is unequivocal experimental evidence that the ASM
surrounding many asthmatic airways is thicker, and more so with
severe asthma (1). Starting with Lambert and colleagues (2) and
continued with increasing more morphometrically and three-
dimensionally consistent airway trees (3-5), computational models
consistently show that if one assumes maximum ASM force
generation scales proportionately with its thickness, the thickened
ASM found in asthmatic airways can lead to hyperresponsiveness.
The above, however, is inadequate to fully understand how lung
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function degrades during an asthma attack in a specific patient or

to guide optimal treatment strategies in a patient-specific fashion.
The percentage of ASM thickening is not the same everywhere, either
in large versus small airways or across airways of similar original
diameter throughout the lung or across subjects with a similar clinical
classification of asthma severity (6, 7).

Surely all airways do not constrict identically during an asthma
attack; ergo, heterogeneous constriction is a fundamental feature of
asthma (8, 9). In fact, this feature is the most important contributor
to the degradation of lung function that occurs during an attack
(3-5). Models predict that ASM thickening enhances the
heterogeneity of the resulting constriction (4). Hence, it would seem
useful to identify the precise locations of abnormal ASM thickening.
Stated another way, understanding the average constriction across all
airways is of limited value when conceptualizing more effective future
treatment methods. Rather, it is all about the anatomic origins of
heterogeneity. This last statement speaks to the heart of insights from
the new study by James and colleagues (pp. 452-460) in this issue of
the Journal (10).
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James and colleagues (10) meticulously measured the thickness
of the ASM for nine consecutive airway generations along three
distinct airway pathways in the lungs of subjects without asthma,
subjects with nonfatal asthma (NFA), and subjects with fatal asthma.
Each pathway progresses from larger (~9 mm diameter) to smaller
(~1 mm diameter) airways. The data allowed them to assess two
forms of heterogeneity in ASM thickening: longitudinal (e.g., large vs.
small) and spatially distributed heterogeneity (airways of similar
generations but distinctly different lung areas). They classified any
airway as having abnormal ASM thickness if the thickness was
2 Standard Deviation above the mean from a corresponding normal
airway. They found that subjects without asthma had little evidence of
thickening of their ASM on average or even in any individual airway
along any of the pathways. In contrast, subjects with NFA were far
more likely to possess at least one airway, and in many cases a few
airways, with highly thickened ASM along one or more pathways,
even though the mean ASM across all airways was often within the
normal range. Interestingly, they also found that about 20% of
subjects with NFA had abnormal thickening only in their small
airways. Most of the subjects with fatal asthma showed abnormal
thickening in the ASM of both one or more large and one or more
small airways and across all three pathways in almost all such
subjects. But, even here, averaging across all airways often dampened
evidence that there were always at least some individual airways along
a pathway with highly abnormal ASM thickness. They conclude that
using mean data to compare cases of asthma underestimates the
potential severity of disease due to ASM remodeling. This conclusion
inherently appreciates that it is the capacity to create heterogeneous
constriction that drives asthma severity for subjects with NFA and
that only a few airways along a pathway need to possess abnormally
thick ASM to accomplish this (i.e., many airways can be within the
normal range).

They also report that although there was no correlation of
abnormal ASM across airways of the same generation, along different
pathways there was some degree of correlation along adjacent
airways, suggesting that if an airway in each path had abnormal
ASM thickening it was more likely to find another airway close by
with the same.

James and colleagues did not report any functional data to
support their notion that assessing mean data only might depress
one’s sense of asthma clinical severity. But there are ample studies
that are consistent with this notion. Computational models have
shown that when a few airways hyperconstrict heterogeneously the
result is a dramatic degradation of lung mechanical function and
ventilation distribution in ways that may not at all be evident by
simply measuring the overall increase in airway resistance, which
reflects mean diameter reduction (3-5). To match measured
degradation in mechanics and ventilation distribution
simultaneously, Tgavalekos and colleagues (5) only had to
hyperconstrict a small percentage of small airways heterogeneously.
Constriction of only large airways could not replicate these
measurements. Imaging studies (9, 11) have shown that many
ventilation defects occur in similar anatomic locations in the same
subjects with asthma when imaged longitudinally in time, suggesting
elevated ASM thickness might be a local pathology.

Taken together, the study by James and colleagues
convincingly supports that asthma is more likely a consequence
of local airway abnormalities. James and colleagues showed
that more often than not subjects with moderate asthma have

Editorials

abnormal thickening in only a few airways, even while the mean
change in ASM thickness is not abnormal. Moreover, the

most abnormal airways were in different places from subject

to subject.

Regarding the origins of the abnormal ASM thickness, James
and colleagues note that many individuals with asthma may already
have abnormal ASM thickening at birth. But other factors throughout
life can locally elevate ASM around an airway. Inflammatory
mediators can upregulate both ASM and extracellular matrix (ECM)
remodeling (12), and it seems reasonable that inflammation would
not be identical throughout all airways. Similarly, elevated and
repeated ASM and airway tension can induce remodeling because of
mechanobiological factors upregulating growth factors (12). There is
no reason to believe these factors will impact all airways identically.
Finally, recent studies show that the ASM and ECM do not operate
independently and that stiffening of the ECM can actually amplify the
ability of the ASM to create an elevated and sustained force (13).
Thickening of the ASM and ECM remodeling could work in tandem
then to further create localized abnormalities causing heterogeneity
and asthma.

The study by James and colleagues continues the recent trend of
raising awareness that the pathological airway conditions in asthma
are likely local rather than evenly spread. Consequently, optimal
treatments might best target these local abnormalities. In principle,
bronchial thermoplasty (BT) could address this, if the clinician knew
in advance precisely which airways to target. But BT cannot yet get to
all the small airways that are important. Nevertheless, we should focus
on creative, perhaps hybrid (imaging plus delivery) methods to treat
individuals with asthma on a personalized basis, targeting the specific
locations in each individual subject that can create heterogeneity of
constriction pattern (14, 15). In sum, preventing or minimizing the
heterogeneity should be an explicit goal. M
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3Interplay 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).
CDCA42 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 smooth muscle (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
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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
Thl 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 Thl cells were first stimulated in vitro with CD3-
CD28. The Thl 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 Thl 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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