Advances in acid anhydride induced occupational asthma

C. Raymond Zeiss

The acid anhydrides have been signal occupational agents for
study because of their inherent and complex biological activity
and the wide range of associated occupational airway disease
that is manifest in exposed workers in a variety of occupational
settings. This year in review has shed light on many of the
complexities of anhydride exposure, biologic reactivity and
airway disease. Curr Opin Allergy Clin Immunol 2:89-92. © 2002 Lippincott
Williams & Wilkins.
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Introduction

The vyear has secen a range of publications that
encompass three areas of acid anhydride induced
occupational respiratory disease: the impact of anhydride
exposure and removal from exposure; the biologic
consequences of adduction (binding) of anhydrides to
chemical moieties, proteins and airway epithelium; and
animal models of immunoglobulin E-mediated lung
inflammation, the role of anhydride induced airway
complement activation, and anhydride mediated respira-
tory irritant effects.

Exposure

In'a 10-year prospective study in three plants of workers
exposed to the phthalic anhydride related acid
anhydrides, hexahydrophthallic anhydride (HHPA),
methylhexahydrophthalic anhydride (MHHPA), and
methyltetrahydrophthalic anhydride (MTHPA). Welin-
der and co-authors [1°°] reported the central role of
exposure in the induction of immunoglobulin E and G
antibodies to these anhydrides. There was an exposure
driven_response relationship from 2.5 ug/m® to greater
than 15 pg/m® (as determined by personal and area
sampling at frequent intervals).

“The effect of smoking ‘on antibody induction was not
statistically significant, but the effect of atopy as defined
by a positive skin prick test response was significant with
an odds ratio of 5.9 (2.0-17.3). Of interest, the presence
of smoking and atopy only modestly added to the effect
of exposure 'in/their multivariant analysis, however the
study did not have enough statistical power to determine
if .atopics were sensitized at lower exposure levels. This
study'is of significant interest because of the prospec-
tively gathered exposure data demonstrating exposure as
the key driver in immunologic sensitization, modified
only marginally by smoking and atopy.

In an excellent study, Rosqvist and co-authors [2°°] have
determined the value of total plasma protein adducts as a
biomarker in workers exposed to HHPA and MHHPA.
The urinary metabolites of these anhydrides served as
the index of work shift exposure. There was a strong
positive correlation comparing plasma total plasma
protein adduct levels and urinary metabolite levels (r,
0.920-0.997). In addition, specific anhydride adducted
hemoglobin levels in plasma were highly correlated with
urinary anhydride metabolite levels. The half-lives of
the total plasma protein adducts were 22-24 days making
them excellent potential biomarkers of long-term
exposure. The availability of quantitative plasmas and
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urinary metabolite markers of anhydride exposure may
revolutionize our assessment of exposure and therefore
the risk of sensitization in acid anhydride exposed
workers, where traditional air sampling methods may be
confounded by undetected peak exposures and the use
or non-use of respiratory protective devices.

In a further study of the binding/adduction of the acid
anhydride HHPA [3°*], Johannesson and co-authors
determined that serum albumin was the major plasma
protein adducted by the inhalation of HHPA in exposed
workers and guinea pigs. Using rigorous biochemical
techniques they located the predominant HHPA adduct/
hapten to serum albumin. In guinea pigs exposed to
tritium-labeled HHPA, by nose only inhalation expo-
sure, autoradiography of plasma proteins demonstrated a
single band with a molecular weight of 66 kDa,
equivalent to that of serum albumin. In addition, they
showed that immunoglobulin E and G antibodies from
sensitized workers bond preferentially to albumin, when
the target was human plasma adducted with HHPA.
These studies elegantly demonstrate that small.but
detectable amounts of reactive inhaled anhydride,
HHPA bind with (haptenize/adduct) proteins, predomi-
nantly albumin, in the circulation of anhydride-exposed
humans and guinea pigs.

Lemiere and co-authors [4°°] investigated the-changes
in airway inflammation induced by Texposure = to
occupational agents in subjécts. .with .and without
occupational asthma. They set out to determine  which
changes in sputum eosinophil numbers and bronchial
responsiveness to methacholine should be regarded as
clinically significant for predicting occupational asthma.
They performed specific inhalation challenges in three
groups of subjects: subjects preporting —a - history
consistent with occupational asthma ‘with a positive
specific inhalation challenge response (n=17); subjects
reporting a history consistent with occupational asthma
with a negative specific inhalation challenge response
(n=14); and asthmatic subjects without any history of
occupational asthma (n=10). Induced sputum and
methacholine challenges were performed at the end
of the control day and again at the end of the last day
of exposure.

