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Abstract

Isocyanates, low-molecular weight chemicals essential to polyurethane production, are one of the
most common causes of occupational asthma, yet the mechanisms by which exposure leads to
disease remain unclear. While isocyanate asthma closely mirrors other Type | Immune
Hypersensitivity (“Allergic”) disorders, one important characteristic of hypersensitivity
(“allergen”-specific IgE) is reportedly absent in a large portion of affected individuals. This
variation from common environmental asthma (which typically is induced by high molecular
weight allergens) is important for two reasons. (1) Allergen-specific IgE is an important mediator
of many of the symptoms of bronchial hyper-reactivity in “allergic asthma”. Lack of allergen-
specific IgE in isocyanate hypersensitive individuals suggests differences in pathogenic
mechanisms, with potentially unique targets for prevention and therapy. (2) Allergen-specific IgE
forms the basis of the most commonly used diagnostic tests for hypersensitivity (skin prick and
RAST). Without allergen-specific IgE, isocyanates may go unrecognized as the cause of asthma.
In hypersensitive individuals, chronic exposure can lead to bronchial hyperreactivity that persists
years after exposure ceases. Thus, the question, of whether or not isocyanate asthma is an IgE
mediated disease, has important implications for disease screening/surveillance, diagnosis,
treatment and prevention. The present Pro/Con Debate, addresses contemporary, controversial
issues regarding IgE in isocyanate asthma.

BACKGROUND

Isocyanate, Asthma, and IgE

Isocyanate-induced asthma is an occupational lung disease with striking similarities to
“allergic” asthma, a condition that typifies Type | Immune Hypersensitivity, as defined by
Gell and Coombs.! A cardinal feature of Type | Immune Hypersensitivity is the presence of
allergen specific immunoglobulins that have undergone isotype class switching to the
epsilon constant region (i.e. IgE.).2 Allergen-induced cross-linking of IgE on the surface of
mast cells is a “trigger” for asthma, via the release of histamine and other mediators that
cause immediate reactions and incite a cascade of ongoing inflammation (including delayed-
phase responses).3-6 Production of IgE (isotype swithching) is largely dependent upon IL-4,
a cytokine produced by subset of T cells (Th2-type), whose “helper” activity is critical in
orchestrating the inflammatory responses of Type | Immune hypersensitivity.’-10
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Absence of Allergen-specific IgE in Isocyanate Asthma?

It has been reported that the majority of individuals with isocyanate-induced asthma do not
have allergen-specific IgE (see Table 1)11-24 findings challenging to reconcile with Gell and
Coombs’ classic definition of Type | immune hypersensitivity. Without allergen-specific
IgE, what mechanisms account for the airway inflammation observed following isocyanate
exposure, especially immediate responses? Furthermore, since as described above, isotype
switching to IgE generally requires T cell derived IL-4, does the lack of IgE in isocyanate
hypersensitive individuals imply fundamental differences in the underlying cellular response
to isocyanate compared with common environmental allergens? These same questions
extend to asthma caused by certain other low molecular weight compounds (e.g. plicatic
acid, persulfates), and other types of idiopathic or “intrinsic” asthma, where “allergen-
specific”-1gE is not detectable.

Diagnosis, Surveillance. and Screening

The absence of allergen (isocyanate)-specific IgE in isocyanate asthma creates substantial
challenges when evaluating isocyanate-exposed individuals with asthma. Without allergen-
specific IgE as a definitive diagnostic, isocyanates may be overlooked or mistakenly
exonerated as the cause of disease, and exposure-induced bronchial hyper-reactivity may
instead be attributed to other environmental triggers, especially delayed responses, which
may occur after the worker leaves the job-site. The lack of allergen-specific IgE also limits
pro-active disease screening/surveillance (e.g. routine blood testing/RAST), which might
otherwise identify affected workers, including those early in the course of disease, where
prompt removal from exposure provides the greatest protection against long-lasting
(isocyanate-exposure induced) lung function decline. Thus, uncertainty over the presence
and role of (allergen-specific) IgE in isocyanate asthma has a huge impact on efforts towards
disease diagnosis, screening and surveillance.

PRO/CON DEBATE

Twelve topics, that support (1-6) or refute (7—12) the role of IgE in isocyanate asthma, were
chosen for debate by the authors. The Pro viewpoint supports the hypothesis that isocyanate
asthma is an IgE mediated disease, while the Con viewpoint supports the hypothesis that
isocyanate asthma is not an IgE mediated disease.

