
decline in lung function than non-Hispanic whites. Am J Respir Crit

Care Med 2011;184:1254–1260.

16. Torgerson DG, Ampleford EJ, Chiu GY, Gauderman WJ, Gignoux CR,

Graves PE, Himes BE, Levin AM, Mathias RA, Hancock DB, et al.

Meta-analysis of genome-wide association studies of asthma in ethni-

cally diverse North American populations. Nat Genet 2011;43:887–892.

17. Rosas-Salazar C, Apter AJ, Canino G, Celedón JC. Health literacy and

asthma. J Allergy Clin Immunol 2012;129:935–942.

18. Fritz GK, McQuaid EL, Kopel SJ, Seifer R, Klein RB, Mitchell DK,

Esteban CA, Rodriguez-Santana J, Colon A, Alvarez M, et al. Ethnic

differences in perception of lung function: a factor in pediatric asthma

disparities? Am J Respir Crit Care Med 2010;182:12–18.

19. Wu AC, Smith L, Bokhour B, Hohman KH, Lieu TA. Racial/ethnic var-

iation in parent perceptions of asthma. Ambul Pediatr 2008;8:89–97.

20. Fox P, Porter PG, Lob SH, Boer JH, Rocha DA, Adelson JW. Improving

asthma-related health outcomes among low-income, multiethnic, school-

aged children: results of a demonstration project that combined contin-

uous quality improvement and community health worker strategies.

Pediatrics 2007;120:e902–e911.

21. Cloutier MM, Jones GA, Hinckson V, Wakefield DB. Effectiveness of an

asthma management program in reducing disparities in care in urban

children. Ann Allergy Asthma Immunol 2008;100:545–550.

22. Bailey EJ, Cates CJ, Kruske SG, Morris PS, Brown N, Chang AB. Culture-

specific programs for children and adults from minority groups who

have asthma. Cochrane Database Syst Rev 2009;CD006580.

Copyright ª 2012 by the American Thoracic Society

DOI: 10.1164/rccm.201202-0350ED

More Muscle in Asthma, but Where Did It Come From?

The airway wall of individuals with asthma displays prominent
structural changes including the following: areas of epithelial
loss, the presence of intraepithelial eosinophils, goblet cell meta-
plasia, subepithelial reticular basement membrane thickening,
increased vascularity, and inflammatory cell infiltration of the
subepithelial connective tissue. Thickened layers of airway smooth
muscle (ASM) lie closer to the epithelium (1, 2). ASMhyperplasia
is more prominent in severe asthma. Hypertrophy of ASM in
proximal airways has been reported in biopsy (1) and in post
mortem studies (3), but is not always observed (4). These struc-
tural changes continue to intrigue those active in asthma re-
search, because they are linked to airway hyperresponsiveness,
fixed airway obstruction, and loss of bronchodilator response
to deep inspiration. However, the nature and extent of these
functional impacts on asthma severity is still debated, as evi-
dence is limited to inferences from correlative studies.

The article by James and colleagues in this issue of the Journal
(pp. 1058–1064) comprises the largest systematic structural in-
vestigation of post mortem airways in asthma (5). The consoli-
dation of data from multiple centers required careful analysis of
potential systematic differences, as fixation, sampling, and spec-
imen availability differed between some of the collaborating
centers. The investigators used a stereological approach to focus
on the volume occupied by ASM and the composition of this
volume: the numerical density of ASM, the size of ASM, and
the volume of extracellular matrix (ECM) within the ASM layer.
Tissue was stained with Masson’s trichrome on thin 0.5-mm sec-
tions to estimate areas occupied by ECM or ASM cells, and
hematoxylin was used for thick 30-mm sections analyzed using
an optical disector to estimate the numerical density of ASM
cells. Although the presence of a thickened ASM layer in indi-
viduals with asthma is uncontroversial, the reasons for it are still
contested, with hyperplasia, hypertrophy, and ECM expansion all
thought to contribute. James and coworkers report that ASM
hypertrophy in nonfatal and fatal asthma is evident in more prox-
imal airways, whereas hyperplasia is detected in all airways of
fatal asthma, but is limited to proximal airways of nonfatal asthma.
The hypertrophic response is modest by comparison with the
increase in ASM number. The volume of ECM in fatal asthma
is greater than either the nonfatal asthma or the control groups,
but the fractional area occupied by ECM declined significantly
in fatal asthma. This decline is interesting in light of recent
studies showing that ECM can be remodeled by ASM to markedly

