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EDITORIAL

Low molecular weight pollutants and asthma: pathogenetic
mechanisms and genetic factors
C.E. Mapp*, M. Saetta*, P. Maestrelli*, A. Ciaccia**, L.M. Fabbri**

Most studies suggest that asthma prevalence has been
increasing in children and young adults over the last four
decades [1–4]. This increase is not confined to asthma
but includes atopic diseases, such as hay fever and eczema. It has been suggested that a disease is caused by
the interaction of genetic susceptibility and an adverse
environment [5]. Environmental differences may explain the variations in the prevalence of asthma found in
western countries. Several studies have shown an association between the risk of developing respiratory allergy and the season of birth [6]. Other environmental
factors, such as respiratory viral infection, tobacco
smoke and outdoor pollutants, have been considered as
adjuvants for initial sensitization in childhood [7]. An
adverse environment does not necessarily imply an outdoor environment, but could be the workplace where a
subject spends a substantial part of his life.
Many investigators have sought a relationship between
air pollution and asthma, but results are conflicting [8–
10]. Different approaches, mainly epidemiological and
laboratory studies, may be used to address this important question. The effects of exposure cannot always be
reproduced experimentally, and likewise the effects
obtained in the laboratory often do not have confirmation in epidemiological studies.
The role of air pollution in asthma remains difficult
to assess, since although some major air pollution episodes have affected asthmatic subjects, others have had
little effect on asthmatics [11]. Moreover, massive exposures to allergen, such as soybean allergen, have explained epidemics of asthma [12], and exposure to
allergen may be a potential confounding factor in the
interpretation of air pollution episodes.
Theoretically, air pollutants have the ability to exacerbate existing asthma and to increase the risk of developing asthma. From the data available on the effects of
air pollutants, it is possible to say that pollutants may
act in different ways: a direct irritant effect on hypersensitive airways; a direct toxic effect, mainly on the
epithelium; the generation of an inflammatory process
in the airways; and the modification of the immune
response [13].
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The major low molecular weight air pollutants are sulphur dioxide, nitrogen dioxide and ozone. Considerable
interest has been focused on the effects of these pollutants on airways, and extensive literature is available
including epidemiological and experimental studies [14–
17].
Another important fact is that many cases of asthma
in adults result from contact with industrial materials.
Disease prevalence varies markedly depending on the
industry. Even so, low molecular weight agents do appear to play an important role. Our research in this field
has allowed us to increase our knowledge on the mechanism of action of low molecular weight agents, and on
the similarities and discrepancies between occupational
and nonoccupational asthma. Recently, CHAN-YEUNG
and MALO [18] have reviewed the topic of aetiological
agents in occupational asthma. In their extensive and
complete review, they have also included low molecular weight agents, such as acid anhydrides, metals,
pharmaceutical products, diisocyanates, western red
cedar, amines and others.
In this paper, we will describe the effects of toluene
diisocyanate (TDI) on airways, as an example of asthma induced by low molecular weight agents. In addition, we will provide evidence that occupational asthma
induced by exposure to low molecular weight agents
shares many features with nonoccupational asthma.

The immune response
In many cases, the pathogenetic mechanisms involved
in occupational asthma remain to be determined. Immediate type I immunoglobulin E (IgE)-mediated hypersensitivity is involved in occupational asthma caused
by high molecular weight agents, and in a number of
cases of occupational asthma induced by low molecular
weight agents [19].
Foreign substances that elicit an immune response are
called antigens. The immune system is a sophisticated
defence system, and it works through two types of defence. Circulating proteins, called antibodies or immunoglobulins bind to antigens and inactivate them. These
antibody-mediated responses are referred to as "humoral
immunity". In the second type of response, specialized
cells with surface receptors capable of recognizing specific antigens, attack and destroy those antigens. This
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second type of defence is called "cellular immunity". The
fact that a substance is foreign, does not necessarily mean
it is antigenic. Infact, an antigen must be a macromolecule or be built up from macromolecules. Many high
molecular weight agents present in the workplace fulfil
the criteria, and are antigenic. On the contrary, small
molecules by themselves can seldom produce specific
circulating antibodies. However, many small molecules
may change the antigenic properties of a larger molecule, i.e. a protein, when covalently coupled to it (haptens). The resulting antibodies are partially directed
against the small molecule.
Immune responses are carried out by lymphocytes.
Two major classes of lymphocytes exist, B-lymphocytes
that synthesize antibodies and T-lymphocytes that carry
out cellular immune responses. For the final differentiation of a B-cell, other cells besides the competent virgin B-cell are required. In most cases, T-lymphocytes
called helper cells are also present. They interact with
antigens by using their T-cell receptors. The antigens
have been taken up and presented to them by accessory
cells called antigen-presenting cells (APC). Helper Tcells are required for all immunoglobulin G, E and A
(IgG, IgE, and IgA) immune responses. The biological
significance of the presence of helper T-cells could be
that they are a means of regulating both the process of
antibody synthesis and the B-cell division. In this regulation, suppressor T-cells also participate, in that they
can block the proliferation and the terminal differentiation of B-cells.
Cytotoxic T-cells carry antigen-specific surface T-cell
receptors, which see antigens only if the T-cell simultaneously sees normal cell surface proteins. T-cells see
normal surface proteins coded for by the major histocompatibility complex (MHC). Whereas cytotoxic Tcells look at proteins coded for by class I MHC genes,
helper T-cells look at proteins of class II MHC genes.
The MHC complex encodes the cell surface protein that
are essential for the T-cell function. Moreover, the class
I and II MHC gene products have structural similarity
to antibodies.