1. Clinical presentation of isocyanate asthma is typical of an allergic process.

Pro: Isocyanate asthmatics generally do not experience asthma symptoms the first
time they are exposed to isocyanates, the disease typically takes months to years to
develop, and becomes more severe with repeated exposure.2> A “latent phase”
between exposure and the development of asthma is well-described for common
environmental asthma and known to reflect the time period during which systemic
immune sensitization occurs.26 The reported immediate and dual phase reactions to
isocyanate exposure are typical of “allergic” responses.2’

Con: The spectrum of isocyanate asthma is diverse. While some subjects develop
clear-cut immediate responses, delayed responses to isocyanate occur more
frequently than with high molecular weight allergens.?8 The “latent” phase of
isocyanate asthma remains poorly understood and may represent the time necessary
for non-immunologic processes, such as repetitive injury-repair cycles or
permanent structural changes.2®

2. Isocyanate-specific IgE may not be detected if the wrong form of “isocyanate
antigen” is used in the immunoassay (false negative test).
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Pro: The structural form of isocyanates recognized by the human immune system
(as an allergen) remains unclear, as isocyanates react rapidly with proteins and
water.30: 31 Djfferent oligomeric formulations, isomers, and phases (vapor/liquid),
further impact antigencicity.1’- 22 23 Most studies of isocyanate-specific IgE to
date, have used isocyanate-albumin conjugates, however, such conjugates can
differ substantially depending upon the methods used for their

production.22 23, 30,32, 33

Con: Over the last 40 years, a wide-range of experimental methods have been
employed to generate and characterize “isocyanate antigens”.17: 22. 23, 32-35 The
major carrier protein for isocyanate in vivo has been identified as albumin, and
specific sites of conjugation have been identified by mass spectrometry.23: 36
Despite progress in understanding the antigenicity of isocyanate-albumin
conjugates, the most advanced studies to date fall short of accounting for the
substantial proportion of isocyanate asthmatics without detectable chemical-
specific IgE.17. 22

Isocyanate specific IgE may be “missed” due to assay detection limits.

Pro: IgE is present at very low concentrations in serum and thus requires highly
sensitive reagents for detection, such as radioisotopically labeled anti-human IgE.3’
Many serology studies of isocyanate-specific IgE to date have relied upon enzyme-

linked immunosorbant assays (ELISA), often without definition of detection
limits.16. 18,19, 38

Con: While the detection limits of most IgE serology tests reported to date, remain
unclear, many studies have made use of the same sensitive methods proven reliable
for measuring other allergen-specific IgE, including radioisotope and/or fluorescent
labels along with high (allergen) density solid phase platforms.1%: 20. 39

Isocyanate specific IgE serum levels may decrease (below detection limits) away
from exposure.

Pro: Experimental evidence has shown that isocyanate-specific serum IgE
decreases away from exposure, and can become undetectable (by traditional RAST)
as quickly as 30 days away exposure.2 Variable and sometimes long time intervals
between an individuals’ last exposure and serology testing thus, may contribute to
the apparent absence of specific-1gE is patients with the disease (see more below).

Con: Studies that have longitudinally followed serum levels of isocyanate-specific
IgE, suggest their 1/2 life is similar to that of IgE specific for common
environmental allergens.20 Antigenic forms of isocyanate (albumin-conjugates)
may persist for weeks in the blood stream of exposed individuals.40: 41

The socio-economics of isocyanate asthma affects the detection of serum specific
IgE.

Pro: The socio-economics of isocyanate asthma (and other occupational diseases)
may cause workers to postpone medical attention until their condition becomes
severe enough to prevent them from working. In the case of isocyanate asthma, this
delay could be sufficient time for specific-1gE levels to fall below detection limits,
especially if the patient must travel to specialized testing centers for disease
diagnosis.

Con: Many occupations that use isocyanates are life-long careers for which workers
have invested substantial time and money. Thus, there is self-incentive for workers
to remain vigilant about the possibility of hypersensitivity to chemicals in their
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workplace, especially isocyanates, which are well-recognized as a cause of
occupational asthma.

HLA-linkage of isocyanate asthma supports a role for IgE.

Pro: Genetic differences in human leukocyte antigen (HLA) class 11 alleles have
been associated with isocyanate asthma in several different populations. Similar
findings have been reported in common environmental asthma, and together with
the known role of HLA-class Il in antigen presentation to CD4 T-cells, support a
role for prototypical TH2-driven/IgE responses.42-46

Con: The association between HLA class Il and isocyanate asthma has been
variable in different studies.4”- 48 Furthermore, the link between HLA class Il
expression and IgE is indirect via Th2 cells. HLA class Il genes are located in
region of the genome (Chr 6) that likely contains numerous genes involved in
allergic responses.

Lack of IL-4 mRNA (a critical factor for epsilon class switching), in situ in the
human airway argues against a role for IL-4 in isocyanate asthma.

Pro: While recent studies have highlighted the conspicuous absence of IL-4 in
human airway biopsies from isocyanate asthma patients, older studies reported the
presence of florid Th2-type airway inflammation using immunohistochemical
approaches.9 50 The kinetics of IL-4 expression, in relationship to exposure may
have contributed to conflicting results, as levels may diminish with increasing time
intervals between disease diagnosis and biopsy.

Con: A striking absence of epsilon constant region (Ce) and IL-4 mMRNA has been
observed locally within bronchial mucosa, in patients undergoing inhalation
challenge with isocyanate, at a dose sufficient to provoke an asthmatic reaction.?
The lack of detectable IgE and IL-4 mRNA in patients with isocyanate—induced
asthma, represents strong evidence that IgE is not produced in the bronchial
mucosa level, following an active challenge with isocyanates. IL-4 is required for B
cell switching in favor of IgE and is sufficient to initiate transcription through the
heavy chain Ce locus.? Thus the lack of both IL-4 and IgE transcripts in the
bronchial mucosa, following an isocyanate challenge, suggest that IgE is not crucial
to the induction of occupational asthma to isocyanates. Thus, it is likely that non-
IgE mediated mechanisms are important, at least in a proportion of patients with
isocyanate-induced asthma.

