
the animal models are to the KRT8hi cells in IPF should be
assessed. We must also determine whether AECs permanently
arrest or just pause in the early differentiation state, and whether
a failure of KRT8 downregulation is causally related to this. Finally,
although we propose that persistence of the early differentiation state
may represent the ineffectual epithelial regeneration that is widely
believed to promote fibrogenesis, whether KRT8/KRT18hi

AEC2s activate fibroblasts should also be examined. During the
preparation of this work, an unpublished preprint reported the
emergence of a transitional Krt8/Krt18hi, TGF-b–activated state after
lung injury induced by bleomycin (10), which is strikingly similar to the
TGF-b–activated Krt8/Krt18hi transitional cell state we previously
identified in the LPS model (4). The upregulation of TNF, MYCN, and
NRF2 target genes reported in the bleomycin model was also observed
in the LPS model (4). Although bleomycin induces fibrosis, the fibrosis
eventually resolves and late differentiation, with Krt8/Krt18
downregulation and TGF-b deactivation, ensues (10).

The mechanisms underlying AEC2-to-AEC1 differentiation
during physiologic regeneration and the manner in which alveolar
regeneration may go awry during the pathogenesis of fibrosis have
remained fundamental unanswered questions in the field. Here,
we demonstrate that physiologic AEC2-to-AEC1 differentiation
proceeds via an early differentiation state characterized by TGF-
b–dependent KRT8/KRT18 upregulation and a late differentiation
state characterized by TGF-b deactivation and KRT8/KRT18
downregulation. This regenerative lineage trajectory appears to be
conserved in three injury models, which is a significant finding with
therapeutic implications. However, in fibrosis, likely owing to
persistent TGF-b activation, regenerating AEC2s persist in the
KRT8/KRT18hi early differentiation state. These findings may
ultimately lead to novel therapies to promote physiologic
regeneration and suppress fibrogenesis in IPF. n
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Asthma and Obstructive Sleep Apnea: Taking It
to Heart

To the Editor:

In a recent article, Prasad and colleagues eloquently consolidated
the current evidence regarding the bidirectional interaction
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between asthma and obstructive sleep apnea (OSA) (1). However,
to develop a personalized approach toward the treatment of
comorbid pulmonary diseases with systemic spillover of inflammation
(1), we have to appreciate their cardiovascular interactions (2).
Because the cardiovascular impact of OSA and chronic obstructive
pulmonary disease is relatively well described (2), a brief
discussion with regard to asthma and cardiovascular disease (CVD) is
warranted.

A recent large retrospective cohort of patients admitted toNational
Health Service hospitals in the United Kingdom reported a strong and
independent association of asthma, chronic obstructive pulmonary
disease, and interstitial lung disease with CVD (3). Asthma was
independently associated with ischemic heart disease, and heart failure
(hazard ratio, 1.81; 95% confidence interval, 1.75–1.87) and ischemic
heart disease (hazard ratio, 1.04; 95% confidence interval, 1.01–1.07)
were among the variables that were independently associated with
mortality in patients with asthma (3). In another large study, late‐onset
asthma, diagnosed at age >18 years, was associated with an increased
risk of incident CVD events after adjustment for age, sex, and CVD
risk factors (4). In a biracial, community-based, long-term
investigation of risk factors and natural history of CVD, young adults
with a history of asthma were found to have a significantly greater risk
of increased left ventricular mass index independently of other major
cardiovascular risk factors (5).

Many similarities exist between the biochemical and cellular
pathways of cardiac and pulmonary fibrosis (6). As we read the
article by Prasad and colleagues and appreciate the multifaceted
overlap between asthma and OSA, we have to remind ourselves of
the current evidence and knowledge gaps regarding
cardiopulmonary interactions in asthma to help improve risk
stratification, devise precise management strategies, and identify
novel therapeutic targets. n
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Reply to Mehmood

From the Authors:

We appreciate the point made by Dr. Mehmood in his letter with
regard to our review of the evidence supporting the overlap between
asthma and obstructive sleep apnea (OSA) (1). Several reviews
on this topic have been published over time, presenting multiple
putative pathways whereby asthma and OSA could interact (2–5).
Among them, the role of cardiopulmonary interactions in
this relationship was brought forward more than a decade ago
(2, 4). Since then, much of the evidence has remained at the
epidemiologic, database level, as referenced in the letter, with a
lack of evidence from well-characterized patients or experimental
studies. Furthermore, none of the cited epidemiologic studies that
focused on individuals with asthma included OSA in their
analyses (6–8), even though objective, standard laboratory-based
sleep data were readily available (8). This raises several questions:
1) does OSA independently modulate the interaction of asthma
with cardiovascular disease, 2) is there any bidirectionality in the
relationship of asthma with cardiovascular disease, and 3) what
are the underlying pathways?

The a priori set goal of our review was to focus on
mechanisms for which multiple lines of evidence (epidemiologic,
clinical, and experimental) have amassed, as detailed for each
direction of the relationship (1). Although many other
mechanisms (3, 4), including cardiopulmonary interactions,
may play a role in the asthma–OSA relationship, in our
opinion, the underlying mechanism (or mechanisms)
remains to be identified by testing in clinical and experimental
studies. n
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