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ABSTRACT
Because of their high prevalence in the general
population, genetic variants that determine susceptibility
to environmental exposures may contribute greatly to the
development of occupational diseases in the setting of
specific exposures occurring in the workplace. Studies
investigating genetic susceptibilities in the workplace
may: (1) provide mechanistic insight into the aetiology of
disease, in particular the determination of environmentally
responsive genes; (2) identify susceptible subpopulations
with respect to exposure; and (3) provide valuable input in
setting occupational exposure limits by taking genetic
susceptibility into account. Polymorphisms in the NAT2
and the HLA-DPB1Glu69 genes provide classic examples of
how genetic susceptibility markers have a clear role in
identifying disease risk in bladder cancer and chronic
beryllium disease, respectively. For diseases with more
complex and multifactorial aetiology such as occupational
asthma and chronic airways disease, susceptibility
studies for selected genetic polymorphisms provide
additional insight into the biological mechanisms of
disease. Even when polymorphisms for genetic
susceptibility have a clear role in identifying disease risk,
the value of wide scale genetic screening in occupational
settings remains limited due to primarily ethical and
social concerns. Thus, large scale genetic screening
in the workplace is not currently recommended.

‘‘Nature’’ versus ‘‘nurture’’ has long presented a
dichotomy for scientists and health practitioners
when evaluating the importance of individual
genetic variation and exogenous and endogenous
exposure in disease development. However, with
advances in human genetics and risk assessment,
current research has shown that the interactions
between genetic and environmental factors are
critical to disease risk. Consequently, research
efforts in this area are directed towards investigat-
ing the genetic basis of individual susceptibility to
various environmental agents.

All individuals are exposed to a variety of
hazardous agents and chemicals in the environ-
ment. However, several genetic pathways are
thought to have evolved for minimising the adverse
effects of these environmental insults. Genes
expressed in these pathways, referred to as
environmentally responsive genes, exhibit heritable
variability that may be associated with altered
efficiency of the pathway. Table 1 summarises the
different categories of environmentally responsive
genes.

Several research programs were launched to
promote and facilitate research into environmen-
tally responsive genes. In the 1990s, the National

Institute of Environmental Health Sciences
(NIEHS), of the U.S. National Institutes of
Health, initiated a multiyear project entitled the
NIEHS Environmental Genome Project (EGP). The
NIEHS EGP focuses on common sequence varia-
tions, referred to as genetic polymorphisms, in the
environmentally responsive genes. Polymorphisms
are defined as mutations existing at a population
allele frequency of greater than 1% or 2% of
individuals.1

Genetic susceptibility can be viewed as a
spectrum encompassing a range of intermediate
situations between two extremes. On one side are
the rare genetic mutations which give rise to high
relative risk conditions (often referred to as disease
genes or high-penetrance genes). On the other side
of this spectrum are the genetic polymorphisms
that are associated with a low-to-moderate risk of
the disease (susceptibility genes) and require
environmental exposure to result in disease.2 3

Another way to interpret gene penetrance epide-
miologically is by considering relative risk. Well-
known examples of high-penetrance genes are the
inherited mutations in the BRCA1 and BRCA2
genes. Women carrying deleterious mutations in
BRCA1 or BRCA2 are estimated to have an 80%
lifetime risk of breast cancer in family studies,
although this estimate may be overestimated for
the general population.4 Despite the high relative
risk of breast cancer associated with BRCA1 or
BRCA2, mutations in high-penetrance genes are
typically rare in the general population and only
explain a small proportion of disease aetiology.3 4 It
is estimated that only 5–10% of all breast cancers
are attributable to mutations in high-penetrance
genes such as BRCA1, BRCA2, p53, ATM and
PTEN.5 6 In contrast, genetic polymorphisms in
low-penetrance genes, because of their higher
prevalence in the general population, are expected
to contribute more to disease development in
combination with various exogenous (eg, hazar-
dous chemicals) and endogenous (eg, hormones)
exposures.3 4 For the purpose of this review, we will
distinguish between the susceptibility genes with
low-to-moderate penetrance and the disease genes
with high penetrance.2 7 Figure 1 provides a graphic
paradigm of how genetic susceptibility may con-
tribute to the various stages of disease develop-
ment.8

