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INTRODUCTION 

Common diseases such as asthma and diabetes mellitus tend to cluster in families. The 
risk of developing the disease if a first-degree relative is affected is 5% to 10% greater 
than the prevalence of the disease in the population, but less than the 25% risk for a 
recessive and 50% risk for a dominant single gene disorder. The familial clustering 
is due not to a single gene defect, but is the outcome of multiple genes (polygenic) 
and their interaction with the environment. 

Genetic variation between individuals, such as differences in blood groups, 
occurs frequently in the population. Such variants, whose frequency is stable between 
generations, are known as "polymorphisms." Polymorphisms are the basis of diversity 
within human populations and contribute not only to differences in characteristics 
such as height and blood pressure but also to variation in the ability to resist infection 
and handle environmental challenges. Such challenges include the response to agents 
inhaled at work, both inorganic and organic. Differences between individuals in their 
responses are likely to be determined, at least in part, by the functional consequences 
of polymorphisms of relevant genes, and their interactions with each other. 

Molecular genetic studies have provided the opportunity to identify the relevant 
genetic polymorphisms. However, it is important to appreciate that in a multifactorial 
disease such as occupational asthma (OA), a single polymorphism, although increasing 
susceptibility to the development of asthma in those exposed to a particular agent, is 
unlikely to be sufficient alone, and may even not be necessary, to cause the disease. 
Polymorphic genes may increase susceptibility or resistance to disease but do not deter­
mine it. The identification of a single polymorphic gene alone is therefore unlikely to pro­
vide the basis for a screening test for susceptibility to OA. Knowledge of the genes 
involved, the function of their protein products, and of their interaction with the relevant 
environmental influences does however have the potential to illuminate disease mecha­
nisms at the molecular level and provide new opportunities to treat and prevent it. 
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THE IMPORTANCE OF WELL-DEFINED PHENOTYPES IN 
GENETIC STUDIES 

The genetic constitution of an organism is its genotype; the physical expression of the 
genotype (either as an observable characteristic or protein product) is its phenotype. 
Mendel inferred the patterns of inheritance in sweet peas, by studying the transmission 
of pairs of clearly contrasted physical characteristics (phenotypes) such as tallness 
versus shortness of the plant and, green versus yellow, and round versus wrinkled 
seeds. Similar patterns of inheritance can be inferred for human diseases such as cystic 
fibrosis . In such Mendelian disorders, genotype and phenotype correspond (one gene, 
one protein). In common diseases, such as asthma, diabetes, and hypertension, how­
ever, the correspondence is not observed because the same phenotype (e.g., asthma) 
is associated with different genotypes (genetic heterogeneity) or vice versa because of 
interaction with other genes, with environmental factors, or both. 

Genetic studies of disease in man require an unequivocal definition of pheno­
type. This implies diagnostic criteria which are comprehensive (i.e., high sensitivity 
with few false negatives) and exclusive (high specificity with few false positives) to 
minimize misclassification bias. Genetic studies of atopy and asthma have been con­
siderably impeded by the lack of widely accepted diagnostic criteria. Asthma is 
usually defined as reversible airway narrowing, whose characteristic symptoms are 
episodic wheeze and breathlessness. However, all that wheezes is not asthma and 
not all asthma wheezes; furthermore, cases of asthma may not have demonstrable 
reversibility at the time of testing. Another defining characteristic of asthma is air­
way hyperresponsiveness-an increased responsiveness of the airways to nonspecific 
provocative stimuli such as exercise, inhaled cold air, or histamine. Airway hyperre­
sponsiveness, although sensitive, is not a specific characteristic of asthma, being 
found in some 15% of the population. These problems make a comprehensive and 
exclusive definition of asthma difficult. Similarly, atopy-which was defined by 
Pepys as the propensity to make immunoglobulin E (IgE) antibody in response to 
allergens encountered in everyday life-has been identified by different investigators 
as one or more immediate skin test responses to common inhalant allergens, an ele­
vated total IgE in serum, or the presence of specific lgE antibody in serum to one or 
more common inhalant allergens. Cookson and Hopkin (I) in their genetic studies 
decided on a comprehensive case definition, which included one or more of any of 
these three; in contrast, others have focused on the inheritance of total lgE. 

These difficulties and differences in case definition have made genetic studies of 
asthma and atopy difficult to undertake and to compare the findings of different studies. 

GENETIC BASIS OF ASTHMA 

Asthma and atopy show clear indications of genetic susceptibility; the frequency of 
disease in family members of cases is greater than in the population as a whole, and is 
greater in identical monozygotic (MZ) twins than in nonidentical dizygotic (DZ) twins. 

Family Studies 

Genetic susceptibility is suggested if a disease occurs in greater frequency in the 
family members of a case than in the general population. The relative risk {)1.R) is 
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the risk of a disease for the relative of an affected individual divided by the risk 
(prevalence) of the disease in the general population. A~ arid As are the ratios for 
offspring and sibs to the population prevalence. The size of AR is taken to indicate 
the degree of concordant inheritance of genetic factors in affected relative pairs. 

First-degree relatives-parents, brothers, sisters, and children-have half their 
genes in common with the index case (or proband). Second-degree relatives-grand­
parents, aunts, uncles, nephews, and nieces-have one-quarter of their genes in com­
mon. The most commonly reported value is for As but usually sibs also share a 
common childhood environment and As> 1 may reflect a shared environment as well 
as .a shared inheritance. An increased frequency of diseasein second-degree relatives 
may therefore be a more reliable indicatio.n of genetic influences. The value of As for 
cystic fibrosis is about 500, for insulin-dependent diabetes 15, and for schizophrenia 
8:5. The value for asthma probably lies between two and five. 

Several family studies have provided evidence that asthma and associated a topic 
disease, eczema and hayf ever, are more frequent in the relatives of asthmatics than in 

tlie relatives ofmatchedcontru1s.&bbaidi2] estimated that the popuiatiorrfrequerrcy­
of asthma was between 5% and 10%. The probability of a child ofan atopic asthmatic 
parent having asthma varied from 14% when one parent was affected to 29% when 
both parents were affected. The risk for the child of a nonatopic asthmatic parent 
to have asthma was a little greater than the risk in the general population. Atopy 
increased the risk of a child developing asthma to about threefold. Similarly, Jenkins 
et al. (3) found that the risk of asthma and associated atopic diseases in seven-year­
old Tasmanian children was greater when one or both parents were asthmatic than 
when neither was affected. The risk of having asthma was increased to about 2.5 
times when either parent had asthma and 6. 7 times when both. parents had asthma. 

Twin Studies 

Twin studies, which compare the concordance of disease in identical (MZ) twins, 
who are genetically identical, and nonidentical (DZ) twins who like other sibs share 
half their genes, can better differentiate genetic from environmental influences than 
family studies. Assuming that the effect of a shared familial environment is the same 
for MZ and DZ twins, the frequency of a disease with no genetic component will be 
similar in them. A disease influenced by genetic factors will be more frequent in MZ 
twins than in DZ twins; the larger the difference, the more likely that genetic factors 
are important in the development of the disease. The results of twin studies of multi­
factorial diseases can be expressed as "hereditability"-,-the proportion of the total 
variation of the phenotype due to genetic factors. 

Twin studies have consistently shown the concordance of asthma to be higher 
in MZ twins than in DZ twins. In a study of7000 Swedish twin pairs, Edfors-Lub (4) 
found that the concordance of asthma between MZ twins was 19% and between DZ 
twins was 4.8%, giving an estimated hereditability of some 15%. More recent twin 
studies have reported higher estimates for the hereditability of asthma. Hopper 
et al. (5) estimated a hereditability of 50% in a study of 3808 Australian twins. 
Harris et al. (6) in a study of 5684 Norwegian twins found that the risk of developing 
asthma in twins whose co-twin had a history of asthma (as compared to those whose 
co-twin did not) was increased 18 fold in MZ twins and 2.3-fold in DZ twins. 

Hanson et al. (7) studied MZ and DZ twins reared together and apart; they 
found in either situations, a .greater concordance for asthma and specific IgE 
[est~mated by skin test and radio-allergosorbent allergy testing (RAST)] in MZ twins 
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than in DZ twins. Although the number of twins in this study was relatively small, 
the implications of its findings are considerable, suggesting a substantial genetic 
influence on the development of specific IgE and asthma, with little contribution 
from familial environment shared in childhood. 

Twin studies indicate that asthma has an inherited component, but do not iden­
tify its mode of inheritance. This is usually addressed by segregation analysis in family 
studies, in which the occurrence of asthma is · determined in terms of the degree of 
genetic relatedness to the index case (or proband). Families studied may be nuclear 
(which include only first degree relatives of the probands) or extended (which include 
more distant relatives and usually encompass three or more generations). 

