
Editorials

Stress: A Possible Link between Genetics, Epigenetics,
and Childhood Asthma

According to the World Health Organization, approximately
235 million people suffer from asthma. Asthma is the most common
chronic disease in childhood and is influenced by societal factors (1).
Death related to asthma is more likely in countries with limited
resources. Puerto Rican children are particularly burdened, with over
three times the risk of asthma of non-Hispanic whites. It is likely that
both genetic and environmental factors contribute, but known
genetic variation accounts for only a small proportion of asthma
risk (2). The dominant host and environmental factors that increase
asthma risk in Puerto Rican children remain poorly understood.

Psychosocial stress has emerged as an important factor in
the pathogenesis of childhood asthma (3). Puerto Rico has a
high rate of homicide, resulting in increased exposure of Puerto
Rican children to violence, contributing to a high prevalence
of post-traumatic stress disorder (PTSD). Both PTSD and psy-
chosocial stress have been associated with increased asthma
morbidity, but mechanisms that link psychosocial stress and
childhood asthma remain elusive.

The genetic contribution to risk for developing PTSD is esti-
mated to be approximately 30% (4). ADCYAP1R1 encodes a
membrane receptor for pituitary adenylate cyclase–activating pep-
tide, and both are highly expressed in the hypothalamus and lim-
bic structures that are integral to the stress response. Genetic
variation of ADCYAP1R1 increases the risk of PTSD in women
(5), including those who experienced past childhood maltreatment
(6). The polymorphic variant associated with PTSD is located
within an estrogen-responsive element within ADCYAP1R1, of-
fering a potential explanation for the effects observed in females.
Although this association has not replicated in all cohorts (7),
genetic variation within ADCYAP1R1 provides a potential link
between host genetics and PTSD. In this volume of the Journal,
Chen and colleagues (pp. 584–588) report an association between
the same ADCYAP1R1 single-nucleotide polymorphism as iden-
tified in PTSD and childhood asthma in Puerto Ricans, providing
new insight into the stress–asthma connection (8). This finding
supports that ADCYAP1R1 is associated with airway disease,
but does not address how psychosocial stress modifies disease risk.

Epigenetic modifications, including methylation of CG cyto-
sines, are another potential contributory component to asthma risk.
Methylation patterns throughout the genome are essential for guid-
ing appropriate spatial and temporal expression of the transcrip-
tome. These patterns are established during gametogenesis and
early postfertilization development through a process of sequential
reprogramming that includes erasure and reestablishment (9).
Once originated, patterns of DNA methylation are transmitted
through somatic cell division and are thought to be stable. How-
ever, discoveries in cancer have shown that losses and gains in
site-specific DNA methylation occur despite the presumed stabil-
ity. Furthermore, these changes are highly relevant to disease etiol-
ogy (10). Other research has concurrently focused on populations
of individuals who experienced adverse early life conditions, and

linked this to increased risk for developing chronic disease as adults
(11). This is now referred to as the “early origins of adult disease”
hypothesis, and epigenetic mechanisms have been invoked as a po-
tential explanation. Studies in mice support that early-life exposures
can modify epigenetic marks and alter severity of allergic airway
disease (12). Chen and colleagues considered whether alteration in
epigenetic programming of ADCYAP1R1 was associated with risk
of childhood asthma.

Associations between altered methylation at specific candidate
genes and risk of asthma have previously been reported, and stress
is known to induce changes inmethylation in both animalmodels and
humans. Chen and colleagues have for the first time demonstrated
that these relationships are intertwined. They found that increased
methylation of a single CpG in the ADCYAP1R1 promoter is as-
sociated with increased risk of asthma, particularly in children who
were exposed to violence (8). The implications of these findings
suggest that exposure to trauma in childhood specifically changed
ADCYAP1R1 methylation that, in turn, alters transcriptional regu-
lation of this gene in a manner that increases asthma risk. These
observations also suggest that the early life environment could both
have a lasting impact on development of complex disease and re-
program subsequent biological response to physiological stress.

Plausibility for exposure to stress impacting DNAmethylation
and long-term phenotypic consequences comes from previous
studies in rats. Rat pups exposed to low levels of maternal nurtur-
ing show higher cytosine methylation of a single CpG site in the
glucocorticoid receptor promoter as compared with low methyla-
tion of the same CpG in pups receiving high levels of maternal
care. This change occurs in the hippocampus (13) and shapes
lifelong patterns of stress response in the pups.

