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Diesel effects on human health: a question of stress?
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IN THIS ISSUE in one of the current articles in focus (Ref. 3, see
p. L724 in this issue), Pourazar et al. provide the first human in
vivo evidence to support the concept that air pollutants target
the airways through induction of oxidative stress (3). The last
decade has seen a deluge of reports illustrating the health
effects of air pollution (1). The most prominent effect seems to
be on the respiratory system, and exposure to either gaseous
pollutants (such as ozone or nitrogen dioxide) or particulate
pollutants (such as diesel) can lead to exacerbation of asthma,
bronchitis, wheezing, or to slowing of children’s lung devel-
opment. In addition, it can interact with allergen to worsen
allergic symptoms, increase allergic antibody production, and
augment allergic sensitization.

The mechanisms by which these adverse outcomes occur are
a focus of intense investigation by many groups worldwide.
Despite the distinct nature of the different components of air
pollution, it seems that both particulate and gaseous pollutants
alike share the ability to initiate and heighten cellular inflam-
mation in upper and lower airways. In both human and animal
models, increases in airway inflammatory cells, such as neu-
trophils, macrophages, and lymphocytes, are observed after
exposure to diesel particles, ozone, SO2, or NO2. Accompany-
ing and presumably causing these cellular responses is an
increase in proinflammatory cytokines and chemokines.

Of the pollutants studied, diesel exhaust and its constituent
particles have recently received the most attention (4). The
rapid rise in diesel truck traffic in the United States and
automobile traffic worldwide and worries over exposure of
children to diesel fumes from school buses have fuelled public
health concern. That diesel exhaust particles (DEP) are capable
of profound proinflammatory and proallergenic effects is
firmly established. In vitro studies have highlighted the puz-
zling features of DEP to target multiple cell types directly.
Thus, cytokine release from epithelial cells, monocytes, neu-
trophils, lymphocytes, and mast cells stimulated with DEP or
the chemicals they contain have all been reported. What
mechanism could be responsible for targeting this broad spec-
trum of cells?

A wide range of studies has demonstrated that several
components of DEP can induce oxidative effects on airway
cells (6). Moreover, antioxidants can block DEP effects in
animal and in vitro models. Almost since the cytokine’s dis-
covery, it has been known that oxidant stress is an important
regulator of IL-8 gene expression, and it has been proposed
that recruitment of neutrophils to sites of inflammation is
accomplished by generation of reactive oxygen species (ROS)-
initiated IL-8 production. Other cytokines, such as TNF-� and

IL-6, are also known to be under similar control. It has,
therefore, been suspected that DEP activate redox-sensitive
transcription factors such as NF-�B and activator protein
(AP)-1, which regulate expression of many proinflammatory
cytokines. DEP-induced ROS would initiate intracellular sig-
naling and transcriptional activation of cytokine and chemo-
kine genes, resulting in a heightened inflammatory response.
Until now, evidence for this hypothesis has been mainly from
in vitro studies that show, for example, that JNK and MAPK
can be activated by chemicals extracted from DEP. Pourazar et
al. (3) take the mechanistic search to human subjects and rather
convincingly demonstrate that NF-�B, AP-1, JNK, and p38 are
strongly activated in bronchial cells from healthy human sub-
jects exposed to diesel exhaust compared with exposure to
filtered air. This translational study fills a gap and provides the
necessary evidence to confirm that proposed oxidative stress
pathways seen in in vitro/animal studies are in fact relevant to
the health of human patients.

It is important to recognize that this study was performed
with healthy human subjects not affected by respiratory con-
ditions such as asthma or chronic obstructive pulmonary dis-
ease. Mechanistic studies similar to this one, but examining
“vulnerable” patients with respiratory disease, are likely to be
informative and necessary to fully understand the effects of
DEP on human respiratory health. Although such investiga-
tions will need to be performed cautiously and ethically,
previous human studies have suggested that healthy and asth-
matic patients differ in their response to particulate air pollu-
tion, at least by functional measurements (5). Future studies
may show whether there are differences in activation levels in
healthy individuals compared with those with chronic respira-
tory conditions or with atopy.

This study raises other important questions. First, the lack of
epithelial IL-13 and Gro-� expression is unexpected, as previ-
ous work suggests these are strongly linked to NF-�B activa-
tion. Presumably, other regulatory mechanisms are at work, but
these remain to be defined. Second, it will be interesting to see
whether activation of these same factors occur upon exposure
to other pollutants, such as ozone, given the similar health
outcomes observed. Last, responses to diesel or air are quite
variable between individuals in this study. The data demon-
strate that some individuals have very robust NF-�B activation
to DEP, whereas others have relatively modest responses.
When individuals were compared, some subjects had lower
p38/c-jun activation levels with DEP exposure than others had
with exposure to filtered air. This suggests a significant vari-
ability in the intrinsic susceptibility of individuals to the
oxidative effects of DEP. Previous work suggests that cytopro-
tective phase II enzymes such as glutathione-S-transferase
(GST) M1 and GSTP1 are likely important determinants in the
inflammatory response to respiratory diesel exposure (2). In-
dividual responses to DEP over time as well as genotyping data
would be an informative extension of this work. Ultimately,
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identifying these potential protective factors will be an impor-
tant step in developing and testing interventions to reduce the
harmful respiratory effects of pollutant-induced oxidative
stress.

REFERENCES

1. Bernstein JA, Alexis N, Barnes C, Bernstein IL, Bernstein JA, Nel A,
Peden D, Diaz-Sanchez D, Tarlo SM, and Williams PB. Health effects of
air pollution. J Allergy Clin Immunol 114: 1116–1123, 2004.

2. Gilliland FD, Li YF, Saxon A, and Diaz-Sanchez D. Glutathione-S-
transferase M1 and P1 genotypes protect against xenobiotic enhancement of
allergic responses. Lancet 363: 119–125, 2004.

3. Pourazar J, Mudway IS, Samet JM, Helleday R, Blomberg A, Wilson
SJ, Frew AJ, Kelly FJ, and Sandström T. Diesel exhaust activates
redox-sensitive transcription factors and kinases in human airways. Am J
Physiol Lung Cell Mol Physiol 289: L724–L730, 2005.

4. Riedl M and Diaz-Sanchez D. Biology of diesel exhaust effects on
respiratory function. J Allergy Clin Immunol 115: 221–228, 2005.

5. Stenfors N, Nordenhall C, Salui SS, Mudway I, Soderberg M,
Blomberg A, Helleday R, Levin JO, Holgate ST, Kelly FJ, Frew AJ,
and Sandstrom T. Different airway inflammatory responses in asthmatic
and healthy humans exposed to diesel. Eur Respir J 23: 82–86, 2004.

6. Xiao CG, Wang M, Li N, Loo AE, and Nel JA. Use of proteomics to
demonstrate a hierarchical oxidative stress response to diesel exhaust
particle chemicals in a macrophage cell line. J Biol Chem 12: 50781–50790,
2003.

Editorial Focus

L723

AJP-Lung Cell Mol Physiol • VOL 289 • NOVEMBER 2005 • www.ajplung.org

 by 10.220.33.4 on January 5, 2017
http://ajplung.physiology.org/

D
ow

nloaded from
 

http://ajplung.physiology.org/