Currently there are large scale collaborative
efforts between different research institutes, gov-
ernment agencies and private industry to facilitate
the discovery and functional analysis of genetic
polymorphisms. The most common genetic
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polymorphism is the single nucleotide polymorph-
ism (SNP), which refers to a single base-pair change
in the DNA sequence. Enzymatic and genetic
association studies in the literature are a primary
source for investigating SNPs with known func-
tionality. However, there are also many publicly
available internet SNP databases that serve as
useful resources for researchers exploring associa-
tions between genetic polymorphisms and disease
outcome. Table 2 lists the major internet SNP
databases, the principal being dbSNP and HapMap.
Some databases (particularly dbSNP and HapMap)
catalogue a vast number of human SNPs, and most
provide additional information regarding the loca-
tion of the SNPs, their genetic context, the
significance of the changes they introduce, and
their reliability. Other databases are more specia-
lised, focusing on genes in a specific cellular
response. For instance, the Innate Immunity PGA
(IIPGA) website describes genes associated with
the innate immunity of humans, while the
SeattleSNPs database emphasises genes that are
related to inflammation.

The study of genetic susceptibilities, with
emphasis on the genetic polymorphisms that alter
individual susceptibility to occupational disease,
may: (1) provide mechanistic insight into the
aetiology of disease; (2) identify susceptible sub-
populations with respect to workplace exposure;
and (3) provide valuable input in setting exposure
limits by taking into account individual suscept-
ibility.3 It should be noted that the process of
translating genetics research into practice in
environmental and occupational medicine is con-
sidered to be at an early phase. Thus, most research

findings from genetic susceptibility studies should
be communicated with caution to the general
public.

This article does not intend to provide a
thorough review of the literature on genetic
susceptibility in the workplace. Instead, we will
summarise two classic examples of genetic suscept-
ibility markers which strongly suggest a biological
basis for disease development in combination with
a specific occupational exposure. We will also
present two additional examples where the biolo-
gical basis for disease development is less clear.
Finally, we will summarise general guidelines for
genetic screening in the workplace and offer
perspectives on future research and practice needs.

GENETIC SUSCEPTIBILITY TO OCCUPATIONAL
CANCER: THE NAT2 POLYMORPHISM AND
OCCUPATIONAL BLADDER CANCER
Occupational exposure to arylamines such as
2-naphthylamine, 4-aminobiphenyl and benzidine
dyes has been associated with an increased risk of
bladder cancer, accounting for 10–20% of cases.9

Arylamines require metabolism to exert their
carcinogenic effects. Consequently, genetic poly-
morphisms in the metabolising genes, which may
influence enzyme functionality, are likely to
modify individual susceptibility to bladder cancer.

N-acetyltransferase 2 (NAT2) is a key enzyme in
the inactivation of arylamines into arylamides. The
NAT2 gene is highly polymorphic, with more than
20 different NAT2 alleles identified, including the
wild type allele NAT2*4.9–12 The large number of
polymorphisms identified in this gene encourages
the use of phenotype, rather than genotype, for
investigating NAT2 polymorphisms. The pheno-
type approach summarises individual acetylation
status without the necessity of checking the
genotype at each identified and unidentified
polymorphic site. The NAT2 phenotyping assay is
typically measured in vivo using substrates such as
isoniazid, sapsone or caffeine. Although results
from the NAT2 phenotyping assay provide a
continuous measure, most investigators dichoto-
mise results into slow versus rapid acetylator
phenotypes.10 The slow acetylation form is pre-
valent in up to 90% of some Arab populations, in
40–60% of Caucasians of West European origin,

Table 1 Major categories of environmentally responsive genes

Gene category Function Example

Metabolism Controls biotransformation (including activation and
detoxification) of endogenous and exogenous agents