The results of such studies have been conflicting. Some have suggested that 
asthma is inherited as an autosomal dominant characteristic with incomplete pene­
trance, i.e., a single gene is responsible for asthma but not all who inherit it develop 
asthma (8,9). Cookson and Hopkin (I) found that 90% of atopic asthmatics had an 
atopic parent and suggested a dominant mode of inheritance for atopy. 

Others have suggested that the inheritance of asthma is polygenic (I 0), implying 
asthma to be the outcome of an interaction between several genes. In part, these 
apparently striking different findings reflect differences in methods of ascertainment 
and phenotype definition, but probably also reflect considerable heterogeneity in the 
inheritance of atopy and asthma. 

MOLECULAR GENETICS 

Modern molecular techniques have provided the opportunity to disentangle the 
difficulties in genetic analysis of complex traits caused by factors such as genetic 
heterogeneity and polygenic inheritance. These studies allow for identification of the 
genes that contribute to the development of multifactorial diseases such as asthma. 
The ultimate purpose of these investigations is to determine the protein products 
of the relevant genes, their functions, and how these differ from those.not at increased 
risk of disease. Understanding the biochemical basis of diseases such as diabetes, schi­
zophrenia, and asthma could offer insights of therapeutic and preventative value. 

Two complementary approaches have been taken: genetic linkage and investi­
gation of candidate genes. 

Genetic Linkage 

The opportunity for human genetic linkage studies has been pr<;>vided by recognition 
of the naturally occurring variation in human DNA sequences (on average, indivi­
duals differ every 200 to 500 base pairs) and the identification of a large number 
of polymorphic markers spaced at short intervals along human chromosomes. 

Genetic linkage is based on the simple principle that the closer the marker 
polymorphism is to the gene of interest, the less likely is separation at meiosis and 
the more likely that they are coinherited (linked). The genetic locus of a particular 
disease can pe identified by the frequency of the coinheritance of the disease with 
a marker of known chromosomal location . If the genetic marker and the disease 
are unlinked (on a separate chromosome or far apart on the same chromosome) 
they are as likely to cosegregate as not, and the recombination fraction will be 
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50% or 0.5. When the marker and disease locus are on the same chromosome, the 
shorter the distance between them, the less likely is crossing over during meiosis, 
the more likely that they are inherited together, and the fewer the recombinants. 
The recombination fraction will fall from 50% (reflecting independent assortment) 
toward zero (reflecting tight linkage). 

Initial linkage studies are undertaken in families with the disease, looking for 
cosegregation of a marker of known chromosomal location with the gene involved 
in the disease. Because of the large number of markers examined in a genome screen, 
any suggestive linkage needs to be replicated with more refined linkage mapping to 
identify a "candidate gene." DNA sequencing of the candidate gene allows identifi­
cation of variations in the coding sequence (polymorphisms). Finally, population 
studies, which investigate the association between the polymorphism and the disease 
of interest, allows . estimation of the prevalence of the polymorphism and its con tri­
bution to the disease frequency and severity. 

This was the approach taken by the Oxford group in their investigation of the 
genet1c15asisof atopy. Having ooserved that 90% of atop1c asthmatics had an atop1c 
parent, a result they interpreted as indicating dominant inheritance, they undertook 
a linkage analysis within nuclear and extended families. They found significant link­
age between a marker on chromosome I lg and atopy (l l)(broadly defined as one or 
more skin-prick test reactions, specific IgE to common· inhalant allergens, or an ele­
vated serum total IgE), which they confirmed in a subsequent study of other Oxford 
families (12). Linkage was found to be primarily through maternal chromosomes 
(I 3). Because of its known location on chromosome 11 q and plausible relevance 
to atopy, they postulated the ~ chain of the high affinity IgE receptor (Fe ER 1-~) 
as the candidate gene (14). Subsequent sequence analysis identified two separate 
polymorphisms, Leu 181 and 183, present either separately or together (15). 

They subsequently studied a random population sample from the town of Bus­
selton, in Western Australia and found that the prevalence of the Leu 181/183 poly­
morphism was some 4.5%. All 13 children who had inherited the polymorphism from 
their mothers were atopic and all but one had hay fever, asthma, or both. In con­
trast, none of the eight children who inherited the gene from their fathers was atopic, 
confirming maternal transmission of gene expression (16). A number of other studies 
failed to replicate these results (17,18), which in some cases may reflect the small 
number of families studied, but probably primarily reflects the genetic heterogenicity 
of atopy and asthma. 

Chromosome 5q has also been extensively investigated because it contains 
several candidate genes relevant to asthma and atopy. These include the interleukin-
4 gene cluster, which contains IL-3, -4, -5, -9, -13, and GM-CSF, the ~2 adrenoceptor 
gene, and the corticosteroid receptor gene. Marsh et al. (19) studied 170 individuals 
from 11 Amish families in the United States and found significant linkage with total 
IgE for five markers within the 5q 31.1 region but not for the three markers (lying just) 
outside this region. Postma et al. (20) studied the children and grandchildren of 84 
Dutch probands with asthma. They found coinheritance of increased levels of total 
IgE with airway hyperresponsiveness and linkage of airway hyperresponsiveness with 
several markers on chromosome 5q. 

These studies indicate that polymorphisms of candidate genes on chromosome 
5q are probably contributing to the development of asthma and atopy, but in the 
absence of defined polymorphisms, it is not possible to determine their prevalence 
or the size of their contribution to the development or severity of disease. 
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Candidate Genes 

The second parallel approach, applicable when the biochemical basis of the disease is 
understood, is to seek polymorphisms of the genes encoding potentially relevant pro­
teins. The considerable knowledge of the cellular and molecular mechanisms of 
asthma, both the TH2 lymphocyte response and associated eosinophilic bronchitis, 
provides a remarkable array of plausible candidate genes. Investigations reported 
to date, particularly those relevant to OA, have investigated the association of 
asthma and-specific-igE antibody witlcthe-htgh1TJ)1>iynro-rptrtc:: genes encoding tlie 
major histocompatibility complex (MHC) proteins, also known as human leuko­
cyte antigens (HLAs) in man, which play a central role in the immune recognition 
of foreign proteins. 

MHC molecules are expressed as heterodimeric proteins on the cell surface. 
Foreign peptides, derived from within the cell by the degradation of endogenous 
or exogenous proteins, are bound in the groove of the MHC molecule and are 
expressed as an MHC peptide complex which is recognized in a very specific way 
by the T cell receptor (TCR) on the surface of T lymphocytes. This trimolecular 
complex [MHC protein, foreign peptide (epitope), and TCR] is at the center of 
immune recognition and response. MHC proteins are divided into two classes: 
MHC-1 and -2. MHC Class I proteins (HLA-A, -B, and -C antigens in man) are 
expressed on the surface of all cells; MHC Class 2 (HLA-DR, -DP, and -DQ anti­
gens in man) proteins are expressed on the surface of antigen presenting cells such 
as dendritic cells, B lymphocytes, macrophages, and some epithelial cells. MHC 
Class I proteins present endogenous peptides which are mostly recognized by 
CD8+ (cytotoxic) T lymphocytes; MHC Class 2 proteins present exogenous peptides 
which are recognized by CD4+ (helper) T lymphocytes, although there are excep­
tions, where Class I peptide complexes are recognized by CD4+ cells and Class 2 
peptides by CD8+ cells. 

MHC proteins are encoded on the short arm of chromosome 6. HLA-A, -B, 
and -C each have one gene on each chromosome. HLA-DR has i.Ip to four genes 
and HLA-DP and -DQ each have two genes encoding a and ~ chains, a total of 
12 genes for the HLA system on each chromosome allowing a potential 24 different 
HLA types in any individual. HLA genes are also highly polymorphic with more 
than 200 variants of these 12 genes, which are numbered in sequence (e.g., HLA-AI, 
-A2, -A3, etc.) providing billions of potential combinations of the 200 genes that are 
unique to each individual (other than identical twins who share the same HLA type). 

MHC proteins have evolved as a mechanism of self-defence against infective 
agents, which are themselves continually changing and adapting. HLA genes are 
reshuffled in each generation and the constantly changing resistance against infection 
in the reshuffling process has been proposed as the major evolutionary benefit of sex. 

Because MHC proteins bind epitopes in the molecular groove (Bjorksten 
groove), created by the ~-pleated sheet of the heterodimer, polymorphisms in the 
genome determine the capacity to bind specific epitopes and present them to T cells. 
Epitopes that are not presented will not activate (and therefore effectively bypass) 
the immune response. 

Allergens and low-molecular weight chemical haptens, which bind to host 
proteins, are taken up by dendritic cells, degraded into oligopeptides which are 
bound in the groove of MHC-2 proteins, expressed on the cell surface, and recog­
nized by CD4+ T lymphocytes possessing the relevant TCR. Variation in the immu­
nological response to inhaled allergens and haptens may therefore in part be 
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determined by differences in HLA type. For this reason, studies of the molecular 
genetics in OA have to date focused on searching for associations between MHC 
Class 2 (HLA-DR, -DP, and -DQ) genes and the development of specific IgE anti­
body and asthma in those who are exposed to allergens and haptens in the workplace. 