reduced volumes and much tighter fibril packing by processes
that are not inhibited by b2-adrenoceptor agonists agents or
glucocorticoids (6, 7). Whether the ECM density (i.e., dehydrated
weight/volume) is increased in fatal asthma remains to be estab-
lished. Collectively, the findings of James and colleagues sug-
gest that hyperplasia, rather than either hypertrophy or ECM
expansion, is the dominant reason for the increase in ASM
volume.

The principal conclusion of James and coworkers is that there
is little effect of asthma duration on the extent of smooth muscle
layer thickening (5). Analysis of asthma severity did not reveal
further significant associations beyond those identified by com-
parison of fatal and nonfatal cases. The apparent lack of effect
of asthma duration on the extent of airway remodeling is con-
sistent with a number of studies suggesting that remodeling is an
early event in the natural history of asthma. ASM hyperplasia
has been reported in biopsies of children with asthma of short
duration (8), as has reticular basement membrane thickening
(9). When is the formative period for the ASM hyperplasia,
and remodeling more generally? How dynamic are these pro-
cesses throughout the course of asthma in different patient pop-
ulations? Is severe pediatric asthma characterized, not only by
different drivers of inflammation (10), but also distinct pro-
cesses of remodeling? Indeed, the findings of James and col-
leagues are not inconsistent with the notion of “premodeling”:
that the defect in smooth muscle may precede diagnosable
asthma, and perhaps even precede the onset of airway inflam-
mation (9). There is circumstantial evidence that ASM hyper-
plasia constitutes a response to inflammation. Airway smooth
muscle in culture is stimulated to proliferate by a diverse set of
inflammatory mediators present in asthma. Moreover, induction
of inflammation in mice, rats, guinea pigs, and nonhuman pri-
mates is sufficient to induce airway smooth muscle hyperplasia
and many of the other features of airway wall remodeling (11).
Based on these findings, we would expect to observe evidence
of dynamic remodeling in inflamed airways. Work in animal
models of inflammation-induced airway remodeling demon-
strates an increase in the fraction of ASM within the airway
showing markers of cell cycle progression (i.e., proliferation).
However, several studies have reported that ASM cells of indi-
viduals with severe asthma do not show increased frequency of
expression of cell cycle progression markers, such as cyclin D1
and proliferating cell nuclear antigen (PCNA) in post mortem
specimens (12), or in biopsies, measuring either cyclin D1 (2) or
Ki67 (13). A more recent biopsy study reports increases in Ki67
and proliferating cell nuclear antigen frequency in severe
asthma (14). Although there is clearly a need for further studies
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to address the extent to which remodeling is stable or dynamic,
the apparent stability of the ASM population and the relative
lack of impact of asthma duration on ASM thickening add fur-
ther weight to the case that the ASM hyperplasia is an early-life
event. Although b2-adrenoceptor agonists and glucocorticoids
attenuate smooth muscle proliferation under some conditions
in vitro (15), if the active phase of remodeling is early in life,
possibly before asthma is diagnosed, then treatment may not be
commenced in time to prevent the ASM component of the remod-
eling. If such changes are not dynamic in established asthma, then
later treatment may also have little impact.