NAT2

DNA repair Repairs DNA damage caused by various endogenous
and exogenous agents

ERCC2/XPD

Cell cycle and cell Regulates cell proliferation, growth and differentiation CDK-2 (cell cycle)

division

Cell signalling Enables cellular communicatin by converting one kind
of signal or stimulus into another

STAT1

Major histocompatibility:
class II

Cell-mediated immunity; transplanted tissue rejection;
beryllium sensitisation

HLA-DP1

Figure 1 Genetic
susceptibility in
occupational disease
development.
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and in 5–25% of East Asians.9 Although the
phenotype approach may be more useful, recent
studies have simultaneously applied phenotyping
and genotyping assays in response to the metho-
dological concerns raised by the phenotyping
procedure.11

Because the NAT2 enzyme is integral in aryla-
mine detoxification, research has focused on the
role of NAT2 polymorphisms in arylamine-asso-
ciated bladder cancer. As summarised in review
papers by Hirvonen,10 Green et al9 and Johns and
Houlston,13 studies of bladder cancer and NAT2
acetylation status consistently show an increased
bladder cancer risk in individuals with the slow
acetylator phenotype and occupational exposure to
arylamines. Additionally, a pooled analysis of four
case-control studies conducted in four European
countries (1530 cases and 731 controls, all
Caucasian) suggests that NAT2 acetylation status
is not an independent risk factor for bladder cancer
but rather modulates the carcinogenic effects of
cigarette smoke (probably arylamines) and occupa-
tional exposure.14 In contrast, two different cohort
studies of benzidine-exposed workers in China do
not support an association between the slow
acetylator phenotype of NAT2 and elevated blad-
der cancer risk among individuals who are occupa-
tionally exposed,15 16 with a protective association
observed between slow acetylation and bladder
cancer in benzidine-exposed workers by Carreón et
al.16 Findings from the Chinese studies suggest that
discrepancies in the metabolism of arylamines may
be explained by differences in metabolic enzymes
between different ethnic groups11 15 or by varia-
tions in the metabolism of different aromatic
amines.16

GENETIC SUSCEPTIBILITY FACTORS AND
OCCUPATIONAL IMMUNOLOGICAL DISEASE: HLA-
DPB1Glu69 AND CHRONIC BERYLLIUM DISEASE
Beryllium is a light-weight metal often alloyed
with copper, aluminium and nickel, and is used in
the aerospace, ceramic, automotive, electronics,
nuclear defence, telecommunications, and tool and
die industries, and dental prosthesis manufactur-
ing.17 18 Exposure to beryllium results primarily
from inhalation of beryllium particulates during
the machining of beryllium-containing products.

Since the introduction of beryllium exposure
standards, acute beryllium toxicity (mainly pneu-
monitis) has been virtually eliminated, leaving
immune-mediated organ destruction the primary
health risk among beryllium-exposed workers.

Exposure to beryllium triggers a type IV,
antigen-specific, cell-mediated immune response
that results in the proliferation of beryllium-
specific T-lymphocytes.18 19 This hypersensitivity
to beryllium, or beryllium sensitisation, can be
identified through the beryllium-specific lympho-
cyte proliferation test, an in vitro assay on blood or
bronchoalveolar lavage mononuclear cells.
Confirmation of chronic beryllium disease (CBD)
results if lung pathology reveals sarcoid-like gran-
uloma formations. The cell-mediated response
which underlies the pathology of CBD makes it
unusual among toxic metal disorders.18 19

Population-based studies show that CBD presents
in approximately 2–16% of exposed individuals.17

The low prevalence of CBD among exposed
individuals spurred the hypothesis that genes
involved in the immunological response to beryllium
were significant in the development and progression
of CBD. Consequently, the major histocompatibility
complex class II (MHC II) molecules were shown to
be associated with genetic susceptibility to beryllium
sensitisation and CBD, particularly genetic varia-
tions in the DP region of the human leukocyte
antigen (HLA-DP). Comparing exposed individuals
with and without CBD, Richeldi et al showed that
the HLA-DPB1*0201 allele was associated with the
development of CBD, while the HLA-DPB1*0401
allele was protective.20 Sequence analysis also
revealed that the main difference between the two
alleles was a glutamic acid residue at position 69
(Glu69).20 The frequency of Glu69-containing
HLA-DPB1 alleles (including both *0201 and non-
0201 alleles) was also prevalent in 97% of CBD cases
compared to 30% of controls, suggesting a potential
role of HLA-DPB1Glu69 in the development of CBD.20