Although the observations by Chen and colleagues are novel,
results should be interpreted with some caution. DNAmethylation
levels were measured in white blood cells, leaving unanswered the
relevance of this finding to the affected tissue. It also remains un-
clear whether altered methylation is cause or consequence. One
possibility is that altered methylation results from skewing of epi-
genetic reprogramming during embryonic development, prior to tis-
sue differentiation. If so, it is conceivable that the shifted pattern
would be evident in many tissues due to somatic heritability of
DNA methylation patterns. The methylation change could thus
be considered as contributing to potentiation of the stress response
and PTSD, increasing asthma risk. Although not supported by cur-
rent evidence, another possibility is that a methylation profile shift
occurred in response to stress and that this change both is present in
a sufficient number of blood cells to enable detection and simulta-
neously occurred in the relevant affected tissues. Prospective studies
would help resolve these possibilities.Also unclear is whether or not
the reported changes in genetic variation or CpG methylation are
functionally relevant, resulting in altered gene expression. Replica-
tion studies in additional cohorts are needed to bolster these results.

Despite the limitations, findings reported by Chen and col-
leagues provide novel insight into the complex relationship between
the external environment and host factors that regulate pathogen-
esis of childhood asthma. The results suggest that both epigenetic
and genetic alterations in ADCYAP1R1 link psychosocial stress to
childhood asthma. Studies focused on the complex relationship be-
tween common environmental exposures, epigenetic programming,
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and host genetics will likely provide additional insight into the path-
ogenesis of childhood asthma.

Author disclosures are available with the text of this article at www.atsjournals.org.

Susan K. Murphy, Ph.D.
Departments of Obstetrics & Gynecology and Pathology
Duke University Medical Center
Durham, North Carolina

John W. Hollingsworth, M.D.
Departments of Medicine and Immunology
Duke University Medical Center
Durham, North Carolina

References

1. Williams DR, Sternthal M, Wright RJ. Social determinants: taking the

social context of asthma seriously. Pediatrics 2009;123:S174–S184.

2. Ober C, Yao TC. The genetics of asthma and allergic disease: a 21st

century perspective. Immunol Rev 2011;242:10–30.

3. Wright RJ, Rodriguez M, Cohen S. Review of psychosocial stress and asthma:

an integrated biopsychosocial approach. Thorax 1998;53:1066–1074.

4. True WR, Rice J, Eisen SA, Heath AC, Goldberg J, Lyons MJ, Nowak J.

A twin study of genetic and environmental contributions to liability for

posttraumatic stress symptoms. Arch Gen Psychiatry 1993;50:257–264.

5. Ressler KJ, Mercer KB, Bradley B, Jovanovic T, Mahan A, Kerley K,

Norrholm SD, Kilaru V, Smith AK, Myers AJ, et al. Post-traumatic

stress disorder is associated with PACAP and the PAC1 receptor.

Nature 2011;470:492–497.

6. Uddin M, Chang SC, Zhang C, Ressler K, Mercer KB, Galea S, Keyes KM,

McLaughlin KA, Wildman DE, Aiello AE, et al. Adcyap1r1 genotype,

posttraumatic stress disorder, and depression among women exposed to

childhood maltreatment. Depress Anxiety (In press)

7. Chang SC, Xie P, Anton RF, De Vivo I, Farrer LA, Kranzler HR, Oslin

D, Purcell SM, Roberts AL, Smoller JW, et al. No association between

ADCYAP1R1 and post-traumatic stress disorder in two independent

samples. Mol Psychiatry 2012;17:239–241.

8. Chen W, Boutaoui N, Brehm JM, Han Y-Y, Schmitz C, Cressley A,

Acosta-Pérez E, Alvarez M, Colón-Semidey A, Baccarelli AA, et al.

ADCYAP1R1 and asthma in Puerto Rican children. Am J Respir Crit

Care Med 2013;187:584–588.

9. Seisenberger S, Peat JR, Hore TA, Santos F, Dean W, Reik W. Reprogram-

ming DNAmethylation in the mammalian life cycle: building and breaking

epigenetic barriers. Philos Trans R Soc Lond B Biol Sci 2013;368:20110330.

10. Dawson MA, Kouzarides T. Cancer epigenetics: from mechanism to

therapy. Cell 2012;150:12–27.

11. Barker DJ. The foetal and infant origins of inequalities in health in

Britain. J Public Health Med 1991;13:64–68.

