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Abstract

In recent decades, in the US and in Western and Northern Europe, there has been a significant increase in the
prevalence of atopic allergic disease. Although that increase may now be slowing, or have already reached a plateau,
there remains considerable interest in the factor or factors that'may have caused this increased susceptibility to
allergy and asthma. Certainly, the changes recorded have been too rapid to implicate a change in the gene pool, and
for that reason attention has focused on the possible impact of environmental,dietary, and lifestyle factors. Although
the hygiene hypothesis proposes that increased susceptibility to allergic sensitization is associated with changes in
childhood exposure pathogenic microorganisms, other factors have been considered also. Among these is exposure
to chemicals and atmospheric pollutants. There is some evidence that exposure to’' certain chemicals may elicit or
exacerbate respiratory reactions in those who are already sensitized, or who already have existing airway disease.
However, a recent article has proposed that exposure to specific household cleaning products may be one factor that
is able to affect susceptibility to allergic sensitization. In the light of that article it is timely now to consider again the
ability of chemical exposure to influence sensitization to common antigens.
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Introduction: The prevalence of allergy
and atopy

Allergy describes the adverse health effects that may
be provoked by the stimulation of a-specific immune
response. Both proteins and chemicals can induce aller-
gic sensitization in susceptible subjects. When those sen-
sitized individuals encounter the same inducing allergen
on a second or subsequent occasion then a more acceler-
ated and more aggressive immune response may be elic-
ited resulting in inflammation that is described clinically
as an allergic reaction. Allergic responses are different
from autoimmune responses (immune reactions to self)
or anti-infectious responses, but use similar cellular and
molecular mechanisms.

Some forms of allergy, such as hay fever, most types
of food allergy, and allergic asthma, are associated with
immunoblogulin E (IgE) antibody responses. Here sensi-
tization results from the elaboration of allergen-specific

IgE antibody responses. These antibodies bind, via
plasma membrane receptors, to mast cells, and are cross-
linked following subsequent exposure to the inducing
allergen. This results in mast cell activation and degranu-
lation and the release of both pre-formed and newly syn-
thesized mediators that together elicit inflammation and
the signs and symptoms of allergic disease.

Atopy describes a pre-disposition to mount IgE
antibody responses, and is in large part heritable.
However, it is clear that environmental factors and
conditions also play important roles in influencing
susceptibility to allergic disease, including IgE-mediated
allergies. Perhaps the most vivid reflection of this is the
fact that, in the US and Western and Northern Europe,
there has been a substantial increase in the prevalence
of atopic allergy and asthma since the end of the Second
World War (Burney et al., 1990; Anderson et al., 2004;
Latvala et al., 2005). These increases have clearly been too
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rapid to reflect a change in the gene pool and, although
it may be that the upward trend in the prevalence of
allergic disease is slowing or has plateaued (Patel et al.,
2008), the nature of the environmental factors that have
triggered the changes remain of considerable interest
(Strachan, 1989, 1996; Ring, 1997; Kimber, 1998; Holgate,
1998; Peden, 2000; Yazdanbakhsh et al., 2002; Platts-Mills
etal., 2005; von Mutius, 2007; Devereux, 2006; Pearce and
Douwes, 2006).

There have been proposed a number of reasons why
atopic allergy should have become more prevalent.
Arguably the most interesting suggestion has become
known as the hygiene hypothesis. This is predicated
on the view that, in the absence of sufficient exposure
to microbial antigens during infancy, the developing
immune system fails to realign from a T-helper (T, )2-type
bias that apparently pertains at birth. The argument is
that, with the increasingly sterile domestic environments
in which children are raised, the immune system of
infants maintains, or maintains for longer, a T2 selectiv-
ity that pre-disposes to the development of IgE antibody
responses and the acquisition of allergic sensitization.
Although there is intriguing circumstantial evidence to
support the hygiene hypothesis, it has not been formally
proven, and there are reasons to suspect that it might not
provide a complete explanation (Strachan, 1989, 1996;
Ring, 1997; Howarth, 1998; Prescott et al., 1998; Erb, 1999;
Folkerts et al., 2000; Peden, 2000; Yazdanbakhsh et al.,
2002).