Subsequent research has confirmed the association
between HLA-DPB1Glu69 and CBD, although the
frequency of Glu69 was generally lower among
CBD cases than that reported in the original
Richeldi study.21–24 Richeldi et al also reported that
the presence of aspartic acid and glutamic acid in
positions 55 and 56, respectively, occur more
frequently among CBD cases than in controls.
More recent studies suggest that this latter finding
likely results from linkage with Glu69.24 Initially, the
presence of Glu69 was considered a marker of disease
susceptibility. Despite one report that does not
support the association between Glu69 and beryllium
sensitisation,23 recent studies have reported compar-
able frequencies of Glu69 among CBD patients and
beryllium-sensitised individuals, suggesting that
Glu69 is a risk factor for beryllium sensitisation
rather than a susceptibility marker of progression
from beryllium sensitisation to CBD.24–27

Other genes (and genetic variations) related to
antigen presentation are likely to be involved in
predisposing exposed workers to either beryllium
sensitisation or CBD. Genes that have been

Table 2 Major internet databases (all accessed on 10 March 2008) for single nucleotide
polymorphisms (SNPs)

Organisation/project name and reference Website

Environmental Genome Project56 http://www.niehs.nih.gov/research/supported/
programs/egp/

National Human Genome Research Institute
(dbSNP)57

http://www.ncbi.nlm.nih.gov/projects/SNP/

International HapMap Project58 http://www.hapmap.org/

National Cancer Institute, Cancer Genome Anatomy
Project59

http://snp500cancer.nci.nih.gov/

SeattleSNPs60 http://pga.gs.washington.edu/

Innate Immunity in Heart, Lung, and Blood Disease,
Programs for Genomic Applications (IIPGA)61

http://innateimmunity.net/

GeneCards62 http://www.genecards.org/index.shtml
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investigated include HLA-DR, HLA-DQ, TNF and
ACE.23 25 28 29 For example, studies have suggested
that a functional SNP in the promoter region of
TNF-a, the -308 guanine to adenine transition, is
potentially associated with the progression from
beryllium sensitisation to clinical disease.16 23 29

GENETIC SUSCEPTIBILITY FACTORS AND
OCCUPATIONAL RESPIRATORY DISEASE: TOLUENE
DIISOCYANATE-INDUCED OCCUPATIONAL
ASTHMA AND ORGANIC DUST-INDUCED CHRONIC
AIRWAY DISEASE
HLA class II genes and toluene diisocyanate-
induced occupational asthma
Diisocyanates are widely used in the manufacture
of flexible and rigid foams, fibres, coatings such as
paints and varnishes, and elastomers. They are a
group of low-molecular-weight aromatic and ali-
phatic compounds characterised by the presence of
an –N = C = O group. Exposure to diisocyanates is
considered a leading cause of occupational asthma
(OA).30 The most important compound is toluene
diisocyanate (TDI) and it is generally accepted that
5–15% of exposed subjects develop OA after
exposure to TDI.31

Occupational asthma can be characterised ‘‘by
variable airflow limitation and/or airway hyper-
responsiveness due to causes and conditions attri-
butable to a particular occupational environment’’,32

and OA has been estimated to account for approxi-
mately 15% of asthma in adults.33 Most OA cases
induced by high-molecular-weight compounds are
often mediated by an immunoglobulin E (IgE)
mechanism more frequently observed in atopic
subjects. However, for most subjects with TDI-
induced OA, it is not possible to demonstrate an IgE-
mediated mechanism.34 Although the mechanism for
TDI-induced OA is not clear, the pathology for TDI-
induced OA is considered a model for non-atopic
adult asthma where cell immunity plays an impor-
tant role in the airway inflammatory process.30 Of
particular interest are the HLA class II genes, whose
molecules (HLADR, -DQ, and -DP) are involved in
binding antigen-derived peptides and presenting
them to T-lymphocytes via the T-cell receptor.30