Isocyanates: characteristics and uses
Polyurethanes result from the reaction between an
alcohol and an isocyanate (OCN-R'-NCO). The isocyanate group (-NCO) can react with any compound
containing "active" hydrogen atoms, and diisocyanates
may be used to modify many other products. Several
aromatic and aliphatic diisocyanates are available, but
95% of all polyurethanes are based upon two aromatic
diisocyanates, toluene diisocyanate (TDI) and diphenylmethane diisocyanate (MDI). Most of the TDI is a mixture of 2,4 and 2,6 isomers. The 80:20 mixture of the
2,4 and 2,6 isomers is the most important commercial
product. Toluene diisocyanate is liquid at room temperature, is colourless, and has a molecular weight of
174.16.
Isocyanates have a wide application in the industrial
and domestic environment. The prevalence of TDI-

induced asthma has been reported to be 5–10% [20].
Prepolymers of isocyanates have also been shown to
induce asthma [21].
The immune response in isocyanate-induced asthma
So far, we have described the basic concepts in the
generation of an immune response, and according to
these concepts toluene diisocyanate may be considered
as a foreign substance, but since it is a small molecule, it is likely that by itself it is not antigenic. Isocyanates are very reactive molecules, reacting with polyols,
water, amines, and, under suitable conditions, with the
active hydrogen atoms of the urethane and urea linkage
to form biuret and allophanate linkages. It is not known
what happens in vivo after inhalation of toluene diisocyanate, and which reactions occur between TDI and
components of the body (proteins, water). The characteristics of asthma induced by isocyanates suggest an
immunological mechanism, but only a small percentage of individuals with asthma have been shown to have
type I hypersensitivity reactions, as documented by the
finding of tolyl-specific IgE antibodies [22]. More recently, specific IgG antibodies have been shown in
subjects with isocyanate-induced asthma [23].
Cell-mediated immunity may play a role in low molecular weight agent-induced asthma. Increased numbers
of activated CD25+ T-lymphocytes, activated eosinophils and mast cells have been shown in bronchial
biopsies from subjects with asthma induced by exposure to TDI [19].

