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Diversity and the Splice of Life: Mapping the 17q12–21.1 Locus for
Variants Associated with Early-Onset Asthma in African
American Individuals

The introduction in 2005 of the genome-wide association study
(GWAS) ushered in an era of disease gene discovery at an
unprecedented pace and scale, touching every field in medicine. This
is certainly true for asthma, in which in fewer than 15 years, more
than 100 asthma risk loci have been identified, implicating a wide
range of previously unrecognized biologic processes to asthma
pathogenesis. Among the most notable is a common haplotype on
chromosome 17q12-2, which has emerged as the most consistently
reproducible locus for childhood asthma, conferring risk in
populations of varying geographic and ethnic origin (1, 2). Although
conferring substantive main effects, the locus also interacts with
key environmental factors, including tobacco smoke exposure, viral
respiratory illness, vitamin D, and others, establishing 17q21
among the most impactful asthma loci identified to date (3).

But how does this locus confer genetic risk? An inherent
limitation of GWASs is that the association often cannot be
narrowed to a specific disease-causing variant but rather to a broad
region of strong linkage disequilibrium (LD), where alleles at
multiple variants in close proximity to one another are highly
correlated. This is the case for the 17q21 locus, a region spanning
more than 100 kb, containing numerous highly correlated variants
that exhibit statistically similar association with asthma, and
containing multiple candidate genes. Which SNPs and genes are
most relevant?

A broad armamentarium of genomic and experimental
approaches has been called on to answer these questions. Expression
quantitative trait locus mapping found strong association of the risk
haplotype with increased expression of the following two 17q21
genes: ORMDL3 (ORMDL sphingolipid biosynthesis regulator 3)
and GSDMB (gasdermin B) (1, 4). Hierarchical functional fine
mapping employing multiple techniques identified a causal
functional variant (rs12936231) that increases ORMDL3 and
GSDMB expression by disrupting the binding of the insulator
protein CTCF (5). Chromatin immunoprecipitation sequencing (6)
and CpG methylation studies (7, 8) found that the risk haplotype
also confers broad epigenetic modification that contributes to the
regulation of both genes (and others), providing linkage to the
previously noted environmental factors.

Definitive evidence implicating both genes in asthma
pathogenesis came from transgenic mouse models developed by
David Broide. ORMDL3 transgenic mice spontaneously exhibit
physiologic and histologic features of asthma, including airway
hyperresponsiveness, airway smooth muscle hypertrophy, and
airway wall remodeling, all in the absence of airway inflammation
(9). ORMDL3 plays a role in several asthma-relevant biologic
processes, including intracellular calcium flux, the unfolded protein
response, and sphingolipid metabolism (10, 11).

What about GSDMB? Like the other five members of the
gasdermin family of pore-forming proteins, GSDMB is activated
after caspase-mediated cleavage and is a potent inducer of both
inflammatory cell death (pyroptosis) and extracellular inflammatory
cytokine release (11). Although GSDMB does not naturally exist in
mice, Broide’s group demonstrated that, like the ORMDL3 mouse,
mice expressing a human GSDMB transgene display airway
hyperresponsiveness and airway remodeling (12). Also like with
ORMDL3, these changes were observed in the absence of
accompanying airway inflammation. Though additional studies
suggested a role for TGF-b1 in promoting the noninflammatory
manifestations, the lack of airway inflammation this model, given
the prominent role of the gasdermins in inducing epithelial
inflammation, is curious. Why would this be so?

In this issue of the Journal, Gui and colleagues (pp. 424–436)
seem to provide an explanation (13). They took a fresh look at
the 17q21 locus by performing a comprehensive next-generation
DNA-sequencing association study in 5,630 African American
children. Genetic association studies in populations of African
ancestry, in which genetic diversity is much greater compared with
that observed in European populations (both in terms of the total
number of variants and the extent of LD), offer two important
advantages. First, the greater diversity in total variation ensures
that a larger number of variants will be discovered by sequencing,
with the potential of identifying novel disease-causing variants not
observed in European populations. More importantly, because LD
is considerably narrower in African American individuals, fine
mapping in this population can help isolate functional variants
to shorter DNA segments. Indeed, by using this approach, Gui
and colleagues found that the asthma association localized
most convincingly to a single variant (rs11078928) situated in a
consensus splice site of exon 6 of GSDMB (Figure 1). Although this
variant is also present in Europeans, the shorter LD in this African
American cohort around rs11078928 (4 kb) focused the association
with asthma more narrowly to this variant over others. Subsequent
peripheral blood RNA sequencing and expression quantitative trait
locus studies found rs11078928 to be associated with alternative
splicing of GSDMB, with the allele conferring lower asthma risk
(the protective “C” allele) associated with increased expression of
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a GSDMB isoform lacking exons 6 and 7 (isoform 2). Panganiban
and colleagues (14) previously found that this asthma-protective
C allele induces the skipping of exon 6 in human bronchial
epithelial cells and results in the production of a GSDMB protein
(isoform 1) that is resistant to caspase-mediated activation and
lacks pyroptotic activity. It is isoform 1 that was used to construct
the GSDMB transgenic mouse, providing the following
explanation for the absence of inflammation in that model: they
evaluated an isoform that does not promote inflammation. From
the totality of the evidence, two things are now clear. First, despite
being asthma-protective relative to other isoforms, increased
expression of GSDMB isoforms that lack pyroptotic potential
nonetheless promote the development of noninflammatory
airway manifestations of asthma, suggesting alternative GSDMB
functions. More importantly, however, they argue for the
evaluation of additional murine models that employ the GSDMB
isoforms associated with increased asthma risk (i.e., those
containing exon 6, whose expression is increased in the presence
of asthma risk alleles) to adequately assess the role of GSDMB in
asthma pathobiology.