Balboni et al compared the distribution of HLA
class II alleles between subjects with TDI-induced
OA, TDI-exposed subjects with no OA, and
unexposed normal subjects.35 All subjects were
European born, unrelated Caucasians working in
Northern Italy. The authors identified a significant
positive association between disease and
HLA-DQB1*0503 and a protective association
between disease and HLA-DQB1*0501, which
differed in one single position, 57, with aspartic
acid in HLA-DQB1*0503 and valine in
HLA-DQB1*0501 alleles. When they calculated the
phenotypic frequencies of HLA-DQB1-Asp57+,
aspartic acid was present in 29 of 30 subjects with
TDI-induced OA, compared with 105 of 126
controls (p = 0.05).35 The findings from this study
were consistent with previous and later studies in a
similar population,30 36 suggesting that HLA class II
genes confer susceptibility or protection against

TDI-induced OA. In contrast, studies by Rihs et al37

and Bernstein et al38 did not observe an effect of
HLA class II alleles on TDI-induced OA. However,
Rihs et al exposed subjects to different types of
isocyanates, confirmed diagnosis mainly through
symptoms, and used airway resistance instead of
spirometry to determine airway responsiveness.30

The difference in conclusions between Bernstein et
al and the Italian studies collectively may be due to
small sample size, the phenotyping methods used
and geographical differences between the two
study populations.30

Microsomal epoxide hydrolase and organic dust-
induced chronic airways disease
Occupational exposure to organic dust has been
shown to be associated with chronic airways
disease,39–41 and endotoxin, present in organic dust,
appears to be a major causative agent contributing
to airway inflammation and obstruction.42 43

Among cotton textile and agricultural workers,
endotoxin exposure is associated with the devel-
opment of chronic airways disease.41 42 The pre-
sence of endotoxin in the airways triggers a non-
specific immune response including proinflamma-
tory cytokines, chemokines, adhesion molecules
and other non-specific inflammatory mediators,44

as well as increased production of oxygen metabo-
lites, such as reactive oxidative species (ROS) that
may induce oxidative lung injury.45

Microsomal epoxide hydrolase (mEH) is a phase
II biotransformation enzyme which catalyses the
hydrolysis of various epoxides and ROS into less
reactive and more water-soluble dihydrodiols.
Common genetic polymorphisms have been iden-
tified in exons 3 (Tyr113His (C113T)) and 4
(His139Arg (G139A)) of the mEH gene. The
Tyr113His polymorphism results in a 40–50%
decrease in enzyme activity and is considered the
‘‘slow allele’’. In contrast, the His139Arg poly-
morphism results in a 25% increase in enzyme
activity and is consider the ‘‘fast allele’’.45 Because
mEHs metabolise ROS generated by endotoxin
exposure, Hang et al investigated whether poly-
morphisms in mEH modify the association
between endotoxin exposure and faster decline in
lung function (a marker for chronic airways
disease) in a 20-year prospective cohort study of
265 cotton textile mill workers (endotoxin-
exposed) and 234 silk workers (non-exposed) in
Shanghai, China.45 Because endotoxin exposure is
associated with faster decline in lung function in
this study population, investigators hypothesised
that decline in lung function would be more
pronounced among endotoxin-exposed workers
with the ‘‘slow allele’’ for mEH.

