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Is it all in our genes? The “mite-y” truth

Gurjit K. Khurana Hershey, MD, PhD Cincinnati, Ohio

Atopic states result from the interplay of environment
and genetic factors. The identification of the importance
of environmental causationsin the development of atopic
disorders occurred centuries ago. In 1819, John Bostock
first described “ catarrhus aestivus,” or hay fever, and in
1873 Charles Blackley recognized that pollen grains
were the causative agents of hay fever.l The description
of agenetic predisposition came later. In 1923, Coca and
Cooke? coined the term atopy to refer to the “familial
occurrence of asthma, alergic rhinitis, and atopic der-
matitis associated with positive immediate skin tests to
environmental antigens.” Since that time, atopy has con-
tinued to be defined as the genetic predisposition to pro-
duce IgE antibody in response to environmental antigens.

Many decades after the identification of the impor-
tance of both environmental and genetic factors in the
development and expression of atopic disorders, we con-
tinue to struggle to identify the relevant exposures and
genes. It has become clear that the pathogenesis of com-
plex polygenic disorders is dependent on multilayered
gene*environment interactions over time. This 3-dimen-
sional model of gene* environment*time is the subject of
this important issue of The Journal of Allergy and Clini-
cal Immunology.

It is critical to consider all 3 dimensions when one is
preparing to conduct or interpret a study. The interactions
between the dimensions are bidirectional. The genesrele-
vant to the development of alergic disorders might vary
depending on the environmental exposures present in a
given population; likewise, the relevant environmental
exposures will be dependent on the genetic context. The
immunologic milieu at any given time will be determined
by the individua’s cumulative environmental exposures
and his or her genetically influenced responses to these
exposures. Thisimmunologic milieu will shape the genet-
ically influenced responses to the next relevant environ-
mental exposures. Indeed, the immune system adapts over
time, and the responses will change as a result. The
immune state and local environment could be considered
another dimension; however, these are intrinsically
dependent on the genetic and environmental factors over
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time. For example, depending on the immunologic milieu
and lung environment, a given exposure might or might
not trigger allergic inflammation, and this will change
with time as the immune system adapts. The interdepen-
dence of al of these variables makes it very difficult to
conduct studies to elucidate any given effect. The fina
dimension of time further complicates the situation, inas-
much as certain genetic and environmental influences
might be relevant only during specific “windows of
opportunity.” Furthermore, multiple genetic and environ-
mental influences occur simultaneously, and the collec-
tive contributions might be quite different from what is
anticipated from any isolated individual effect as a result
of the coexisting genetic and environmental subtext.

Despite the similarities of atopic disorders, they are
quite heterogeneous in terms of their phenotypes and
their natural history.34 Studies of gene and/or environ-
mental influences first require accurate assignment and
classification of phenotypes and recognition that atopic
diseases likely express etiologic heterogeneity as well.
This is further discussed in areview article in this issue
by Dr von Mutius.® As she points out, increased specific
and total IgE levels, albeit amarker of atopic disease, are
not found in the majority of atopic disorders.6 As such,
use of this marker as the defining phenotype of atopy
might lead to false results. Dr von Mutius also discusses
the relevance of combinations of multiple genetic and
sociocultural environmental factorsin the occurrence and
natural history of alergic disorders. She stresses that epi-
demiology should be used as a scientific tool to begin to
dissect these heterogeneous interactions and that large
popul ation-based studies will be necessary to further our
understanding. Identification of the temporal “windows’
and the gene*environment interactions will require
exactly these types of large, prospective, population-
based studies.

To build the scaffold of understanding, the immuno-
logic, genetic, and epigenetic mechanisms that underlie
the influence of the environment must also be character-
ized. Thiswill require not only epidemiologic studies but
also concerted basic, clinical, and trandational research.
The immunologic and functional consequences of indi-
vidual single nucleotide polymorphisms (SNPs) and SNP
combinations (in the same and different genes) need to
be studied through use of in vitro and in vivo models.
Furthermore, an SNP might have different functional
effectsin different cell types. Thisisnot surprising, given
that the expression of potential interacting proteins might
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significantly differ among cell types. In another review
articlein this issue, Dr Vercelli discusses an SNP in the
CD14 promotor (C-159T) and describes how differences
in the relative expression levels of Sp transcription fac-
tors in hepatocytes versus monocytes led to distinct
effects of the promotor SNP in these 2 cells types when
they were studied in vitro. Dr Vercelli raises several
excellent points. It is important to consider gene*envi-
ronment interactions within the cell as well the classical
meaning. A given SNP might yield different and even
opposing effects when expressed in different cells types
or under different developmental and/or environmental
influences. This might be an important cause for the dis-
parate results obtained in studies examining the same
SNP in varied populations of different age, sex, and race
distributions and subject to different environmental influ-
ences. Epigenetic mechanisms regulated by environmen-
tal influences add yet another layer of complexity to this
paradigm. Environmental stimuli might induce acquired
epigenetic states that affect gene expression and pheno-
typic outcome. Thus, gene* environment interactions are
occurring at multiple levels—DNA, cell, tissue, organ,
and human—and the interactions are subject to change
over time depending on the developmental state and the
immunologic milieu.

