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EDITORIAL

Diesel exhaust particles and respiratory allergy

Air pollution is a subject of increasing concern throughoutparticular particulate matter below Lén in diameter
the developed and developing worlds. Historically, most(PM,q), and cardiovascular morbidity [8,9]. Particulate
concern has been directed towards acid aerosols and blackatter concentrations have also been linked to the inci-
smoke, which were the principal ingredients of the infa-dence of asthma and other respiratory diseases [10—-12]. As
mous smogs associated with coal burning. Since thearticulate matter concentrations have already risen by
introduction of clean air legislation in the 1950s and 82% in the past decade [7] and diesel engines are an
1960s, emissions of these ‘traditional pollutants’ haveimportant contributor of PN}, these findings have raised
declined substantially [1]. In their place we now see twoimportant and potentially embarrassing questions about
new hazards: photochemical smogs and particulate polluthe wisdom of encouraging the uptake of diesel engines in
tion, both resulting from increased road traffic. Much hasprivate vehicles. At the same time we are now aware that
been written about photochemical pollutants, and espesince the 1960s there has been a steady increase in the
cially ozone which has adverse effects on human airwaygroportion of children suffering from atopic allergic dis-
at high ambient concentrations [2]. Patients with asthmaases including asthma [13]. Epidemiological studies in
and other airways diseases seem particularly vulnerable tdapan, where diesel-powered cars are even more popular
ozone [3]. Ozone is generated by a complex photochemicahan in Europe, have shown that people who live within
reaction between oxygen, sunlight and volatile organic200 metres of main roads are much more likely to develop
compounds (VOCSs) released from the incomplete combusallergy to cedar pollen [14]. Taken together, these con-
tion of hydrocarbon fuels, and especially petrol used incerns have led to an intense research effort aimed at
internal combustion engines [4]. identifying the health hazards of modern forms of air
In the late 1980s, steps were taken to address this, witpollution and in particular the ways in which particulate
the compulsory fitting of catalytic converters. At the samematter pollution might influence the airways, either
time, fiscal incentives have made diesel-powered persondairectly or via perturbation of the immune system.
transport an increasingly attractive option. Diesel fuel is Several studies have suggested that diesel exhaust parti-
now widely available at car filling stations and the currentcles may act as adjuvants for pollen allergy, either by
generation of diesel-powered cars is much more efficient anfluencing antigen presentation, by modulating the down-
the lower speeds (less than 40 mph) that are typical oftream events such as IgE switching or by acting as vectors
modern urban and suburban motoring. In the 1989/199for submicronic fragments of pollen grains which would
National Travel Survey, diesel cars were reported to havetherwise be too small to deposit in human airways. In mice,
average consumptions of 41.4 miles per gallon against 28.if has been shown that diesel exhaust particles administered
miles per gallon for petrol-driven cars [5]. The net effect hasby the nasal route enhance IgE productianvivo [15],
been a progressive increase in the proportion of new cawhile in man, aromatic hydrocarbons from diesel exhaust
registrations with diesel power plants, until diesel-powerechave a direct effect on B-cells, leading to enhanced IgE
cars now account for over one-third of all new registrationsproductionin vitro [16].
in Europe [5,6]. In contrast, diesel cars are much less Another possible mechanism by which pollution may
popular in the US where fuel costs are lower: new dieselnfluence the development of allergy is by physical interac-
registrations there reached 6% in 1981 during the height ofion between pollutants and pollen grains. Behrendt has
the energy crisis, but in the 1990s only 0.1% of new US caipresented data suggesting that pollen from trees growing in
registrations are diesel-powered [6]. cities may be more allergenic, and that the allergenic
Diesel exhaust consists of a complex mixture of nitrogemrmolecules are more readily released onto the surface of
oxides, formaldehyde, carbon monoxide, hydrocarbonsthe pollen grain when these are exposed to gaseous pollu-
ash, transition metals, and carbon particles. In the UKtants [17].
diesel exhaust currently accounts for about 15000 tons per The aerodynamic diameter of grass pollen grains is
year or 40% of all emissions, while in large cities like usually in the 20-5@m range. Particles of this size
London, diesel exhaust accounts for 87% of all emissiongmpact in the upper airways and will not be carried out to
[7]. Diesel engines also release over 100 times morg¢he small airways where the asthmatic reaction typically
particles per mile than petrol engines of equivalent powelccurs. It is now well established that pollen grains may
running on unleaded petrol [6]. disintegrate and release allergenic molecules of particles in
A series of epidemiological studies in the United Stateshe submicronic range [18—20]. In part these seem to arise
has found a relationship between particulate pollution, infrom rupture of pollen grains on exposure to rain, yielding

© 1997 Blackwell Science Ltd 237



238 A.J.Frewand S. S. Salvi

starch grains of 0.5 to 2/8m diameter [21]. These can be 3 Balmes JR, Chen LL, Scannell C et al. Ozone-induced decre-

inhaled but are too small to deposit in the airways. Rela-
tively little grass pollen allergen can be found in the
respirable range (2.5 to 10n) [18].

In this issue of the Journal, Knox and co-workers demon-
strate that purified grass pollen allergen molecules (Lol pl)
bind to DEP when incubated in fluid phasevitro [22].

They postulate that this mechanism could allow grass pollen
allergens to be concentrated onto DEP of respirable sizes
and then be carried into the airways to induce allergic 7

symptoms. Interestingly Lol p5 molecules did not bind to

DEP. Lol pl molecules are more glycosylated than Lol p5 8
and negatively charged at pH 6.8, whereas Lol p5 is a basic
protein and thus positively charged at pH 6.8, suggesting

that either glycosylation or charge are important determi-
nants of grass pollen allergen binding to DEP.

This study is important because it provides clear experi—1
mental evidence that DEP can bind pollen allergens and thus
gives a firm basis for the theory that asthma outbreaks4

associated with thunderstorms [23] might be triggered by

sudden exposure to pollen allergens carried into the lung on
DEP and other particles. This study opens the door to furthet2
work to determine firstly whether this mechanism operates
in the atmosphere and secondly whether cellular immune
responses to the DEP-allergen agglomerates are skewéd

towards IgE production.

These effects are over and above the direct effects o{ 4

diesel exhaust on human airways. In collaboration with

colleagues at the University of Northern Sweden and St

Thomas Hospital, London, we have recently shown that 1

hour’s exposure to diluted fresh diesel exhaust causes afx

influx of neutrophils and upregulation of endothelial adhe-
sion molecules in bronchial biopsies obtained from

normal, non-asthmatic volunteers 6 hours after exposure
[24]. The timing of the rise in allergic disease is not 16
consistent with being caused by diesel exhaust as the
increase in allergies preceded the recent increase in new
diesel cars, but taken together, the scientific evidence is

beginning to suggest that diesel engines may not be th
solution to our concerns about emissions from petrol-
driven cars. Doctors and legislators should be careful

about making public policy changes in this area as it is|g

clear that there is still a lot to learn about the relative risks
of different types of motor vehicle emissions.
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