Findings from Hang et al indicate that endotoxin
exposure was associated with a faster decline in
lung function among subjects with ‘‘slow’’ mEH
genotypes. Among participants with the His/His
allele, endotoxin exposed workers experienced a
significantly faster rate of decline in forced
expiratory volume in 1 s (FEV1) over 20 years
compared to non-endotoxin exposed workers, with
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an annual difference of 26.7 ml/year.45 When
evaluating the joint effect of endotoxin exposure
and the Tyr113His polymorphism, the His/His
genotype combined with endotoxin exposure was
associated with the fastest annual FEV1 decline in
comparison with the Tyr/Tyr genotype and no
endotoxin exposure.45 Similarly, endotoxin expo-
sure was also significantly associated with a faster
rate of FEV1 decline among endotoxin-exposed
workers with the His/His genotype of the
His139Arg polymorphism.45

GENETIC SCREENING IN THE WORKPLACE
In previous sections, we provided examples of
studies demonstrating genetic susceptibility to
specific occupational exposures. The first two
examples showed how the susceptibility genes under
investigation had a clear role in occupational disease
risk, while the last two showed how the study of
susceptibility genes can provide additional mechan-
istic insight into occupational diseases that are more
complex and multifactorial in aetiology. When
susceptibility studies can identify subpopulations
at risk with great certainty, their translation into
occupational health practice, particularly genetic
screening in the workplace, becomes more relevant.

Genetic screening in the workplace aims to
identify asymptomatic individuals with certain
genetic characteristics that increase the risk of
occupational disease.46 Ideally, information from
genetic screening allows the employee to choose if
they wish to work in a particular environment.
The information can also be used by employers for
job replacement or relocation to ensure workers
most susceptible to a specific risk are placed in the
least hazardous environment, with consequent
economic advantages through increased safety
and reduced health care costs.46 47

In reality, however, genetic screening is used
minimally in industrial medical practice; genetic
testing to determine susceptibility to workplace
hazards has been reported by 16.7% of corporate
executives responding to a survey conducted by the
American Management Association in 1999.48 The

use of genetic screening could increase greatly in the
near future, and although it may benefit workers’
health, the risk of harm from its misuse is real and
significant and has social and legal ramifications.48

To prevent the misuse of genetic screening that
may harm the worker, considerable effort must be
made to avoid premature transfer of research
knowledge to other settings. Additionally, genetic
screening procedures to be applied in the workplace
have been suggested to include the following
criteria at the minimum:49 50

1. The goals of screening should be clearly
specified, and there should be a definite plan
for use of the data.

2. The test should have an acceptable sensitiv-
ity, specificity and positive predictive value.

3. Workers should have equal access to and/or
random participation in the screening.

4. Protection for worker privacy and confiden-
tially must be guaranteed.

5. There needs to be clear linkage between the
genetic factor being tested and job require-
ments/duties, demonstrating that the genetic
factor is a bona fide prerequisite for adequate
job performance.

Even for genetic susceptibility markers that have
been shown scientifically to have a clear role in
disease risk, the value of wide scale genetic screen-
ing in an occupational setting may remain limited.
Testing beryllium workers for the HLA-DPB1Glu69

marker provides a real world example of the use of
genetic screening to determine genetic susceptibil-
ity in the workplace. A recent study that examined
voluntary employer-sponsored testing programs
with confidential test results found that the
longitudinal positive predictive value of the
HLA-DPB1Glu69 marker of susceptibility to CBD
was only 12%.51 Considering that the positive
predictive value of genetic screening is weak given
the low prevalence of the disease and high Glu69

frequency among the general population, genetic
screening only for Glu69 would not address other
susceptibility factors that may be involved in the
development of beryllium sensitisation and disease.
In addition, difficulties in interpreting test results
further limit the utility of the test and may
inadvertently result in less attention being paid
to industrial hygiene efforts.51

Currently, large scale genetic screening in the
workplace is not recommended due to ethical and
social concerns.2 7 52–54 Common arguments against
the use of genetic screening in the workplace include:

1. Because of the inherited nature of these genetic
characteristics, it is hard to evaluate the
psychological and social impacts of genetic
testing of these low-to-moderate penetrance
genes, especially when no specific interventions
are available for carriers of the ‘‘risk’’ alleles.