In addition to the hygiene hypothesis, a number of
other potentially important factors have been proposed
and these include changes in dietary habits, altered
indoor air quality, and exposure to atmospheric pollu-
tion and diesel exhaust particles (Peterson and Saxon,
1996; Salvi et al., 1999; Lux et al., 2000; Peden, 2000; Chen
et al.,, 2004; Devereaux and Seaton, 2005; Devereaux,
2006; Kim et al., 2007). The other candidate that has been
suggested is chemical exposure, i.e., that exposure to
specific chemicals or to chemicals in general is able to
cause an increased susceptibility to allergic sensitization
(Evans et al., 2008). It is that theme that will be explored
in the following section.

Chemical exposure and a generalized
increase in susceptibility to allergy

Itis now well established that the acquisition of sensitiza-
tion to a chemical or protein requires both recognition
of the inducing allergen, and the availability locally of
relevant pro-inflammatory signals. The latter are often
described as ‘danger signals’ that are required to alert
the adaptive immune system to the fact that antigen
exposure is associated with cellular and tissue events
that may indicate a threat (Matzinger, 1998). Such sig-
nals may be supplied as a result of cell damage or cell
trauma resulting from incursion by antigen itself, or they
may be supplied by other parallel events. One illustra-
tive example is provided by skin sensitization that is

acquired following topical exposure to contact allergens
such as 2,4-dinitrochlorobenzene (DNCB). This chemi-
cal could be considered to be a complete antigen since,
at many concentrations, DNCB supplies not only the
specific antigenic signal, but is also able to cause skin
irritation and thereby supply the local danger signals
required for effective immune activation. In this case,
it has been shown that when lower concentrations of
DNCB are used for sensitization in mice, i.e., concentra-
tions that are non-irritating or only poorly irritating, then
sensitization can be enhanced by co-administration
of a skin irritant that provides an independent source
of danger signals (Cumberbatch et al., 1993). Another
possible example is provided by the observation that air
pollutants and nanoparticles are able to enhance in mice
immune responses to inhaled ovalbumin (de Haar et al.,
2005); the available data suggest that this augmentation
of responses is similarly a reflection of the provision of
appropriate danger and co-stimulatory signals.

The point is that the necessary co-stimulatory danger
signals need not be supplied directly by the inducing
antigen or allergen itself. Within temporal and spatial
constraints itis possible, therefore, that adaptive immune
responses can be supported and enhanced by provision
of independently derived ‘danger signals. The implica-
tion in the context of this commentary is that exposure
via an appropriate route to chemicals that are not them-
selves antigenic or allergenic could, in theory, impact on
adaptive immune and allergic responses to third party
antigens. If the argument is that exposure to chemicals
is able to encourage the development of allergic sensiti-
zation secondary to promotion of IgE antibody produc-
tion, then the implication is that certain chemicals are
able not only to enhance the vigor of immune responses,
but also to impact on the quality of responses such as to
encourage selective T, 2 cell development. Considering
chemicals as being able to cause danger and increase
co-stimulatory help in an antigen non-specific fashion
implies that they act as adjuvants; that is, substances that
increase and/or alter the immunogenicity of unrelated
antigens. Precedents exist insofar as certain adjuvants,
such as alum (aluminium salts) for instance, are consid-
ered to favor T 2-type immune responses and IgE anti-
body production (De Gregorio et al., 2008).

In a recent review, it was concluded that at that time
(Evans et al., 2008) there was little reason to suppose that
exposure to chemicals per se had caused an increased
susceptibility to allergic sensitization. Nevertheless, we
have been prompted here to reconsider this conclusion
in the light of a recent article published by Choi et al.
(2010b).