Isocyanates do not stimulate vigorous in vitro T-cell responses (Th2), which are
associated common environmental asthma

Pro: In vitro cellular responses are dependent upon the “antigen”, which as
described above, remains unclear for isocyanate chemicals. The antigen presenting
cells for isocyanates also remain unclear and may be absent from the in vitro assays
reported to date, which commonly utilize peripheral blood mononuclear cells.

Con: The prototypical Th2 responses stimulated by common environmental
allergens, and known to induce asthma and IgE in vivo, are not observed when
human T-cells from isocyanate asthmatics are cultured with isocyanate (albumin
conjugates) in vitro.>2 In contrast, isocyanates stimulate limited proliferation of y&
and CD8 T cells along with production of mainly monocytic cytokines/chemokines
(see more below).>3-55 More recently, murine studies suggest that TH-17 cells may
be a crucial effector population for isocyanate responsivness.>®

Isocyanate-albumin antigens stimulate predominately the monocytic population of
human blood cells, rather than (TH2) cell types known to promote IgE production.
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Pro: Any cell-based immunoassay for isocyanates encounters issues with the
chemicals cytotoxicity, in addition to uncertainty regarding the “antigenic” form
(discussed above). Furthermore, it remains unclear if all of the cells necessary to
respond to isocyanate are present in the peripheral blood. Notably limiting in the
blood are dendritic cells, y5 T cells, and airway epithelial cell types, which have
been shown to respond to isocyanate.>’~59

Con: Increasing evidence points to an important role for monocytes, and possibly
other innate immune cells in the development of isocyanate asthma.16: 54. 60,61 |
vitro studies from several independent laboratories describe the stimulation of
human monocytes and monocyte-like human cell lines, by isocyanate-albumin
conjugates, including the production of chemokines associated with asthma, such
as MCP-1 and MIF. 16, 54,60, 62

Histamine releasing factors, such as MCP-1, substitute for IgE, in the asthmatic
response triggered by isocyanates.

Pro: While MCP-1 production in vitro (in response to isocyanate albumin antigen)
has been shown to be greater by PBMCs from isocyanate asthmatics, vs. exposed
controls, mechanisms by which MCP-1 and TH2-like inflammation is selectively
induced, without IgE production remain unclear.16

Con: Experimental evidence demonstrates high levels of isocyanate-antigen driven
MCP-1 production by PBMCs from isocyanate asthmatics (but not
controls).16:54.62 MCP-1 is a chemokine with potent histamine releasing activity,
equal to or greater than that triggered by IgE receptor cross-linking.53 A major
PBMC cell type that produces MCP-1 is the monocyte, which is innately activated
by isocyanate-albumin conjugates.50: 64. 65 Thus, direct activation of innate immune
cells may be a crucial underlying pathological response to isocyanate

exposure,80. 66

Oxidative stress, rather than antigen-driven (e.g. IgE) responses is the pathological
mechanism that leads to isocyanate asthma.

Pro: While isocyanates have been shown to induce oxidative stress, evidence that
this process participates directly in isocyanate asthma pathogenesis is

lacking.58: 59. 66 Oxidative stress occurs in response to numerous exposures,
including many that do not cause asthma.57- 68

Con: Isocyanates have been shown to disrupt oxidant homeostasis through several
distinct analytic methodologies.>8: 59 61.69-72 Evjdence linking oxidant stress and
allergic responses highlight non-immunologic mechanisms that may modulate
isocyanate responsiveness, including the development of asthma.”3-7°

Chemical-induced toxicity, rather than antigen-driven (e.g. IgE) responses is the
pathological mechanism that leads to isocyanate asthma.

Pro: While isocyanates are highly toxic, occupational exposure limits are set
several orders of magnitude below the lowest observable effects dose measured in
animal studies.”6 77

Con: Repetitive cycles of injury and repair may represent the essential process
underlying isocyanate asthma pathogenesis, with immune sensitization and the
development of specific IgE as a common secondary phenomenon.2% 78 With the
aid of contemporary molecular techniques, it has been shown that subcytotoxic
(occupational) concentrations of isocyanate do have specific effects on airway
cells, including oxidative stress as mentioned above.>8: 71 Furthermore genetic
studies have shown associations of isocyanate asthma with polymorphisms in
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specific enzymes thought to participate is isocyanate metabolism (N-acetyl, and
Glutathione-S-Transferases).”9-82

Controversy continues to exist over the role of IgE in isocyanate asthma, which has
important implications for understanding disease pathogenesis as well as prevention and
diagnosis. IgE that specifically binds isocyanate is challenging to define due to isocyanates
reactivity with (self) proteins. A better understanding of isocyanates reactivity with self-
molecules is essential to understanding their allergenicity, and answering the question, is
isocyanate asthma an IgE mediated disease?
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