2. The genetic screening assays may not have
100% sensit ivity and/or specif ic ity.
Depending on the allele frequencies, imperfect

Key points

c A multitude of publicly available databases,
including dbSNP and HapMap, are available for
researchers interested in investigating genetic
polymorphisms associated with disease
outcomes.

c Polymorphisms in the NAT2 and HLA-DPB1
genes are typical examples of genetic
susceptibility markers that demonstrate a strong
biological plausibility for disease development in
combination with specific occupational
exposure.

c In light of many scientific, ethical, social and
legal concerns, implementation of widespread
genetic screening of workers should be
considered premature at this stage.
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sensitivity and specificity may have substan-
tial errors at the population level.

3. Genetic traits can relate differently to differ-
ent diseases. Consequently, it is difficult to
determine whether a particular allele would
be associated with an adverse or advanta-
geous health outcome.

4. The use of genetic screening in the workplace
may lead to an increased likelihood of inva-
sion of the privacy and confidentiality of
workers; particular attention should be paid
to who will have access to the information
and for what purpose (eg, employment
references, insurance).

5. Most genetic variations distribute differently
in different ethnic and racial groups. Thus,
the results of genetic screening must be
handled with special care so that potential
racial discrimination does not occur.

6. Identifying workers ‘‘at-risk’’ may erro-
neously reinforce the trend to focus on this
subpopulation while missing many others at
risk by failing to recognise that it is the
combination of genetic, environmental and
behavioural risk factors that leads to the
development of occupational disease. Such
failure results in lost opportunity to prevent
disease.

In summary, the many ethical and social risks
outweigh the perceived benefits of implementing
genetic screening in the workplace. Although the
potential for increased discrimination and invasion
of the worker’s privacy is especially troubling, the
interpretative challenges of testing may result in
less effort being given to exposure reduction to
protect all employees at risk. Even when genetic
screening is implemented, the information gath-
ered should be viewed as a tool to identify and
control harmful exposures rather than simply to
exclude the predisposed.55

CONCLUSION
Genetic susceptibility can affect the development of
adverse health outcomes, especially in combination
with environmental and occupational exposures.
Advances in laboratory and computer technologies
have facilitated investigation of the susceptibility of
environmentally responsive genes in association
with occupational disease, which has mainly focused
on the genetic polymorphisms of candidate genes in
recent years. However, it is generally anticipated
that future studies will assess multiple genes within
the same pathway simultaneously, which in combi-
nation with improved exposure assessment for
careful exposure characterisation, will aid full under-
standing of the role of genetic susceptibility in
occupational diseases and in the practice of occupa-
tional medicine. Nonetheless, many scientific, social,
ethical and legal issues surround the use of genetic
screening for susceptibility to workplace exposures.
Premature implementation of widespread genetic
screening of workers should be avoided at this stage.
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Questions (see answers on p 397)

(1) Because of their higher prevalence in the population,
_________ genes are expected to contribute more to
disease development in combination with various
exogenous and endogenous exposures.

(a) high-penetrance
(b) low-penetrance
(c) susceptibility
(d) b and c
(e) a and c

(2) The investigation of genetic polymorphisms in relation to
occupational disease

(a) generally offers little mechanistic insight into the aetiology of
disease.

(b) may identify susceptible subpopulations at risk relevant to
workplace exposure.

(c) may be used in setting exposure limits by taking individual
susceptibility into account.

(d) b and c
(e) all of the above

(3) All of the following statements concerning the NAT2
gene are correct EXCEPT:

(a) The NAT2 gene is highly polymorphic with more than 20
different alleles identified.

(b) The NAT2 gene is an environmentally responsive gene
functioning in DNA repair.

(c) The NAT2 gene codes for an enzyme that is integral in
arylamine detoxification.

(d) Polymorphisms in the NAT2 gene have been shown to
modulate the effects of occupational arylamine exposure on
bladder cancer.

(e) All statements are correct.

(4) Common arguments against the use of genetic screening
in the workplace include:

(a) Genetic screening assays may not have 100% sensitivity and/
or specificity.

(b) The use of genetic screening may lead to an increased
likelihood of invasion of the privacy and confidentiality of
workers.

(c) Increased focus on identifying genetically susceptible workers
may result in many other workers at risk being missed.

(d) There is a potential for racial discrimination if the genetic
marker distributes differently among racial and ethnic groups.

(e) All of the above.
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