As these concepts become increasingly recognized,
studies are now examining the effects of combinations of
factors. Recently, a significant gene*gene interaction
between an IL-4RA SNP and an SNPin the IL-13 promo-
tor was reported, whereby individuals with the risk geno-
type for both genes were at almost 5 times greater risk for
the development of asthmathan individualswith both non-
risk genotypes (P = .0004).8 The molecular mechanisms
that are responsible for this genetic predisposition are not
yet understood. To begin to understand how these and
other genetic SNPs contribute to the final phenotype, the
immunol ogic phenotypes associated with given genotypes
over time need to be understood. Toward this end, in an
origina contribution in this issue, Hoffjan et al® examined
the effect of genetic variation in 35 genes (61 SNPs) on the
cytokine response profiles in 207 European children at
birth and at age 1 year. Furthermore, they related this to
several atopic phenotypes, including atopic dermatitis,
IgE, and alergic sensitization as determined by skin test at
age 1. Although the sample size is too small to alow for
determination of gene* gene interactions, the investigators
identified 5 SNPs associated with atopic phenotypesin the
first year of life. In addition, they found 2 of these to be
associated with altered cord blood IL-13 responses at
birth. The study isinteresting and supports the concept that
different patterns of cytokine responsesin early life might
be duein part to genetic influences. The relevance of these
findings remains to be determined, as do the molecular
mechanisms responsible for the different patterns of
cytokine responses. Although the authors examined
cytokine responses in cord blood at birth, unknown envi-
ronmental influences during pregnancy have no doubt
impacted the findings. Despite these limitations and the
small sample size, the findings of Hoffjan et a can shape
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hypotheses to test in larger studies examining the cumula
tive effects of multiple genes and environmental exposures
in a prospective longitudina design.

In another origina contribution in this issue, Khoo et
al10 investigated the genetic contribution of an SNP in
the promotor region of the IL12B gene in a population
derived from the Melbourne Asthma Study cohort. The
use of this well-studied cohort with long-term longitudi-
nal phenotypic data is a considerable advantage of the
study by Khoo et a. They found that the IL12B promo-
tor SNP was not associated with the presence of atopy or
asthma or with asthma severity at several different ages.
Unfortunately, the study does not provide any informa-
tion about the functional relevance of this SNP or the lev-
els of IL-12 in the subjects at baseline and during infec-
tions. Again, these questions are best assessed in a
prospective design in which information about infections
can be obtained, IL-12 levels can be determined, and
environmental exposures can also be assessed. In addi-
tion, the functional relevance of the SNP can be directly
determined through basic promotor studies. Again, a
blend of epidemiologic, clinical, trandational, and basic
research is needed to dissect these questions.

Interestingly, in the 1800s Bostock and Blackley
described allergy as*“arare disorder restricted to the priv-
ileged class”! This is clearly no longer the case. Atopic
disorders are very prevalent, affecting up to 40% of pop-
ulationsin western civilizations,11-13 and the incidence is
on the rise.34 The widespread incidence of atopic condi-
tions and their effects on quality of life impose a heavy
burden on society. The direct costs of just one disorder,
allergic rhinitis, are estimated to be approximately $4 bil-
lion; indirect costs, including missed workdays, push the
costs to over $7 billion. Despite this marked increase in
asthmaand allergy in some parts of the world, the preva-
lence of these disorders has not appreciably changed in
developing countries. The increasing prevalence of aller-
gic disease over the last 3 decades and the differencesin
prevalence rates between developed and less devel oped
countries and between rural and urban areas strongly
support environmental causations.1> The hypothesis that
has come to the forefront was first proposed by David
Strachan6 in 1989. This “hygiene hypothesis’ proposes
that infections in early childhood might prevent the
development of allergic disease. Several epidemiologic
studies have supported the idea that reduced microbial
exposure in childhood can contribute to the devel opment
of alergic disorders.17-20 Mechanistic explanations for
the hygiene hypothesis initially invoked the T,1/T,2
model, arguing that in the absence of infectionsthereisa
lack of shift from the T2-biased immune system of an
infant.21.22 Recently, an alternate hypothesis has been
raised that proposes that an absence of counterregulation
would explain the simultaneously observed recent
increases in allergic diseases, as well autoimmune dis-
eases.23-25 A comparison of these 2 theories is provided
in a Rostrum article in this issue by Dr Romagnani.26

Although a“dirty” environment might be protective in
early life, dust mite exposure later in life contributes to
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alergic symptomsin sensitized individuals. The identifi-
cation of the dust mite and the first demonstration of its
relevance in allergic respiratory diseases was first pub-
lished in this Journal in 1967 (see the Allergy Archives
feature in this issue). The landmark findings of those
Dutch investigators are still very relevant today, as we
continue to debate the “mite-y” truth.

Is dust mite exposure relevant to allergic disease? It
seems intuitive that if one is sensitized to dust mite,
avoidance would be beneficial. Nevertheless, studies
examining this have been contradictory. Thisis the topic
of a separate editorial in this issue by Dr Platts-Mills,27
who raises several key points. Avoidance studies aimed at
investigating the relevance of an intervention that
decreases exposure with clinical outcome must demon-
strate that the exposure was significantly changed and
that the outcome changed. Exposure needs to be defined
as total exposure, not only in terms of total load but also
in terms of time and space. A child might be in the home
for the greater part of a given day, but one cannot ignore
the contributions of school, grandmother’s house, or even
a summer spent with another parent.

In the end, the “mite-y” truth is that considerable
progress has been made in terms of our understanding of
the pathogenesis of allergic diseases and the molecular
mechanisms that underlie the recent rise in their preva-
lence. This issue of the Journa provides a “window of
opportunity” for the allergist to evaluate the current state
of gene*environment*time interactions before the next
landmark discovery.
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