
and may provide a explanation for the reductions in lung func-
tion observed with reduced serum 25(OH)D, both in asthma and
in populations without asthma (15). Until the various hypothe-
ses raised by this work are refined and tested further, we are left
concluding that vitamin D status is an easily measurable and
correctable clinical state that might have direct bearing on im-
portant clinical parameters such as lung function, bronchodila-
tor responsiveness, and airway hyperresponsiveness, in part via
effects on ASM. The inclusion of appropriate surrogate clinical
outcomes and translational mechanistic aims into ongoing and
future clinical vitamin D supplementation trials in asthma is an
opportunity to determine if this is the case.
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Ambient Particulate Air Pollution, Environmental
Tobacco Smoking, and Childhood Asthma: Interactions
and Biological Mechanisms

The World Health Organization (WHO) estimates that 24% of
the global burden of disease is caused by environmental factors
that can be averted (1). Understanding the role of the environ-
ment in asthma is a natural ambition in the overall search to
understand environmental burdens: In an individual expressing
the asthmatic phenotype, worsening of asthma control is logi-
cally related to environmental agents, and the airways are di-
rectly exposed to environmental challenges. As much as 44% of
the asthma disease burden has been attributed to mitigable
environmental risk factors, as opposed to genetic/familial fac-
tors or risk factors such as outdoor exposure to pollens (deemed
not modifiable) (1).

Childhood asthma is exacerbated by environmental agents,
many of which are modifiable, including allergens from dust
mites, cockroaches, and other animal and fungal sources; indoor
exposure to dampness; indoor smoke from solid fuels; second-
hand smoke (SHS); and ambient air pollution (1–4). On a typical

day children may be exposed to a number of different environ-
mental agents at home, in daycare centers and schools, and
outdoors. Most research conducted thus far has focused on
the investigation of isolated risk factors. Little is known about
the effects on children of concurrent exposures to multiple risk
factors, and whether they interact with each other to potentiate
adverse effects on asthma or whether one factor might produce
an effect that reduces the effect of another.

In this issue of the Journal, Rabinovitch and colleagues
(pp. 1350–1357) report novel results from a repeated-measures
study of children aged 6 to 15 years that begins to address this
gap (5). Rather than focusing on individual asthma triggers in
isolation, these investigators used an in-depth panel study of
a relatively small group of children with asthma to evaluate
the interactive effects of SHS and particulate matter air pol-
lution, two common established environmental risk factors,
on disease severity. In particular, they focused on how SHS
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exposure modified the effect of ambient pollution on asthma
severity.

A strength in their analysis is use of objective measures of
asthma severity and exacerbations –urinary levels of leukotriene
E4 (LTE4, a biological marker associated with airway inflamma-
tion and bronchoconstriction) and the frequency of rescue albu-
terol inhaler use (logged electronically by the inhaler). Both
LTE4 and albuterol use were higher on days with higher outdoor
ambient PM2.5 concentrations. However, the effects of PM were
stronger on days when exposure to SHS, measured by same-day
urinary cotinine concentrations, was low. The effect of PM on
asthma severity could not be seen with high SHS exposure. The
findings in the study were not as consistent year-to-year and
across statistical models as would be preferred, but the results
are of interest. They suggest that the effects of two common
environmental exposures—in this case PM and SHS, which
might be considered to act in a similar fashion—do not simply
add on to each other. This finding may be particularly helpful to
assess the actual impact of environmental triggers of asthma in
real-life settings, where exposures typically occur in mixtures
and combinations.

Aspects of the study design enhance the strength of the work.
The repeated-measure design exploits the inherent variability of
asthma phenotypes to evaluate time-varying environmental fac-
tors. Repeated laboratory assessment of biomarkers of both
asthmatic inflammation and SHS probably reduces misclassifica-
tion of both exposure and outcome, and hence increases our con-
fidence in the results.

Why should exposure to SHS attenuate airway effects of am-
bient PM? Does tobacco smoke simply overwhelm the effect of
PM and create a situation in which our observational methods
simply are not sensitive enough to observe the more subtle effect
exerted by ambient particles? If the two agents are acting to im-
pact the same biological pathway(s), is one agent actually com-
peting with the other or is a pathwaymerely saturated? If the two
agents impact different (even subtly different) pathways, then
one agent could reduce impact of the other through a variety
of regulatory mechanisms at the cellular and molecular level.
Rabinovitch and colleagues explain their findings by relying
on the likely nonlinearity of the concentration–response func-
tion that includes both SHS and PM. This explanation is com-
pelling, but is not related to the underlying biological processes
that are involved.