Before the advent of molecular techniques, HLA typing was undertaken sero­
logically. The ability to distinguish HLA types by molecular methods-probing with 
sequence-specific oligonucleotides (SSOs) after amplification by polymerase chain 
reaction (PCR) or, more specifically, using sequence-specific primers (SSPs)-has 
increased considerably the number of different HLA types recognized and the accu­
racy of their identification. In addition, knowledge of the amino acid sequence of dif­
ferent HLA molecules has allowed the identification of specific amino acid 
substitutions in HLA molecules, which may be associated with susceptibility or resis­
tance to a particular disease [see isocyanate-induced asthma and chronic beryllium 
disease (CBD) below]. 

Studies relating to the associations of disease with a particular HLA hap!otype 
have usually been made by comparing the frequency of the HLA haplotype in 
patients with the disease, with the frequency in an appropriately matched referent 
group. The relative risk between the two groups can be expressed as an -odds ratio 
and appropriate statistical tests can be applied. A significant association between 
the disease .and HLA type may imply: 

A Cause and Effect Relationship 

The particular HLA type is a genetic determinant of the disease whose importance is 
reflected in the size of the odds ratio. An odds ratio in excess of 100 (e.g., ankylosing 
spondylitis and HLA-B27) implies the particular HLA type as a major genetic deter­
minant of the disease. Odds ratios of this size are rare and weaker associations more 
usual. In these circumstances, the contribution of the particular HLA to the disease, 
although real, may be of less importance than other genes or environmental factors . 
The effect of multiple gene polymorphisms, however, can be cumulative. 

Linkage Disequilibrium 

Linkage disequilibrium takes place when two genes occur together more frequently 
than would be expected by chance. This is more likely to occur with HLA poly­
morphisms which can confer a selective advantage against infectious disease. 
For example, HLA-Al and -B8 occur more frequently than would be expected by 
chance in North Europeans, possibly because this combination conferred protection 
against plague. An HLA type which is associated with a disease may, therefore, only 
be a marker for a polymorphism of another HLA gene with which it is in linkage 
disequilibrium. 

Confounding 

The association of the disease with HLA type reflects the association of HLA type 
with a particular ethnic or geographical group, which differs between the disease 
group and the referent group. As an illuminating example of such confounding, 
Lander and Schork (21) highlighted the association of HLA-Al with the ability to 
use chop sticks in the population of San Francisco, a relationship more likely to 
reflect the higher prevalence of this polymorphism in Chinese than in Caucasians, 
than immunological determinism of agility in handling chopsticks. Referent groups 
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need to be matched with the disease group or be capable of adjustment for factors 
which may confound HLA relationships that include social, geographical, and 
ethnic background. 

Overestimating the High Probability of a Chance Association in 
Multiple Comparisons 

The majority of studies which have explored associations between the HLA types 
and the disease have been "fishmg exped1t10ns" undertaken without a specific pnor 
hypothesis. The probability of an association occurring by chance among the multi­
ple comparisons made with different HLA types is predictably high. This problem 
can be overcome in at least two ways. 

a. Applying Bonferroni's correction the P value of each test is multiplied by 
the number (A) of comparisons made (P' = AP). For example, where 
P = 0.02 and five comparisons have been made, Bonferroni's correction: 
P= 0.02 x 5 = 0.1. 

b. The results of the fishing expedition are regarded as hypothesis generat­
ing, from which a specific hypothesis informed by the results of the initial 
study may be tested in a hypothesis testing study in a second independent 
population. 

ASSOCIATION STUDIES IN COMPLEX DISEASES 

Linkage analyses and association studies are the most widely used methods to iden­
tify genetic determinants of complex diseases. Linkage analyses identify genes 
responsible for diseases with simple Mendelian inheritance, such as cystic fibrosis. 
However, the application of linkage analysis to complex disorders is very difficult 
because of genetic heterogeneity, incomplete penetrance, and gene-environment 
interactions, Association studies are usually performed to study the genetics of mul­
tifactorial diseases. The case-control study is the most widely used design for detect­
ing common disease alleles with modest risk, in which the differences in allele or 
genotype frequencies between cases and controls are evaluated. However, the char­
acteristics of complex diseases also limit the power of association studies. The gen­
eral limitations for such studies are population stratification, small sample sizes, 
modest genetic effects, gene-environment interactions, the assessment of statistical 
significance, and multilocus effects. In addition, the difficulties in quantifying and 
characterizing exposure characteristics (length of exposure, onset of symptoms, 
etc.), intermediate phenotypes (such as IgE levels or airway responsiveness in the 
case of asthma), and multiple outcomes make association studies of complex traits 
a challenge (22-25). 

In multifactorial diseases, the risk is often confounded by interactive and addi­
tive effects of genes and by interactions between genes and environmental or occupa­
tional factors as has been shown in the case of silicosis (26). Silicosis, an interstitial 
Jung disease resulting from inhalation of crystalline silica, is characterized by chronic 

. inflammation leading to severe pulmonary fibrotic changes. Proinflammatory cyto­
kines, such as tumor necrosis factor (TNF) a. and IL- I, have been implicated in 
the formation of these lesions and a strong association was found between the dis­
ease severity and TNFcr-238 variant. Gene-gene interactions, including IL-la. 
+4845 plus TNFcr-238 and IL-lRA +2018 plus TNFcr-308, were associated with 
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Figure 1 Gene-environment interactions in the development of asthma. 
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altered risk for silicosis (P = 0.04 for both). Three-way interaction analysis between 
each gene-gene interaction and exposure showed that the prevalence of silicosis 
increases with increasing exposure, except in the case where both IL-lex +4845 
and TNFcx-308 minor variants are present (26,27). Figure I illustrates a similar inter­
action model for asthma. Susceptibility genes are assumed not to confer a major risk 
for the disease; rather they act either alone or in combination with other genes to 
modify disease progression, severity, or resolution after exposure to triggering 
factors. The interaction between genes and exposure usually determine the onset 
or expression of disease. Gene-environment interactions may be measured by the 
different effects of an exposure on disease risk among individuals with different gen­
otypes, or by the different effects of a genotype on disease risk among individuals 
with different exposures (28,29). In OA, the main factors that affect the onset of 
the symptoms are the types and intensity of allergen exposure. The higher the level 
of exposure, the more likely sensitization will develop and the Jess the genetic influ­
ence. The genetic variations do not cause qualitative differences in the response, but 
rather induce a shift in the dose-response relationship (30). OA may be a good 
model for studying gene-environment interactions because the exposure, the time 
that individual became sensitized, and the interval between exposure and onset of 
clinical symptoms can be observed (31). 

Occupational Asthma 

Investigation of the genetic influences and of genetic-environmental interactions in 
the development of asthma and atopy in the general community is beset by consider­
able difficulties. The problems of phenotype definition have already been described. 
In addition, there have to date been few identified polymorphisms associated with 
atopy or asthma. There is also a Jack of accurate measures of exposure to relevant 
allergens in defined populations, necessary to assess exposure-response relationships 
and from these, genetic-environmental interactions. 



96 Newman-Taylor and Yucesoy 

OA overcomes many of these hurdles. Unambiguous case definition (pheno­
type) can be made on the basis of inhalation tests (for asthma) or serological tests 
for specific lgE or skin-prick test responses (for immunological sensitization). The 
disease occurs in identifiable and circumscribed populations, in well-defined and 
measurable circumstances of exposure. 

The majority of reported cases of OA fulfill the criteria for a specific hyper­
sensitivity response, implying the development of an immunological reaction to the 
responsible initiating agent. For most of the causes of hypersensitivity-induced OA, 
there 1s accompanying evidence of specific lgE antibody. This implies specific activa­
tion ofTH2 lymphocytes with IL-4 and -5 generation. Specific lgE antibody has been 
identified for all high-molecular-weight proteins and for some low-molecular-weight 
chemicals (e.g., acid anhydrides, complex platinum saits, and reactive dyes). How­
ever, asthma caused by low-molecular-weight chemicals, such as isocyanates and 
plicatic acid, has been accompanied by specific lgE antibody, inconsistently, in a min­
ority of cases. Examination of the airway mucosa in bronchial biopsies from patients 
with asthma induced by isocyanates and plicatic acid, however, has shown the pre­
sence of activated lymphocytes and eosinophils-a pattern of cellular infiltration 
characteri.stic of allergic asthma. Astluna in these cases may be the outcome of 
activated IL-5 but not IL-4 secreting TH2 lymphocytes. 

HLA and High-Molecular-Weight Allergens 

HLA association studies are likely to be most fruitful when studying immunological 
responses or diseases initiated by proteins with a limited number of epitopes. HLA 
molecules bind to and present single epitopes to T lymphocytes. Multiple epitopes 
are likely to be expressed by different HLA molecules diluting the strength of any 
individual HLA--epitope associations that may be important in disease etiology. 