Genetic factors in isocyanate-induced asthma
Genetic factors control human immune responses. It
has been shown that human leukocyte antigen (HLA)
complex products or genes may represent either a risk
or a protective factor in the development of allergic
asthma [24]. Recently, in a collaborative study with
BIGNON et al. [25], we carried out HLA typing in isocyanate-induced asthma, and found that the allelic
combination DQB1*0503 was associated with susceptibility to the disease, and that the allelic combination
DQB1*0501 was associated with resistance to the disease.
More recently, we confirmed these results and extended our observations [26]. We found the presence,
at the 57 position, of aspartic acid in DQB1*0503 allele
and valine in DQB1*0501 allele, and suggested that the
residue 57 of HLA-DQB1 could be used in risk assessment of isocyanate-induced asthma. Antigens are seen
in the context of MHC gene products, and individual differences may alter the ability of the HLA class II molecules to interact with peptides, and, as a consequence,
the nature of T-cell recognition may also be different.
We do not know whether isocyanates are involved in
antibody binding, or, more likely, being very reactive
compounds, in the induction of structural changes of a
body protein, causing a T-cell mediated immune response.
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Responsiveness to foreign substances is linked to DQ
alleles through the activation of CD4+ T-cells, that in
turn might activate CD8+ suppressor T-cells. The immune
system provides specific defence against foreign substances that enter the body. It is likely that the two types
of responses referred to as humoral and cellular immunity co-exist, and when circulating antibodies are present, a cellular response is often demonstrable.
Isocyanate-induced asthma, on the basis of the preliminary results described above, may be considered an
example of interaction of genetic factors with an adverse environment. In this type of asthma, there is evidence that both humoral and cellular immunity may
play a role.
Isocyanate-induced asthma as an
inflammatory disease
The pathology of bronchial asthma shows a multicellular process. T-lymphocytes are implicated in allergic,
intrinsic and occupational asthma. Allergic inflammation is characterized by the IgE-dependent activation
of mast cells and local accumulation of eosinophils
[27]. Eosinophilic inflammation may be amplified by
the granulocyte-macrophage colony-stimulating factor
(GM-CSF). T-lymphocytes control IgE synthesis: the
T-cell derived cytokines interleukin-4 (IL-4) and interferon-gamma (IFN-γ) are important in initial isotype
switching and in other subsequent steps [28, 29].
Immunohistological studies of bronchial biopsies have
shown T-lymphocyte activation in allergic, intrinsic
and isocyanate-induced asthma [30–32]. Eosinophil
inflammation is well-represented in TDI-induced asthma. Eosinophils are partially degranulated and present
markers of activation [33]. Mononuclear cells and mast
cells are also increased. Mast cells are increased to a
greater extent mainly in subjects who develop asthma
after few years of exposure [34]. The thickness of the
reticular basement membrane is increased [33]. The
pathology of isocyanate-induced asthma shares many
features of nonoccupational asthma, i.e. IgE-mediated
and intrinsic asthma. The pathology of other inflammatory airway diseases, such as chronic bronchitis, is
quite different: mononuclear cells are increased but
there is no subepithelial fibrosis [35].
We also found that the cessation of exposure to TDI
was associated with a reduced thickness of subepithelial
fibrosis [36] and with a reduced number of subepithelial
fibroblasts, mast cells and lymphocytes in the bronchial submucosa [37]. Remarkably, parallel to the decrease in the number of fibroblasts was the decrease in
the number of mast cells and lymphocytes, cells that
enhance the synthesis of collagen by fibroblasts through
the secretion of several cytokines [37]. Recently, it has
been shown that marked inflammatory changes are present in the bronchial biopsies of subjects with occupational asthma after withdrawal from the exposure to the
sensitizing agent. The type and extent of airway inflammation were not different according to whether asthma
was induced by high or low molecular weight agents and
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regardless of the duration of asthma symptoms, as
shown by BOULET et al. in this issue of the Journal [38].
That exposure to TDI in sensitized subjects causes
recruitment and activation of inflammatory cells is further substantiated by the finding of an increase in circulating CD8+ T-cells and eosinophils 48–72 h after
exposure to TDI in the laboratory; time-points at which
bronchoconstriction has already disappeared [39]. Eosinophils also increase in the sputum of subjects with
TDI-induced asthma [40]. A role for suppressor T-cells
in isocyanate-induced asthma has recently been confirmed [41]. We observed that the majority of T-cell
clones derived from subjects with TDI-induced asthma
are CD8+, capable of producing interleukin-5 (IL-5)
but not interleukin-4 (IL-4). The first cytokine attracts,
activates and increases the survival of eosinophils, whereas the second stimulates IgE production. Suppressor Tcells seem to play a central role in isocyanate-induced
asthma, as they probably do in intrinsic asthma [42].
Interestingly, the most common asthmatic reaction
observed after exposure to isocyanates is the late asthmatic
reaction, in which airway inflammation is important
[43]. In the supernatant of bronchoalveolar lavage
(BAL) fluid obtained from subjects with a late asthmatic reaction induced by exposure to isocyanates, there is
an increased concentration of albumin [44, 45]. An
increased number of neutrophils and of eosinophils, an
increase in leukotriene B4 (LTB4) and an increase in
nonspecific airway responsiveness are also associated
with the late asthmatic reaction induced by isocyanates,
suggesting the development of an acute inflammatory
process in the airways [43–46]. The influx of leukocytes, the increase of albumin and of LTB4 are all prevented by pretreatment with steroids [45].
Release of peptides from sensory nerves in the airways
may result in inflammation of the airways. SubstanceP (SP) and neurokinin (NKA) belong to the family of
tachykinins, and activate different subtypes of receptors. Several inflammatory responses are mediated by
neurokinin-1 (NK1)-receptors [47]. Tachykinins are
degraded by neutral endopeptidase (NEP), which
is localized mainly at the airway epithelium.
An increased amount of NK1-receptor messenger
ribonucleic acid (mRNA), probably due to the effect of
various cytokines on NK1-receptor gene transcription,
has been described in asthmatic lungs [48]. Whether
neurogenic inflammation is important in asthma remains to be determined. It is likely that neural mechanisms contribute to the pathophysiology of asthma. We
have shown that toluene diisocyanate contracts rat and
guinea-pig smooth muscle, in vitro, through the activation of the efferent function of capsaicin-sensitive primary afferents [49, 50]. Toluene diisocyanate-induced
contractions in isolated guinea-pig airways are associated with increased levels of prostanoids, i.e. prostaglandin
(PG) F2α and 6-keto-PG F1α [51]. We also found that
TDI and capsaicin produce both shortening and relaxation in isolated human bronchi through NK1-receptors [52]. As in nonoccupational asthma, the role of
neurogenic inflammation in occupational asthma remains to be proved.
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In conclusion, the association between exposure to
outdoor pollutants and asthma is still far from clear and
difficult to assess. As regards the association between
indoor pollutants, in particular low molecular weight
agents present in the workplace, there is experimental
evidence to suggest that these agents cause asthma which
has similar mechanisms, pathology, and association with
specific HLA phenotypes, to extrinsic asthma.
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