The finding of an attenuation of the effects of air particles in
the presence co-exposure to SHS raises questions regarding the
mechanism underlying the cellular and molecular interactions
between the two risk factors (Figure 1). Both particles and

SHS, in addition to several other triggers of childhood asthma,
are inhaled into the airways and initiate cascades that result in
local and systemic oxidative stress and inflammation. Recent
evidence has helped us to understand that environmental risk
factors activate specific molecular mechanisms that contribute
to these processes and lead to asthma exacerbation. Changes in
the DNA sequence—which are relatively rare and tend to be
permanent once they escape mechanisms for DNA repair—are
not directly tied in with the mechanism underlying asthma trig-
gering and exacerbation. Conversely, the levels and timing of
expression of gene products—including mRNA and proteins—
are highly sensitive to environmental challenges. In addition,
recent investigations have identified changes in epigenetic
mechanisms, including DNA methylation (6–10) and histone
modifications (11), that control gene expression. The epige-
nome, together with microRNAs (miRNAs) (12, 13)—an
emerging class of inhibitors of gene expression—appears exqui-
sitely sensitive to environmental exposures and may also con-
tribute to mediate rapid changes in gene expression (14, 15), as
well as in protein activities and metabolite levels, that may
parallel the fluctuating phenotypes typical of patients with
asthma. Each of these molecular steps is potentially subject
to saturation under the pressure of multiple environmental
stimuli. Further investigations are warranted to identify which
of those physiological and molecular mechanisms contribute to
determine the dose–effect response profiles in the presence of
multiple exposures.

Rabinovitch and colleagues have provided us with an intrigu-
ing piece of work that raises new questions regarding our under-
standing of the environmental determinants of asthma. The
impact of environmental factors cannot be simply added to-
gether to understand disease risk. Unraveling the complex inter-
play of these factors will lead to more complete understanding of
the genesis of asthma and the best way to reduce the burden of
this often preventable disease.
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Figure 1. Potential biological mechanisms

underlying the interactions of air particles

and environmental tobacco smoke in deter-

mining asthma exacerbations.
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Aging, Inflammation, and Emphysema

An enhanced or abnormal inflammatory response to the lungs
to inhaled particles and gases, usually from cigarette smoke, is
considered to be a general pathogenic mechanism in chronic ob-
structive pulmonary disease (COPD) (1). However, the mech-
anisms involved in the perpetuation of the inflammatory
response in the lungs in patients who develop COPD, even after
smoking cessation, are not fully established, and are key to our
understanding of the pathogenic mechanisms in COPD and
should be important for the development of new therapies for
this condition.

There are a plethora of proposed mechanisms to account for
the change from the “normal” inflammatory response in the
lungs to cigarette smoke, which occurs in all smokers (2) to
the enhanced or abnormal innate and adaptive immune
responses in the lungs that characterize the development of
COPD (3). A recent hypothesis derives from the association
between chronic inflammatory diseases and an enhancement
of the processes involved in aging as a novel mechanism in
the pathogenesis of COPD (4). There is now good evidence
linking mechanisms of enhanced or accelerated aging and
COPD, particularly related to the pathogenesis of emphysema
(5), which has been associated with markers of accelerated age-
ing in the lungs.

Telomere length provides a marker of biological age, at least
at the cellular level, shorter telomeres indicating increased bio-
logical age. Oxidative stress and chronic inflammation enhance
telomere shortening (6), as does exposure of lung cells to ciga-
rette smoke (7), and there is a dose-dependent relationship
between leukocyte telomere length and years smoked (8). Al-
veolar epithelial and pulmonary endothelial cells (9) and fibro-
blasts (10) from the lungs of patients with emphysema exhibit
shorter telomeres, compared with those from subjects with-
out emphysema. Recent data also indicate that telomeres in

circulating leukocytes from patients with COPD are shorter,
compared with control subjects in any age range (11, 12).

When telomeres reach a critical length, cell senescence is in-
duced (13). Cell cycle progression is controlled via cyclin-
dependent kinases (CDK) and their inhibitors such as
p16INK4a and p21Cip1/Waf1 (14). Thus, p21Cip1/Waf1 can initiate
senescence that is primarily telomere dependent, which is then
maintained by p16INK4a. Mice exposed to cigarette smoke
in vivo and exposure of human cells in vitro increases the ex-
pression of p21Cip1/Waf1 (15). Furthermore, endothelial cells and
alveolar Type II cells in lungs of patients with emphysema have
an increased expression of p16INK4a and p21Cip1/Waf1 as markers
of increased cellular senescence (9, 15).

Anti-aging molecules may influence the aging process and
may have relevance in the pathogenesis of COPD. Metabolic
nitocinamide adenine a nucleotide (NAD1)-dependent histone/
protein deacetylases (sirtuins) play an important role in a variety
of processes, including stress resistance, metabolism, apoptosis,
senescence, differentiation, and aging. Sirtuin I (SIRT-1) is es-
sential for maintaining silent chromatin via the deacetylation
of histones, but also regulates NF-kB–dependent transcription
and cell survival in response to TNF-a. Environmental stress,
such as cigarette smoke exposure, decreases SIRT-1 levels in
both macrophages in vitro and rat lungs in vivo, associated
with increased inflammatory cytokine expression (16). SIRT-1
has recently been shown to be reduced in lung cells from
patients with COPD as a result of post-translational oxidative
modification by cigarette smoke–derived components, leading
to increased acetylation and enhanced inflammatory responses
to cigarette smoke (17). Thus, SIRT-1 may have an important
role in the regulation of inflammation in the lungs, as well as
being involved in aging and in the pathogenic mechanisms in
COPD.
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