In their studies of the relationship of HLA types with specific lgE to purified 
short ragweed pollen allergens, Marsh et al. (32) found the strongest associations 
of the low-molecular-weight allergens-HLA-DR2.2 with specific lgE to Amb aV 
and HLA-DR5 and Amb a VI (33). The associations with high-molecular-weight 
allergens were weaker, probably reflecting the greater epitope density on high-mole­
cular-weight proteins. 

Possibly for this reason the majority of published studies of HLA associations 
in OA have been investigations of low-molecular-weight chemical sensitizers, which 
act as haptens and are probably a constituent of the epitope, potentially minimizing 
the number of epitopes, and therefore different HLA molecules, engaged in the 
immune response. 

The majority of studies of OA caused by high-molecular-weight allergens have 
not found strong relationships. Three association studies have been reported of 
laboratory animal allergy and HLA. One study found the prevalence of HLA­
DR4 and -BIS in 27 cases oflaboratory animal allergy, which was about double that 
of normal controls, and of those drawn from the same workforce (34). In another 
study, Kerwin et al. (35) reported HLA restriction of human T lymphocyte 
responses, from nine mouse allergic patients, to mouse allergens (Mus m I). There 
was an excess of HLA-DR4, -DRII, and -DRWl7 in the nine cases as compared 
to 100 controls tested in the same laboratory. Both of these studies included only 
a small number of cases (27 and 9), and the first investigated the association of 
HLA with specific lgE to a complex mixture of high-molecular-weight protein aller­
gens present in rat urine. 
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Table 1 Laboratory Animal Allergy. HLA: Sensitization and Symptoms (OR 95% CI8
) 

Sensitization 
Work-related chest 

symptoms 
Sensitization + work­

related chest symptoms 

HLA-DR7 
HLA-DR3 

1.82 ( 1.12-2.97) 
0.55 (0.31--0.97) 

a Adjusted for atopy, exposure, and site. 

2.96 (1.64-5.37) 
0.71 (0.35-1.45) 

3.81 (1.90-7.65) 
0.57 (0.24-1.32) 

Abbreviations: CI, confidence interval; HLA, human leukocyte antigen; OR, odds ratio. 
Source: From Ref. 36. 

The third and considerably the largest reported study of HLA associations in 
laboratory animal allergy was of 109 cases with specific IgE to rat urine proteins and 
of 397 referents from six phannaceutical companies in the United Kingdom. The 
cases and referents had worked with rats for a similar period, an average of eight 
years. · Jeal et al. (36) found an increasingly strong association between HLA-DR 7 
and specific IgE to rat urine protein, work-related respiratory symptoms · and 
work-related respiratory symptoms with specific IgE to rat urine protein. Individuals 
with specific IgE to rat urine protein were more likely than referents to be HLA-DR3 
negative (Table 1). 

Although the authors recognize that the findings should be considered as 
hypothesis generating, needing testing in a separate population, they do have biolo­
gical plausibility. The lipocalin rat allergen (Rat n 1) binds with high affinity to 
hydrophobic ligands. Of seven amino acid residues in which HLA-DR3 and -DR 7 
differ in their hydrophobicity, six are hydrophobic in HLA-DR 7 and hydrophilic 
in HLA-DR3. Pocket nine of the peptide-binding groove of the HLA molecule 
has three polymorphic residues (positions 9, 37, and 57), all of which are hydropho­
bic in HLA-DR 7 and hydrophilic in HLA-DR3. Binding affinity for Rat n 1 could 
be increased by hydrophobic residues in pocket nine of HLA-DR 7 and reduced by 
hydrophilic residues of HLA-DR3, plausibly, at least in part, explaining these differ­
ential HLA associations with allergy to rat urine proteins. 

HLA and Low-Molecular-Weight Chemical Sensitizers 

Low molecular chemical haptens have, at least in theory, the advantage for HLA 
association studies that if they are a constituent part of the "foreign" epitope, the 
potential for dilution of association by multiple ·epitopes is diminished. Certainly, 
the majority of association studies of HLA with the development of specific IgE 
or asthma have been reported for cases caused by low-molecular-weight chemicals. 

Acid Anhydrides. Young et al. (37) reported an association between HLA­
DR3 and the presence of specific IgE antibody to albumin conjugates of trimellitic 
anhydride (TMA) but not the closely related phthalic anhydride (PA). The 30 cases 
were chosen from acid anhydride workers identified from factory surveys or from 
clinical referrals as having specific IgE antibody to TMA, PA, or tetrachlorophthalic 
anhydride (TCPA). Twenty-eight (93%) cases had rhinitis, asthma, or both. The 30 
referents were matched on type and duration of acid anhydride exposure such that 
they had an equal opportunity for developing specific IgE to anhydrides. Referents 
did not have specific IgE (identified by skin-prick test or RAST) to acid anhydrides 
or symptoms of rhinitis or asthma. Referents were also matched for atopy and 
smoking habit. 
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Table 2 HLA-DR3 Frequency in Cases and Referents Exposed to the Acid Anhydrides 
TMA, PA, and TCPA 

Acid anhydride 
exposure Cases DR3+ Referents DR3+ Odds ratio p 

TMA 8/1 I 2/14 16 <0.05 
PA 2/12 2/14 
TCPA 5/7 0/0 
Total 15/JO-t50%) 4/2s-(1"4%) 

Abbreviations: HLA, human leukocyte antigen; PA, phthalic anhydride; TMA, trimellitic anhydride; 
TCPA, tetrachlorophthalic anhydride. 
Source: From Ref. 37. 

The frequency of HLA-DR3 in cases and referents exposed to the three anhy­
drides is shown in Table 2. After correction for multiple comparisons, HLA-DR3 
was found significantly more frequently in the cases of TMA sensitization with an 
odds ratio of 16. Cases of PA sensitization, however, were no more likely to be 
HLA-DR3 positive than their referents. The proportion of TCPA cases that were 
HLA-DR3 positive (5/7) was similar to that of TMA (8/11), but unfortunately no 
referents were obtained for comparison. 

The results of the study suggested HLA type to be important in determining 
the development ofspecific lgE to TMA, possibly TCPA, but not PA. The study, 
however, had no specific prior hypothesis and the association of specific IgE to 
TMA with HLA-DR3 requires testing in another population. 

Isocyanates (and Beryllium). Isocyanate-induced asthma differs from the 
majority of cases of acid anhydride-induced asthma in the lack of a consistent 
accompaniment of specific IgE antibody. Although the explanation for the lack of 
specific lgE antibody to isocyanates may be technical, it suggests a possible differ­
ence in the nature of the immunological response underlying the development of iso­
cyanate-induced asthma. Nonetheless, the finding of activated lymphocytes and 
eosinophils in bronchial biopsies from cases suggests an immunological basis for 
the disease. 

Bignon et al. (38) investigated HLA specificity in isocyanate-induced asthma 
and found an association of disease with HLA-DQB*0503 and an inverse relation­
ship with HLA-DQB*0501 (Table 3). In a subsequent study, Balboni et al. confirmed 
these results in another population of isocyanate workers and observed that in the 57 
position ofHLA-DQBl, aspartic acid was present in HLA-DQBI •0503 and valine in 
HLA-DQBl.0501 (Table 4) (39). The observations suggested that the amino acid 

Table 3 Isocyanate-Induced Asthma and HLA DQBl.0501 and •0503 

Isocyanate asthma Referents 

HLA-DQBI 56 32 
·0501 I (2%) 5 (16%) 
·0503 7 (13%) 0 (0) 

Abbreviations: HLA; human leukocyte antigen; RR, relative risk. 
Source: From Ref. 38. 

RR p 

0.14 <0.03 
9.8 <0.04 
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Table 4 Isocyanate-Induced Asthma and HLA-DQB Asp 57 

HLA-B Asp 57 haplotypes 

Asp 57+ homozygotes 
Asp 57 heterozygotes 
Asp 57- homozygotes 
Total 

Abbreviation: HLA, human leukocyte antigen. 
Source: From Ref. 39. 

Isocyanate asthma 

17 (57%) 
12 (40%) 
1 (3%) 

30 

Referents 

44 (32%) 
73 (53%) 
21 (15%) 

138 

99 

present in residue 57 of HLA-DQBI could be an important determinant of suscept­
ibility to isocyanates in exposed workforces. 

The importance of a specific amino acid substitution in an HLA molecule in 
determining the ability of an individual to present a hapten has also been suggested 
6yR1cheld1 et al. (40) m relat10n to CBD. CBD, a disease very similar in its clinical 
manifestations to sarcoidosis, is characterized by the presence -of hypersensitivity 
granuloma and proliferation of T lymphocytes froni blood and bronchoalveolar 
lavage when incubated with beryllium salts. Richeldi et al. (40) demonstrated a 
strong association between the presence of glutamic acid in position 69 of the 131 
chain of the HLA-DPBI molecule and development of CBD in exposed workers. 
Of the 32 cases of CBD, 31 (97%) were HLA-DPBl * Glu 69 positive as compared 
to 27% of the 44 referents without CBD. · 

Complex Platinum Salts (and Beryrnum Again). Complex platinum salts, of 
which ammonium hexachloroplatinate (ACP) is the most important, are essential 
intermediates in platinum refining. ACP is a potent cause of asthma, which is asso­
ciated with an immediate skin-prick test response in the majority of cases. 