IfASMhyperplasia is established early in the course of asthma,
or even before its diagnosis, then approaches to therapeutic tar-
geting of ASM need to reflect different opportunities and a better
understanding of the origins of hyperplastic ASM (Figure 1).
Recent models of functional consequences of airway remodeling,
incorporating a more sophisticated appreciation of airway geom-
etry and biomechanics, predict, like earlier models, that more
ASM hyperplasia would lead to airway hyperresponsiveness (16).
However, the extent of the impact is dependent on the relative
abundance of contractile and synthetic phenotype of ASM cells
comprising the hyperplastic ASM. There is emerging evidence
of regional heterogeneity in ASM cell expression of markers of
ASM phenotype, such as the regulator of G-protein signaling
(RGS4), which is elevated in severe asthma, expressed in cells
at the periphery of ASM bundles, and marks a noncontractile,
proliferative ASM phenotype (17). There is also increasing inter-
est in cytoskeletal elements within the ASM cells that contribute
to cell stiffness (18) independently of acto-myosin filament–
mediated smooth muscle shortening. The phenotypic/cytoskeletal

changes in ASM may provide alternative and more tractable
opportunities for drug targeting than does ASM hyperplasia.
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The Microbiota in Respiratory Disease

Evidence derived from culture-independent approaches has
revealed that the lungs, which were previously considered a
sterile microenvironment during health, contain microbial popu-
lations. Furthermore, using these culture-independent methodol-
ogies, we are now beginning to appreciate that diseased lungs can
harbor microbial communities that may contribute to disease
pathogenesis and progression. The study by Sze and colleagues
(1) in this issue of the Journal (pp. 1073–1080) follows those
by Hilty and colleagues (2), Erb-Downward and colleagues (3),
Huang and colleagues (4), and Charlson and colleagues (5) and
continues to expand our nascent understanding of the composi-
tion of the pulmonary microbiome. Remarkably, despite enormous
differences in technical execution and data analysis methodology,
the results of the study by Sze and coworkers are generally con-
sistent with previously published reports (2–5). These studies uti-
lized bronchial brushings, bronchoalveolar lavage specimens,
endotracheal aspirates, and lung tissue derived aseptically from
lung explants, whereas Sze and colleagues are the first to report
analyzing the microbiome in lung tissue biopsies. Of particular
interest is that, despite technical differences, the study by Sze and
coworkers is consistent with the studies by Erb-Downward and
colleagues in concluding that Global Initiative for Chronic Ob-
structive Lung Disease 4 chronic obstructive pulmonary disease
(COPD) lungs have a different microbiome than nonsmokers or
healthy smokers. Sze and colleagues also directly compare the
COPD lung to the cystic fibrosis lung to demonstrate microbiome
differences between these lung diseases. These findings are also
consistent with the previously published individual culture-
independent studies of the cystic fibrosis lung microbiome and
COPD microbiome, not to mention consistent with older
culture-based studies that highlight differences in the microbi-
ology of these two respiratory diseases.

The most significant differences between the current and pre-
vious studies are in the technical and computational approaches
used. Due to the low target DNA content of their samples, the
investigators deviated from the methods accepted by the Human

Microbiome Project (HMP) (http://www.hmpdacc.org/doc/HMP_
MDG_454_16S_Protocol_V4_2_102109.pdf) and utilized a nested
polymerase chain reaction approach with extremely high cycle
numbers. The HMP avoided the use of nested polymerase chain
reaction in its analyses because, under the conditions required for
this approach, even a sterile water control can appear to have
a significant bacterial community. Sze and colleagues present
a control in their analysis (given the cycling conditions, the simple
subtraction of a low background, as is used in most studies, would
not suffice), so that it can clearly be seen that the artifact “com-
munity” of the water is different from the bacterial community
of the of the lung tissue biopsies. From the raw sequences, the
authors analyze the data partially by using a well-established
method for 16S data analysis (for the purposes of sequence clas-
sification) (6) and by also using a much less vetted method for
clustering of the sequences into operational taxonomic units (7).
Exactly how these differences in methodology will affect 16S data
analysis remains unclear. It would be interesting and important to
see a head-to-head comparison of these operational taxonomic
unit calling methods in future publications.

However, despite the many reasons that there should be dif-
ferences between this current study and those that have come
before, it is important to note that there is broad agreement
in results, i.e., diseased lungs harbor microbial communities that
differ from those of healthy individuals. The impact of these mi-
crobial differences is still far from understood, but the potential
for providing novel insights into the pathophysiology of respira-
tory disease is promising.
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