12. Hollingsworth JW, Maruoka S, Boon K, Garantziotis S, Li Z, Tomfohr J,

Bailey N, Potts EN, Whitehead G, Brass DM, et al. In utero supple-

mentation with methyl donors enhances allergic airway disease in

mice. J Clin Invest 2008;118:3462–3469.

13. Weaver IC, Szyf M, Meaney MJ. From maternal care to gene expression:

DNA methylation and the maternal programming of stress responses.

Endocr Res 2002;28:699.

Copyright ª 2013 by the American Thoracic Society

DOI: 10.1164/rccm.201301-0178ED

T-Cell Immunotherapy in Cystic Fibrosis
Weighing the Risk/Reward

Cystic fibrosis (CF) is an autosomal recessive disorder resulting
in abnormalities of the protein known as the cystic fibrosis trans-
membrane conductance regulator (CFTR). There are numerous
gene mutations that cause cystic fibrosis, the most common de-
fect being deltaF508, named for its deletion of three nucleotides
resulting in the absence of phenylalanine at codon 508 (1). Indi-
viduals with CF have alterations in airway surface liquid and
impairment of mucociliary clearance leading to chronic airway
infection and inflammation. Pulmonary infection and inflamma-
tion lead to a progressive decline in lung function, and death is
most often a result of respiratory failure (2). A complex rela-
tionship exists between infection and immunity in the CF lung,
with patients experiencing an exaggerated immune response. This
response includes excessive airway neutrophilia and submucosal
lymphocytosis. There is an emerging role for adaptive immunity
in CF with the discovery that sputum of patients with CF has
increased levels of T-helper 17 (Th17) cell–associated cytokines,
IL-17 and IL-23. In addition, IL-17–producing cells are present in
the airway submucosa (3).

Common infectious pathogens in patients with CF include
Pseudomonas aeruginosa and Aspergillus fumigatus. P. aeruginosa
infection occurs at an early age in CF and results in a more rapid
decline in lung function and decreased survival (4–6). There are
multiple methods by which P. aeruginosa evades the immune
system, contributing to its virulence. A. fumigatus is a fungal path-
ogen isolated from sputum of patients with CF, and observational
studies suggest increased prevalence in patients using chronic in-
haled antibiotics (7, 8). Patients can either be colonized with
A. fumigatus or develop an immune-mediated hypersensitivity
to Aspergillus, known as allergic bronchopulmonary aspergillosis
(ABPA). The impact of A. fumigatus colonization remains un-
clear, although a recent pilot randomized control study found that

itraconazole treatment did not provide any clinical benefits (9).
ABPA is associated with a decline in lung function (10). There
may be potential benefit from early intervention against
these pathogens, either through the use of antimicrobials or
immunomodulators.

In this issue of the Journal, two articles address the role of
IL-17 and Th17 cells in the CF lung. Tiringer and colleagues
(pp. 621–629) examined T-cell cytokine profiles in bronchoal-
veolar lavage fluid and lung explants from patients with CF and
control subjects (11). This study shows that IL-17 (a Th17 cy-
tokine) and IL-5 and IL-13 (Th2 cytokines) are increased in
patients with CF undergoing exacerbation versus stable CF.
These cytokines positively correlated with high-resolution com-
puted tomography radiographic changes. Further, IL-17 levels
negatively correlated with FEV1, suggesting that elevated Th17
presence in CF is related to declining lung function. Data from
this study are in agreement with early work that showed elevated
IL-17 in early CF (median age 1.7 years), which was further
increased in established CF (median age 9.3 years) (12). Tiringer
and colleagues also report increased IL-171 staining T cells sim-
ilar to the recent observation of elevated CD41 Th17 cells and
gdT cells in both the lung and lymph nodes of patients with CF
(12, 13). Interestingly, elevated IL-17 was predictive of future
acquisition of P. aeruginosa infection. IL-17 has been previously
shown to be elevated in patients with CF who have ongoing
P. aeruginosa infection, and IL-17 was reduced by antibiotic treat-
ment (14). The reasons for elevated IL-17 prior to P. aeruginosa
colonization are unclear. Classically, the onset of P. aeruginosa
infection in CF has been temporally linked to viral infection (15,
16). Further, Staphylococcus aureus infection, a known inducer of
IL-17, often precedes P. aeruginosa in CF (17, 18). It is possible
that IL-17 elicited in response to other pathogens in the CF lung
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