In a case-referent study of the male workforce of a platinum refinery in South 
Africa, Newman Taylor et al. (41) found an excess of HLA-DR3 and a deficit of 
HLA-DR6 in skin-test positive cases as compared to referents, matched for intensity 
and duration of exposure and ethnic background. Stratifying those employed into 
"high" and "low" exposure jobs, the relative risk of a case being HLA-DR3 positive 
or HLA-DR6 negative was greater in the low than in the high exposure groups (Table 5). 

These results suggest that in those occupationally exposed to ACP, genetic 
susceptibility is an important determinant of the development of sensitization. 

Table 5 HLA and Exposure Intensity vs. Sensitization to Complex Platinum Salts 

Cases, n (%) Referents, n (%) 

HLA-DR3 
All 18 (41) I 5 (26) 
Low exposure 6 (55) 4 (22) 
High exposure 12 (36) I I (28) 

HLA-DR6 
All 16 (36) 34 (60) 
Low exposure 2 (18) 12 (67) 
High exposure 14 (42) 22 (56) 

Abbreviations: HLA, human leukocyte antigens; OR, odds ratio; Cl, confidence index. 
Source: From Ref. 41. 

OR (95% CI) 

2.3 (1 .0-5.6) 
Infinite 
1.6 (0.6-4.J) 

0.4 (0.2-0.8) 
O.l. (0.02-1.1) 
0.5 (0.2-1.3) 
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and although the absolute risk of becoming a case is greater in the more heavily 
exposed, among those who were HLA-DR3 positive or -DR6 negative, the rela­
tive risk of becoming sensitized to ACP was markedly greater in those with lower 
exposure to ACP. 

The other study that has investigated genetic environmental interactions is 
that reported by Richeldi et al. (42) of the risks of developing CBD in a factory 
workforce exposed to beryllium, in relation to intensity of exposure (using job title 
as a surrogate measure) and HLA-DPBI Glu 69 (Table 6). On exposure to beryl­
lium, 6 out of 127 cases (4.7%) developed CBD, the majority of cases (5/6) occurring 
among the machinists in the high-exposure group (ca. 0.9 µg/m 3

) . Five cases 
occurred among the 41 HLA-DPBI Glu 69 positive individuals (12.2%) and one case 
among 86 HLA-DPBI Glu 69 negative individuals (1.2%), a IO-fold increased risk 
for HLA-DPBI Glu 69 positive individuals. Because the number in the study popu­
lation was small, it is difficult to interpret genetic environmental interactions with 
confidence, only one case of CBD occurring in a nonmachinist who was HLA-DPBI · 
Glu 69 positive. The results, however, indicate an exposure-response relationship 
overall and in the Glu 69 positive group. In contrast to the findings in the ACP popu­
lation, the relative risk of developing CBD in Glu 69 positive individuals was greater at 
higher levels of exposure to beryllium. 

Implications of HLA Associations 

These HLA associations have clear biological implications. They provide substantial 
evidence for specific immunological response in the development of OA initiated by 
low-molecular-weight chemical sensitizers. This is of particular importance for iso­
cyanate-induced asthma, where the absence of demonstrable specific IgE antibody 
has led to suggestions that the disease is not immunologically mediated. The clear 
evidence for HLA association, taken with the finding of infiltration by activated lym­
phocytes and eosinophils in bronchial biopsies, provides coherent evidence for an 
immunological mechanism. In the case of acid anhydrides and complex platinum 
salts, where there is evidence for an exposure-response relationship, modified parti­
cularly by smoking but also by atopy, the association of sensitization with HLA type 
identifies a further and important risk factor, whose magnitude may vary with the 
level of exposure. 

Genetic markers, such as HLA polymorphisms, hold out the hope that they 
will allow identification of susceptible individuals. However, to date, as with asthma 
caused by agents such as laboratory animals and platinum salts, and atopy, the asso­
ciation is not strong enough to be used as a discriminatory preemployment tool. 

Table 6 Beryllium Exposure 

HLA-DPB1 Glu 69 +ve 
HLA-DPBI Glu 69 -ve 
Total 

Machinist 
(0.9 µg/m 3

) 

4/16 (25%) 
1/31 (3 .2%) 

5/47 (10.6%) 

Abbreviarion: HLA, human leukocyte antigen. 
Source: From Ref. 42. 

Non-machinist 
(0.3 µg/m 3

) 

1/25 (4%) 
0/55 (0%) 

1/80 (1.3%) 

Total 

5/41 (12.2%) 
1/86 (1.2%) 

6/127 (4.7%) 
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In the best studied, and only replicated, example of HLA-DPB1 Glu 69 and CBD, 
although 25% to 30% of the beryllium-exposed population were Glu 69 positive 
and the disease virtually limited to Glu 69 positive individuals, only 12% of Glu 
69 positive individuals developed disease. More than 85% (36/41) of the exposed 
individuals who were Glu 69 positive did not develop CBD, suggesting that while 
HLA type has ari influence on the development of the disease, other genetic and 
environmental factors are at least as important. One of the factors described above 
was intensity of exposure to beryllium, but even among machinists (the high expo-
sure group) only 10% overall and 25% who were Glu 69 positive developed CBD. 
Accurate prediction of individuals at risk of developing allergic lung disease, includ-
ing OA, will have to await the identification of other relevant genetic polymorph-
isms, knowledge of which will need to be integrated into an understanding of 
exposure-response relationships, their modification .by environmental (e.g., tobacco 
smoking) factors , and by the possibly varying influence of genetic_ susceptibility at 
different--lev.els-Gf--ex.pGsui:~.~--------- ----------- -------

Association Studies in Asthma 

Although MHC variants are strongly associated with asthma, genes which regulate 
inflammatory and allergic components are also involved. Many of these genes are 
found on chromosomes 5q31-q33, 6p21, l lql3, and 12q (22,43) including cytokines 
IL-4, -5, -~, -13, and TNFcr, which are either determining or modifying factors in 
immunologic responses to asthma. Tumor growth factor (TGF)Pl, IFNy, IL-Ip, 
IL-4 receptor a (IL-4Rcr), IL-10, -12B, TNFcr, and IL-13 are some of the candidate 
cytokine genes with known polymorphic variants involved in asthma and related 
phenotypes (44-50). Of these, TGFPl, IL-4, -4Rcr, -10, and -13 are more likely involved 
in the development of immune-mediated asthma while IFNy, TNFa, IL-Ip, and -l 2P are 
involved in inflammation. Recently, variations in other chromosomal regions have been 
associated with asthma phenotypes including toll-like receptor (TLR)-10, ADAM 33, 
CD14, monocyte chemoattractant protein-I (MCP-1), and angiotensin-converting 
enzyme genes (51-54). Examples of single nucleotide polymorphisms (SNPs) associated 
with asthma or its partial phenotypes are given in Table 7. 

The potential for gene-gene interactions in disease initiation and severity also 
exists for polygenic diseases such as asthma. For example, a significant. gene-gene 
interaction exists between IL-4Rcx (+478) and IL-13 (-1111), such that individuals 
homozygous for both the IL-4Rcx variant and heterozygous or homozygous for 
the IL-13 variant are almost five times more likely to develop asthma than those 
without the genotype (55). In addition, individuals with the IL-4 590C and the IL-
4Rcr Arg551 genotype have been reported to have a higher risk of developing asthma 
(56). However, the role of these SNPs, and others with similar activities, has not been 
comprehensively examined in OA. As in other forms of asthma, inflammatory 
changes and allergen-specific T lymphocytes are found in the airways of many 
patients with OA, along with eosinophils, cytokines, and serum IgE antibodies 
(57-59). Thus, similar genetic associations as in immune-mediated asthma might 
be expected to occur in OA. 