There was an increase in median sputum eosinophil and
neutrophil numbers in those subjects with occupational
asthma. Cell counts remained unchanged after exposure
in asthmatic subjects without occupational asthma.
Sputum eosinophilia and a significant increase in
methacholine sensitivity identified those with occupa-
tional asthma.

They concluded that exposure to occupational agents
per se did not induce airway inflammation and that

changes in both sputum eosinophil counts and metha-
choline responsiveness are satisfactory predictors of a
significant bronchial responsiveness to occupational
agents.

Grammer and co-workers [5°*] describe 42 workers with
trimellitic anhydride (TMA)-induced lung disease (four
late asthma, 13 late respiratory systemic syndrome, four
both late asthma and late respiratory systemic syn-
drome, and 21 with asthma) moved from the direct
manufacture of TMA to low exposure jobs in this large
industrial complex. They were evaluated 1 year after
the move by physician-administered questionnaire
(symptoms), spirometry, immunoglobulin E levels to
trimellitate-human serum albumin, and chest radio-
graphy. Thirty-five of 42 workers had improved
symptoms, spirometry and lower levels of immunoglo-
bulin E to trimellitate-human serum albumin. Seven
workers with immunoglobulin E mediated asthma did
not improve and were transferred to no exposure jobs.
There were no chest radiographic abnormalities related
to IMA"in any group.

Binding and adduction

Griffen and co-authors [6°%] report a preliminary study
of the localization of TMA to cultured lung epithelial
cell proteins. They developed a monoclonal antibody
with primary specificity for the TMA hapten and used
this as a probe to identify TMA haptenized proteins
extracted from cultured lung epithelial cells, which had
been ‘exposed previously toy, TMA in culture. Western
blot analysis demonstrated that the monoclonal anti-
body probe reacted with TMA haptenized proteins in
a restricted low molecular weight range (20-35 Kd).
They suggest that the low molecular weight cellular
proteins ymay be as important as albumin in TMA-
induced-lung-disease. It is clear from the studies just
reviewed and recent animal studies (below) that
albumin, when adducted by reactive acid anhydrides,
is a major antigen eliciting a pathogenic antibody
response.

The study by Griffin [6°*] was accompanied by an
excellent and wide-ranging editorial comment by M.
Karol [7°°]. This editorial reviewed newer information
on reactive chemical adduction of epithelial cell proteins
and other intracellular/extracellular moieties. Of particu-
lar interest was the recent observation that glutathione is
readily adducted by di-isocyanates and that isocyanate
adducted glutathione could transfer the isocyanate
hapten to reactive groups on proteins under physiologic
conditions. This work suggests that glutathione, a
ubiquitous intracellular and extracellular transfer agent,
might play a role in the transport and adduction of
reactive chemicals to a variety of biologically important
macromolecules. The complexity of the interplay



Figure 1. Exposure of the large airways to reactive chemical allergens
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between reactive chemicals such as the acid anhydrides/
isocyanates and the airway epithelium is illustrated in
this editorial (Fig. 1).

Animal models

Larsen and co-authors [8°°] report the role of comple-
ment activation in the airway of guinea pigs sensitized to
"TMA and challenged with intratracheal TMA-guinea pig
serum albumin. In challenged, sénsitized animals there
was airway infiltration with/ cosinophils, neutrophils;
macrophages with red blood cells and protein in the air
spaces.

The complement activation product, C3a, was detected
in bronchoalveolar lavage fluid andrwas correlated: with
all measures of cell airway infiltration.

Regal and co-authors [9°°] reported a model of
immunoglobulin E-mediated hypersensitivity to TMA
in BALB/c mice accompanied by lung eosinophilia and
the product, cosinophil peroxidase, after intratracheal
instillation of TMA mouse serum albumin in mice
previously sensitized to TMA. There was a parallel
increase in total immunoglobulin E in plasma and
bronchoalveolar lavage fluid. The magnitude of the
response to inhaled TMA mouse serum albumin was
equivalent to that seen in their standard model, BALB/c
mice sensitized to and exposed to ovalbumin.

Arts and co-authors [10°] reported a modest lower
airway irritant response to inhaled TMA in rats exposed
to increasing concentrations of TMA (10-300 mg/ms)
for 30 min. Irritant responses were assessed by breath-
ing pattern and frequency changes and necropsy lung
weight. No irritant effects were detected at or below

14.mg/m’. There were no changes in lung weight at
any level of exposure.

Conclusion

This year in review has seen significant scientific
advances in, the study of occupational asthma induced
by lacid anhydrides. The strong linkage of exposure to
sensitization, the newer methods of exposure assess-
ment, the exciting and ongoing exploration of anhydride
binding/adduction  of  key “cellular and extracellular
biologic targets and the use of animal models to explore
the complex pathophysiology of anhydride asthma speak
for the certainty of future insights and knowledge to
come.
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