In addition to furthering of our understanding of the
17q21 locus, Gui and colleagues offer two timely lessons. First,
they provide a glimpse of what is to come as we leverage the full
power of next-generation sequencing. The ability to assess all
genetic variation at genome scale promises to propel the use of
genetic approaches in pulmonary medicine to even greater heights
than those achieved by GWASs. Second, Gui and colleagues
remind us of the tremendous value of ethnic diversity in
population genetic research. Although race is a purely social (not
biologic) construct, divergent genealogical histories and mating
patterns have resulted in important differences in variant
distribution, allele frequency, and LD patterns. As shown here,
these differences can be leveraged to facilitate gene discovery.
Moreover, in a time when our society is attempting to confront the
ills of racial discrimination, including the ongoing racial disparities
in health care, it is imperative that future studies are more inclusive
to ensure that all peoples benefit equally in the postgenome
era. n
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Figure 1. The 17q21 asthma susceptibility locus. Depicted are the positions of known functional asthma susceptibility SNPs and key CTCF (CCCTC-
binding factor) binding sites and CpG methylation sites relative to the canonical exon/intron sequences of candidate genes at the 17q21 asthma
susceptibility locus, including the four translated isoforms of GSDMB (gasdermin-B). Transcript color corresponds with whether expression is increased
(orange), decreased (blue), or unchanged/unknown (gray) by asthma risk alleles. The dashed box denotes GSDMB exons 6 and 7, which are skipped in
the presence of the asthma-protective rs11078928-C allele. Hash marks denote regions of noncoding DNA omitted from the figure for formatting
purposes.
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Time to Revisit the Hospital Readmissions Reduction Program for
Patients Hospitalized for Chronic Obstructive Pulmonary
Disease Exacerbations

In 2008, a report from the U.S. Medicare Payment Advisory
Commission recommended incentives for hospitals to improve
hospital-to-home care transitions by publicly reporting readmission
rates and reducing payments to hospitals with relatively high
readmission rates (1). On March 23, 2010, the 111th Congress of the
United States passed the Patient Protection and Affordable Care Act
(often shortened to the “Affordable Care Act”) (2), which included
provisions to establish the Hospital Readmissions Reduction
Program (HRRP) within the Centers for Medicare and Medicaid
Services (CMS). The HRRP was designed to reduce healthcare costs
among Medicare fee-for-service beneficiaries 65 years or older while
simultaneously improving the quality of care by implementing
financial penalties for hospitals with greater than expected 30-day
hospital readmissions (3). In other words, HRRP is an effort to
promote high-value care by reducing healthcare costs and utilization.

Under the HRRP, hospitals with higher than expected readmissions
of patients recently hospitalized for heart failure, pneumonia, or
myocardial infarction received reducedMedicare reimbursements starting
in October 2012. Chronic obstructive pulmonary disease (COPD)
exacerbations were added to the list of HRRP penalty-sensitive
conditions in October 2014. Patients, front-line clinicians, and
administrators have raised concerns about the appropriateness of 30-day
readmissions as a quality measure for hospitals because hospital-based
care is only one of many factors that contribute to posthospital outcomes
(4). For example, limited access to high-quality posthospital care and

patients’ socioeconomic resources (e.g., social support, stable housing,
transportation, and food) also contribute to readmissions (5). In addition,
the published literature about how hospitals can safely prevent hospital
readmissions is limited and contradictory, the International Classification
of Diseases codes used for administrative purposes (e.g., reimbursement)
may not be sufficiently sensitive nor specific to reliably identify
hospitalizations for COPD exacerbations, and, perhaps most
importantly, it is unclear whether decreasing readmissions after a COPD
exacerbation leads to excess postdischarge mortality (6).

It is in this context that the study in this issue of the Journal by
Puebla Neira and colleagues (pp. 437–446) offers important new
information (7). Puebla Neira and colleagues conducted a
retrospective cohort study of Medicare fee-for-service beneficiaries age
65 years or older using administrative billing codes from over 4.5
million COPD hospitalizations from 2006 to 2017. In this population,
they report an all-cause in-hospital mortality rate of 3% and an all-
cause 30-day posthospital mortality rate of 5.3%. The authors report
the mean hospital-level risks of readmission and mortality after
hospital discharge in the following three periods: the
“preannouncement” period before the Affordable Care Act (December
2006–March 2010), the “announcement” period when the HRRP was
announced (April 2010 to August 2014), and the “implementation”
period when hospitalization for COPD exacerbation was added as a
penalty-sensitive HRRP condition (October 2014–November 2017).

Findings from the study by Puebla Neira and colleagues (see
Table 3 and Figure 3 in Reference 7) suggest that 30-day all-cause
hospital readmission rates dropped from 20.5% to 18.7% over the
11-year period from 2006 to 2017. Nearly all of the improvement in
30-day hospital readmissions among patients with an index
hospitalization for a COPD exacerbation occurred before the
inclusion of COPD in HRRP in October 2014, presumably because
changes in transitional care services from hospital-to-home for
patients hospitalized for heart failure, pneumonia, or myocardial
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