A role for low-penetrance genes in disease modification has been identified for 
OA. Oxidative stress is a major component of inflammation, and impaired ability to 
detoxify reactive oxygen species (ROS) may perpetuate the inflammatory processes 
and precipitate asthma symptoms (60). In this respect, genes coding for antioxidant 
enzymes such as glutathione S-transferases (GSTs) and N-acetyl transferase (NAT) 
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Table 7 Examples of Associations Between Polymorphisms and Asthma or Related 
Phenotypes in Different Populations 

Gene SNP position Summary References 

IL-IO -627 -627 A allele reported to be a risk . (47) 
factor of developing atopic 
asthma 

IL-12B -4237, -6402 .-4237 and -6402 polymorphisms (48) 
were associated with asthma 
severity-phenotype 

IL-13 -1055 -1055IT genotype was found to be (50) 
associated with the development 
allergic asthma 

TLR-10 +1031, +2322 +1031 and +2322 SNPs were (51) 
associated with physician-
diagnosed asthma 

ADAM 33 ST+7 ST+ 7 SNP was associated with (53) 
asthma 

IL-4Rcx S478P Significant association was found (55) 
between S478P and high lgE levels 

TNFcx -308 Homozygosity for -308 allele was (79) 
associated with increased risk of 
physician-diagnosed asthma 

TGFl3 -509 -509T variant was associated with (80) 
asthma severity 

IL-4 -589 -589T variant was associated with (81) 
the development of asthma and 
the regulation of total serum lgE 

IL-3 Ser27Pro 27 Pro allele showed protective (82) 
effect on development of asthma 
in nonatopic subjects 

GSTPI Ile-I 05 Gene-environment interaction was (83) 
reported between Ile- I 05 
homozygotes and outdoor air 
pollution for childhood asthma 

CD14 -159 -159T variant was associated with (84) 
expression of a more severe 
asthma 

Abbreviations: IL, interleukin; TLR, toll-like receptor; TNF, tumor necrosis factor; GST, glutathione 
S-transferases; TGF, tumor growth factor; CD, cytotoxic drug. 

are strong candidates for OA association studies. GSTs play an important role in the 
protection of cells from ROS damage because they detoxify a wide variety of electro­
philes such as lipid and DNA peroxides. GSTP, located on chromosome l lqI3, 
provides more than 90% of the GST activity in the lung and contains two genetic 
polymorphisms: an A-+G transition at nucleotide + 313 that leads to the 105 Ile/ 
Val substitution, and a C-+T transition at nucleotide +314. It has been demon­
st.rated that the val variant alters specific activity and affinity for electrophilic sub­
strates. For example, sevenfold greater catalytic activity for polycyclic aromatic 
hydrocarbon diol epoxides and a threefold lower activity for 1-chloro-2,4-dinitroben­
zene were reported in individuals with the rare allele (61,62). An association was also 
found between the 105 val variant and lung cancer and COPD (63-65). Earlier, the 
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GSTPI val/val genotype was reported to confer a sixfold lower risk of asthma 
(OR= 0.16; 95% CI: 0.05-0.55) and IO-fold lower risk (OR= 0.11, 95% CI: 
0.02--0.50) for high IgE levels (60). Although it did not achieve statistical significance, 
a protective effect of val/val genotype was observed in TOI-induced asthma in sub­
jects exposed to TDI for IO or more years (OR= 0.23, 95% CI: 0.05-1.13) (66). In 
these studies the homozygosity for the val variant was lower in subjects with asthma 
(5.1 %) after IO years of TDI exposure than in those without asthma (18.8%). 
Although the sample size was low and statistical significance was not attained, this 
finding points to the importance of exposure intensity and other genetic factors in 
the development of asthma after short-term exposure (67). In another study, 182 
diisocyanate-exposed workers were examined for GST polymorphisms (68). GSTMI 
null and GSTM3 AA genotypes were related to late reactions in the specific bronchial 
provocation test, individually (OR= 2.82, 95% CI: 1.15-6.88 and OR= 3.75, 95% CI: 
1.26-11.2, respectively) or in combination (OR= 11.0, 95% CI: 2.19-55.3). GSTMI 
catalyzes the reaction of glutathione for a wide variety of organic compounds to form 
thioethers: The homozygosity for the -GSTM-I null-allele results in loss of gene func­
tion. Although relatively little is known about the role of the GSTM3 in enzyme 
metabolism, it is known to have overlapping substrate specificities with GSTM I 
(69). GSTMI null and the combination of GSTMI null and GTM3AA genotypes 
were also reported to be related with Jack of diisocyanate-specific IgE antibodies. 
Although the GSTPI val/val genotype was associated with higher total serum IgE 
levels (OR= 5.46, 95% CI:_ 1.15-26.0), no statistically significant association was 
observed between GSTPI genotypes and risk of diisocyanate-induced asthma. The 
difference in total serum IgE levels with respect to GSTPI val/val genotype, com­
pared to the data of Fryer et al. (60), may be explained by the small sample size, 
differences in the study populations, and the Jevef and nature of exposure. 

Like GSTs, there are large inter-individual variations in enzyme responses of 
NA Ts. NA Ts are involved in the deactivation of aromatic amines that can be formed 
from aromatic diisocyami.tes (70) and also play a role in the inactivation of 
proinflammatory cysteinyl leukotrienes· which are potent mediators of airway nar­
rowing (71). Polymorphisms in the NAT genes have been associated with lung cancer 
(72, 73). The NA Tl variant, responsible for slow acetylation, was found to be asso­
ciated with a 2.5-fold higher risk for developing diisocyanate-induced asthma (95% 
CI: 1.32-4.91) and 7.7-fold risk for developing TOI-induced asthma (95% CI: 
1.18-51.6) (74). The presence of GSTM I null and either NATI or NAT2 genotypes 
also conferred an increased risk (OR= 4.53; 95% CI: 1.76-11.6 and OR= 3.12; 95% 
CI: 1.11-8.78, respectively). Similar associations were also reported for the NATI 
and NAT2 slow acetylator genotypes (OR= 4.20; 95% CI: 1.51-11.6). 

FUTURE DIRECTIONS 

Meta-analyses of genetic association studies are currently underway to he]p identify 
susceptibility loci in candidate genes. Reports from multiple studies may help to 
establish genes with modest effects for multifactorial diseases such as asthma 
(75,76). Advance high-throughput technologies available for data generation an_d 
the amount and complexity of the data that can be obtained require th1e creation 
of new algorithms and methodologies for use in the computational interpretation 
and analysis of biological data. These advances could lead to better predictive 
models to incorporate genetic variability for human risk assessment (77). 
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The conduct of genetic studies raises the ethical, legal, and social implications 
of such research. The scientific profit from genetic research requires full integration 
of ethics components into the structure and functioning of genetic studies (78). The 
formulation and adoption of societal issues and widespread education are required 
to protect individuals against genetic-based discrimination or inappropriate use of 
the results (80). Despite the increasing availability of such data, there has been little 
effort to incorporate genetic information into the risk assessment process. Molecular 
epidemiology studies in workplace would provide more accurate information on the 
mter-md1v1dual vanability that could be used in risk assessment and for improving 
the regulation and redefinition of acceptable exposure levels in the workplace. This 
information would also be useful .in the development of more appropriate disease 
models that help to investigate disease risk, gene-environment interactions, and 
new therapeutic or treatment regimens. 

REFERENCES 

1. Cookson WO, Hopkin JM. Dominant inheritance of a topic immunoglobulin responsive­
ness. Lancet 1988; 1 :86-88. 

2. Sibbald B. Genetic basis of asthma. Semin Resp Med 1986; 7:307-315. 
3. Jenkins MA, Hopper JL, Flander LB, Carlin JB, Giles GG. The associations between 

childhood asthma and atopy and parental asthma, hay fever and smoking. Paediatr Peri­
na! Epidemiol 1993; 7:67-76. 

4. Edfors-Lub ML. Allergy in 7000 twin pairs. Acta Allergol 1971 ; 26:249-285. 
5. Hopper JL, Hannah MC, Macaskill GT, Matthews JD. Twin concordance for a 

binary trait: III A bivariate analysis of hay fever and asthma. Genet Epidemiol 1990; 
7:277-299. 

6. Harris JR, Magnus P, Samuelsen SO, Tambs K . No evidence for effects of family envir­
onment on asthma. A retrospective study of Norwegian twins. Am J Respir Crit Care 
Med 1997; 156:43-49. 

7. Hanson B, McGue M, Rortman-Johnson B, Segal NL, Bouchard TJ, Blumenthal MN. 
Atopic and immunoglobulin E in twins reared apart and together. Am J Hum Genet 
1991; 48:873-879. 

8. Cooke RA, Vander Veer A. Human sensitization. J Immunol 1996; I :201-305. 
9. Schwarz M. Heredity in Bronchial Asthma. Copenhagen: Munksgaard Press, 1952. 

10. Sibbald B, Horn MC, Brain EA, Gregg I. Genetic factors in childhood asthma. Thorax 
1980; 35:671-674. 

11. Cookson WOCM, Sharp PA, Faux JA, Hopkin JM. Linkage between immunoglobulin 
E responses underlying asthma and rhinitis and chromosome l lq . Lancet 1989; I: 
1292-1295. 

12. Young RP, Sharp PA, Lynch JR, et al. Confirmation of genetic linkage between atopic 
IgE responses and chromosome l lq 13. J Med Genet 1992; 29:236-238. 

13. Cookson WOCM, Young RP, Sandford AJ. Maternal inheritance of atopic lgE respon­
siveness on chromosome 11. Lancet 1992; 340:381-384. 