A case in point: Propylene glycol and
the glycol ethers

The investigations reported by Choi et al. (2010b) formed
part of a larger study, the Dampness in Buildings and
Health (DBH) study that was initiated in 2000. Choi et al.
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(2010b) sought to examine whether exposure to volatile
organic compounds (VOC) influences allergic airway
disease in children. In a case-control study of 400 young
Swedish children the authors considered the potential
impact on allergic disease of exposure in bedroom air
to a number of classes of compounds. These included
alkanes, aldehydes, aromatic hydrocarbons, methyl-
alkanes, dimethylalkanes, texanols, organic acids, and
a mixture of propylene glycol and glycol ethers (PGEs).
Only PGEs were reported to show a significant associa-
tion with the allergic phenotype. Among cases then there
was an association also of PGEs with IgE sensitization.
It is relevant to explore this reported relationship, not-
withstanding considerations of study design, and the
legitimacy for instance of examining associations with
a variety of chemical species (PGEs) rather than with
single chemicals.

The conclusion drawn by Choi et al. (2010b) was that
exposure of pre-school children (aged 1-5 years) to low
levels of PGEs (median exposure levels of <10 ug/m?®)
in the bedroom air environment is associated with an
increased risk of allergic symptoms and IgE sensitization.
Although there is no suggestion that PGEs are themselves
allergenic, the implications are that exposure of young
children in an appropriate environment to PGEs, result-
ing from the use of household cleaning materials (Choi
et al., 2010a), can enhance susceptibility to the devel-
opment of IgE-mediated allergic sensitization, and that
such PGE:s are possibly acting as adjuvants.

It has previously been reported by others that clean-
ing products used in household environments, including
those with VOC, are associated with an increased risk of
asthma (Zocketal., 2001; Karjalainen et al., 2002; Medina-
Ramon et al.,, 2003; Rumchev et al., 2004). However,
although these investigations appeared to reveal a clear
correlation between household cleaning materials and
clinical disease, it was argued that this was a reflection of
the ability of such materials to elicit or exacerbate reac-
tions in those with pre-existing airway disease (Evans
et al., 2008). There was no reason, on the basis of those
investigations, to implicate domestic cleaning materials
as a cause of increased susceptibility to allergic sensi-
tization. The conclusions drawn in the report by Choi
et al. (2010b) provide for the first time therefore reason
to consider whether in general household cleaning
products containing chemicals, and in particular PGEs,
are able to influence and augment the process of allergic
sensitization.

As PGEs have no significant allergenic properties
themselves, and are generally regarded as being unable
to cause allergic sensitization (Basketter et al., 1998;
Lessmann et al., 2005; Anzai et al., 2010), the implica-
tion is that in certain circumstances these materials are
able to display adjuvant-like properties. One possibil-
ity suggested in the paper by Choi et al. (2010b) is that
PGEs may act as endocrine disruptors, and in turn affect
immune or allergic response through such a mechanism.
However, currently there is little or no evidence available
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to implicate PGEs as endocrine disruptors, and the link
between endocrine disruption and immune perturbation
remains speculative (Chalubinski and Kowalski, 2006).

Although the Choi et al. (2010b) study describes an
interesting observation, there is a need for further inves-
tigations before exposure to PGEs can be implicated as
an important risk factor for allergic sensitization. Most
important of all is the need for experimental studies
that would provide a plausible and persuasive mecha-
nistic basis for the ability of PGEs, when experienced at
very low levels of exposure, to interact with the immune
system and to deliver adjuvant like signals that would
augment IgE antibody responses. In advance of those
supplementary investigations it is premature to conclude
that exposure to PGEs encourages allergic sensitization,
or has contributed to the increased prevalence of allergy
and asthma.

Conclusions

The nature of environmental and lifestyle factors that
influence the development of allergic sensitization, and
that may have caused a recent increase in the prevalence
of atopic allergic disease, remain unclear. Among the
candidate factors that have attracted interest are chemi-
cals that are encountered in the workplace or in domestic
environments. There has been a recent observation that
one such group of chemicals might be PGEs. The argu-
ment is that, although PGEs are themselves unable to
cause sensitization, they can encourage the IgE antibody
responses and the development of allergy.

Intriguing as this proposal is there is clearly a need
for supplementary investigations to corroborate these
observations, and to provide a mechanistic basis for
the ability of PGEs to influence immune and allergic
responses. In advance of that additional information it is
premature to draw any conclusions.
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