14. Sandford AJ, Shirakawa T, Moffatt MF, et al. Localization of atopy and p subunit of 
high affinity lgE receptor (FCERI) on chromosome liq. Lancet 1993; 341:332-334. 

15. Shirakawa T, Airong L, Dubowitz M, et al. Associations between atopy and variants of 
the P subunit of the high affinity immunoglobulin E receptor. Nat Genet 1994; 7:125-130. 

16. Hall J, Faux J, Ryan G, et al. FCERI-P polymorphisms and risk of atopy in a general 
population sample. Brit Med J 1995; 311:776-779. 

17. Lympany P, Welsh KI, Cochrane GM, Kenemy DM, Lee TH. Genetic analysis of the 
linkage between chromosome l lq and atopy. Clin Exp Allergy 1992; 22:1085-1092. 



Genetics and Occupational Asthma 105 

18. Rich SS, Roitman Johnson B, Greenberg M, Roberts S, Blumenthal MN: Genetic 
analysis of atopy in three large kindreds: no evidence of linkage to DI IS 97. Clin Exp 
Allergy 1992; 22:1070-1076. 

19. Marsh DG, Neely JD, Breazeale DR, et al. Linkage analysis of IL4 and other chromo­
some 5q 31.1 markers and total serum lgE concentrations. Science 1994; 264: 1152-1156. 

20. Postma DS, Bleeker ER, Alemung PJ, et al. Genetic susceptibility to asthma-bronchial 
hyperresponsivenes coinhertied with a major gene for atopy. N Engl J Med 1995; 
333:894-900. 

21. Lander ES, Schork NJ. Genetic dissection of complex traits. Science 1994; 265:2037-
2048. 

22. Palmer LJ. Linkages and associations to intermediate phenotypes underlying asthma and 
allergic disease. Curr Opin Allergy Clin Immunol 2001; I :393-398. 

23. Palmer LJ, Cookson WO. Using single nucleotide polymorphisms as a means to under­
standing the pathophysiology of asthma. Respir Res 2001; 2:102-112. 

24. Mapp CE. The role of genetic factors in occupational asthma. Eur Respir J 2003; 22: 
173-178. 

2~-,---Silve-r-man--EK, Palmef-L~-ase-c---entrel-assoeia-ti01H;t-U<lies-for-the--genet-ics--of-eomp:lex 
respiratory diseases. Am J Respir Cell Mol Biol 2000; 22:645-648. -

26. Yucesoy B, Vallyathan V, Landsittel DP, et al. Association of tumor necrosis factor­
alpha and interleukin-I gene polymorphisms with silicosis. Toxicol Appl Pharmacol 
2001; 172:75-82. 

27. Yucesoy B, Vallyathan V, Landsittel DP, et al. Polymorphisms of the IL-I gcme complex 
in coal miners with silicosis. Am J Ind Med 2001; 39:286-291. 

28. Khoury MJ, James LM. Population and familial relative risks of disease associated with 
environmental factors in the presence of gene-environment interaction. Am J Epidemiol 
1993; 137:1241-1250. 

29. Ottman R . An epidemiologic approach to gene-environment interaction. Genet Epide­
miol 1990; 7:177-185. 

30. Kelada SN, Eaton DL, Wang SS, Rothman NR, Khoury MJ. The role of genetic poly­
morphisms in environmental health. Environ Health Perspect 2003; 111:1055-1064. 

31. Frew AJ. What can we learn about asthma from studying occupational asthma? Ann 
Allergy Asthma Immunol 2003; 90:7-JO. 

32. Marsh DG, Friedhoff LR, Ehrhick-Kautzky E, Bias WB, Roebber M. Immune respon­
siveness to Ambrosia artemisi-ifolia (short ragweed) pollen allergen Amba Vl(Rae 6) is 
associated with HLA DR5 in allergic humans. Immuno Genet 1987; 26:230-236. 

33. Marsh DG, Hsu SH, Roebber M, et al. HLA-DW2: a genetic marker for human immune 
response to short ragweed pollen allergen Ra5. I . Response resulting primarily from 
natural antigenic exposure. J Exp Med 1982; 155: 1439-1451. 

34. Low B, Sjostedt L, Willirs S. Laboratory animal allergy-possible association with HLA 
Bl 5 and DR4. Tissue Antigens 1988; 32:224-226. 

35. Kerwin EM, Freed JH, Dresback JK, Rosenwagger LJ. HLA DR4 DRW 11 (15) and 
DR 17 (3) function as restriction elements for Mus m I allergic human T cells. J Allergy 
Clin Immunol 1993; 91:235. 

36. Jeal H, Draper A, Jones M, et al. HLA associations with occupational sensitisation to rat 
lipocalin allergens : a model for other animal allergies? J Allergy Clin Imrnunol 2003; 
111:795-799. 

37. Young RP, Barker RD, Pile KD, Cookson WOCM, Newman Taylor AJ. The associa­
tion of HLA DR3 with specific lgE to inhaled acid anhydrides. Am J Respir Crit Care 
Med 1995; 151:219-221. 

38. Bignon JS, Aron Y, Ju LY, et al. HLA Class II alleles in isocyanates induced asthma. Am 
J Respir Crit Care Med 1994; 149:71-75. 

39. Balboni A, Baricoidi OR, Fabbri LM, Gandini E, Ciaecia A, Mapp CE. Association 
between toluene diisocyanate induced asthma and DQBI markers: a possible role for 
aspartic acid at position 57. Eur Respir J 1996; 9:207-210. 



106 Newman-Taylor and Yucesoy 

40. Richeldi L, Sorrentino R, Saltini C. HLA-DPB1 gllutamate 69: a genetic marker of 
beryllium disease. Science 1993; 262:242. 

41. Newman-Taylor AJ, Cullinan P, Lympany PA, Harris JM, Dowdeswell RJ, du Bois RM. 
Interaction of HLA phenotype and exposure intensity in sensitisation to complex plati­
num salts. Am J Respir Crit Care Med 1999; 160:435-438. 

42. Richeldi L, Kreiss K, Mroz MM, Zhen B, Tartoni P, Saltini C. Interaction of genetic and 
exposure factors in the prevalence of berylliosis. Am J Ind Med 1997; 32:337-340. 

43. Cookson WO. Asthma genetics. Chest 2002; 121 :7S-13S. 
~a-ka&-F;--I-h-a-r-a-K,K-usuhara-K--;-et-.rt:--A-ssm:iatiunof IF1'if-gamma and "1FN regulatory 

factor 1. polymorphisms with childhood atopic asthma. J Allergy Clin Immunol 2001; 
107:499-504. 

45. Karjalainen J, Nieminen MM, Aromaa A, Klaukka T, Hurme M. The IL-I beta genotype 
carries asthma susceptibility only in men. J Allergy Clin Immunol 2002; 109:514-516. 

46. Cui T, Wu J, Pan S, Xie J. Polymorphisms in the IL-4 and IL-4R [alpha] genes and 
allergic asthma. Clio Chem Lab Med 2003; 41 :888-892. · 

47. Hang LW, Hsia TC, Chen WC, Chen HY, Tsai JJ, Tsai FJ. Interleukin-JO gene-627 allele 
variants, not interleukin-I beta gene and receptor antagonist gene polymorphisms, are 
associated with a topic bronchial asthma. J Clin Lab Anal 2003; 17: 168-173. 

48. Randolph AG, Lange C, Silverman EK, et al. The ILl2B gene is associated with asthma. 
Am J Hum Genet 2004; 75:709-715. 

49. Noguchi E, Yokouchi Y, Shibasaki M, et al. Association between TNF<1 polymorphism 
and the development of asthma in the Japanese population. Am J Respir Crit Care Med 
2002; 166:43-46. 

50. van der Pouw Kraan TC, van Veen A, Boeije LC, et al. An IL-13 promoter polymorph­
ism associated with increased risk of allergic asthma. Genes Immun 1999; I :61-65. 

51. Lazarus R, Raby BA, Lange C, et al. TOLL-like receptor 10 genetic variation is asso­
ciated with asthma in two independent samples. Am J Respir Crit Care Med 2004; 170: 
594-600. 

52. Szalai C, Kozma GT, Nagy A, et al. Polymorphism in the gene regulatory region of 
MCP-1 is associated with asthma susceptibility and severity. J Allergy Clin Immunol 
2001; 108:375-381. 

53. Van Eerdewegh P, Little RD, Dupuis J, et al. Association of the ADAM33 gene with 
asthma and bronchial hyperresponsiveness. Nature 2002; 418:426-430. 

54. Urhan M, Degirmenci I, Harmanci E, Gunes HV, Metintas M, Basaran A. High 
frequency of DD polymorphism of the angiotensin-converting enzyme gene in Turkish 
asthmatic patients. Allergy Asthma Proc 2004; 25:243-247. 

55. Howard TD, Koppelman GH, Xu J, et al. Gene-gene interaction in asthma: IL4RA and 
IL13 in a Dutch population with asthma. Am J Hum Genet 2002; 70:230-236. 

56. Lee SG, Kim BS, Kim JH, et al. Gene-gene interaction between interleukin-4 and inter­
leukin-4 receptor alpha in Korean children with asthma. Clin Exp Allergy 2004; 34: 
1202-1208. 

57. Bentley AM, Maestrelli P, Saetta M, et al. Activated T-lymphocytes and eosinophils in 
the bronchial mucosa in isocyanate-induced asthma. J Allergy Clin Immunol 1992; 
89:821-829. 

58. Park H, Jung K, Kim H, Nahm D, Kang K. Neutrophil activation following TDI bron­
chial challenges to the airway secretion from subjects with TOI-induced asthma. Clin Exp 
Allergy 1999; 29:1395-1401. 

59. Malo JL, Chan-Yeung M. Occupational asthma. J Allergy Clio Immunol 2001; 108: 
317-328. 

60. fryer AA, Bianco A, Hepple M, Jones PW, Strange RC, Spiteri MA. Polymorphism at 
the glutathione S-transferase GSTPI locus. A new marker for bronchial hyperresponsive­
ness and asthma. Am J Respir Crit Care Med 2000; 161:1437-1442. 



Genetics and Occupational Asthma 107 

61. Watson MA, Stewart RK., Smith GB, Massey TE, Bell DA. Human glutathione S-trans­
ferase Pl polymorphisms: relationship to lung tissue enzyme activity and population fre­
quency distribution. Carcinogenesis 1998; 19:275-280. 

62. Hu X, Xia H, Srivastava SK, et al. Activity of four allelic forms of glutathione S-trans­
ferase hGSTPl-1 for diol epoxides of polycyclic aromatic hydrocarbons. Biochem Bio­
phys Res Commun 1997; 238:397-402. 

63. Ishii T, Matsuse T, Teramoto S, et al. Glutathione S-transferase Pl (GSTPl) polymorph­
ism 1n patients with chronic obstructive pulmonary disease. Thorax 1999; 54:693-696. 

64. He JQ, Ruan J, Connett JE, Anthonisen NR, Pare PD, Sandford AJ. Antioxidant gene 
polymorphisms and susceptibility to a rapid decline in lung function in smokers. Arn J 
Respir Crit Care Med 2002; 166:323-328. 

65. Miller DP, Neuberg D, de Vivo I, et al. Smoking and the risk of lung cancer: susceptibil­
ity with GSTPI polymorphisms. Epidemiology 2003; 14:545-551. 

66. Mapp CE, Fryer AA, De Marzo N, et al. Glutathione S-transferase GSTPI is a suscept­
ibility gene for occupational asthma induced by isocyanates. J Allergy Clio Immunol 
2002; 109:867-872. 

67. Park HS, Frew AJ. Genetic markers for occupational asthma. J Allergy Clin Immunol 
2002; 109:774--776. 

68. Piirila P, Wikman H, Luukkonen R, et al. Glutathione S-transferase genotypes and 'aller­
gic responses to diisocyanate exposure. Pharmacogenetics 2001; 11:437-445. 

69. Hayes JD, Strange RC. Potential contribution of the glutathione S-transfera:se supergene 
family 'to resistance to oxidative stress. Free Radie Res 1995; 22: 193-207. 

70. Bolognesi C, Baur X, Marczynski B, Norppa H, Sepai 0, Sabbioni G. Carcinogenic risk 
of toluene diisocyanate and 4,4'-methylenediphenyl diisocyanate: epidemiological and 
experimental evidence. Crit Rev Toxicol 2001; 31:737-772. 

71. Devillier P, Baccard N,. Advenier C. Leukotrienes, Jeukotriene receptor antagonists and 
Jeukotriene synthesis inhibitors in asthma: an update. Part I: synthesis, receptors and role 
ofleukotrienes in asthma. Phannacol Res 1999; 40:3-13. 

72. Bouchardy C, Mitrunen K, Wikman H, et al. N-acetyltransferase NA Tl and NA T2 
genotypes and Jung cancer risk. Phannacogenetics 1998; 8:291-298. 

73. Hengstler JG, Arand M, Herrero ME, Oesch F. Polymorphisms of N-acetyltransferases, 
glutathione S-transferases, microsomal epoxide hydrolase and sulfotransferases: influ­
ence on cancer susceptibility. Recent Results Cancer Res 1998; 154:47-85. 

74. Wikman H, Piirila P, Rosenberg C, et al. N-Acetyltransferase genotypes as modifiers of 
diisocyanate exposure-associated asthma risk. Phannacogenetics 2002; 12:227-233. 

75. Jacobs KB, Burton PR, Jyengar SK, Elston RC, Palmer LJ. Pooling data and linkage 
analysis in the chromosome Sq candidate region for asthma. Genet Epidemiol 2001; 
21(suppl J):SJ03-Sl08. 

76. Wise LH. Jnclusion of candidate region studies in meta-analysis using the genome screen 
meta-analysis method: application to asthma data. Genet Epidemiol 2001; 21 (suppl I): 
S160-SJ65. 

77. Collins FS, Green ED, Guttmacher AE, Guyer MS. A vision for the future of genomics 
research. Nature 2003; 422:835-847. 

78. Harris JR, Willemsen G, Aitlahti T, et al. Ethical issues and GenomEUtwin. Twin Res 
2003; 6:455-463. 

79. Albuquerque RV, Hayden CM, Palmer LJ, et al. Association of polymorphisms within 
the tumour necrosis factor (TNF) genes and childhood asthma. Clio Exp Allergy 1998; 
28:578-584. 

80. Pulleyn LJ, Newton R, Adcock JM, Barnes PJ . TGFbetal allele association with asthma 
severity. Hum Genet 2001; 109:623-627. 

81. Kabesch M, Tzotcheva I, Carr D, et al. A complete screening of the IL4 gene: novel poly­
morphisms and their association with asthma and IgE in childhood. J Allergy Clin 
Immunol 2003; 112:893-898. 



108 Newman-Taylor and Yucesoy 

82. Park BL, Kim LH, Choi YH, et al. Interleukin 3 (IL3) polymorphisms associated with 
decreased risk of asthma and atopy. J Hum Genet 2004; 49:517-527. 

83. Lee YL, Lin YC, Lee YC, Wang JY, Hsiue TR, Guo YL. Glutathione S-transferase Pl 
gene polymorphism and air pollution as interactive risk factors for childhood asthma. 
Clin Exp Allergy 2004; 34:1707-1713. 

84. Sharma M, Batra J, Mabalirajan U, et al. Suggestive evidence of association of C-l 59T 
functional polymorphism of the CD14 gene with atopic asthma in northern and north­
western Indian populations. Immunogenetics 2004; 56:544-547. 



ASTHMA 
IN THE 

-onKPtAtE 
And Related Conditions 

THIRD EDITION 
edited by 

I. Leonard Bernstein 
University of Cincinnati 
Cincinnati, Ohio, U.S.A. 

Moira Chan-Yeung 
University of British Columbia 

Vancouver, British Columbia, Canada 

Jean-Luc Ma lo 
Universite de Montreal 

Montreal, Quebec, Canada 

David I. Bernstein 
University of Cincinnati 
Cincinnati, Ohio, U.S.A. 

C\ Taylor & Francis 
~ Taylor & Francis Group 

New Yori< London 



Published in 2006 by 
Taylor & Francis Group 
270 Madison Avenue 
New York, NY 10016 

© 2006 by Taylor & Francis Group, LLC 

No claim to original U.S. Government works 
Printed in the United States of America on acid-free paper 
10 9 8 7 6 5 4 3 2 I 

International Standard Book Number-IO: 0-8247-2977-3 (Hardcover) 
International Standard Book Number-I 3: 978-0-8247-2977-6 (Hardcover) 

This book contains information obtained from · authentic and highly regarded sources. Reprinted material is quoted with 
permission, and sources are indicated. A wide variety of references are listed. Reasonable efforts have been made to publish 
reliable data and information, but the author and the publisher cannot assume responsibility for the validity of all materials 
or for the consequences of their use. 

No part of this book may be reprinted, reproduced, transmitted, or utilized in any form by any electronic, mechanical, or 
other means, now known or hereafter invented, including photocopying, microfilming, and recording, or in any ·information 
storage or retrieval system, without written permission from the publishers. 

For permission to photocopy or use material electronically from this work, please access www.copyright.com 
(http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC) 222 Rosewood Drive, Danvers, MA 
01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For 
organizations that have been granted a photocopy license by the CCC, a separate system of payment has been arranged. 

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for 
identification and explanation without intent to infringe. 

Library of Congress Cataloging-in-Publication Data 

Catalog record is available from the Library of Congress 

informa 
Taylor & Francis Group 

is the Academic Division of lnforma pie. 

Visit the Taylor & Francis Web site at 
http://www.taylorandfrancis.com 




