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ABSTRACT Gene-environment interactions are
thought to be critical for several respiratory diseases
such as COPD and lung cancer. For some pulmonary
diseases, the etiology is well understood as a function of
single gene defects; for others, the etiology is mainly
determined by exposure to some strong environmental
risk factor. But for the overwhelming majority of diseases
of the respiratory systems, it is clear that the greatest
magnitude of disease burden relates to complex
interactions between multiple determinants in one's
environment and one’s genetic blueprint. Understanding
the fundamental gene-environmental interactions in the
development of respiratory disorders such as asthma
should lead to earlier identification of susceptible
individuals and more effective approaches for disease
prevention. Moreover, identifying the genes and the
pathways that serve as genetic modifiers of adaptive
responses to the changing environmental stimuli could
lead to new insights into respiratory biology and the
identification of new therapeutic targets.

INTRODUCTION

Great progress has been made in understand-
ing the genetic and environmental basis of respi-
ratory diseases. For some pulmonary diseases,
the etiology is well understood as a function of
single gene defects; for others, the etiology is
mainly determined by exposure to some strong
environmental risk factor. But for the overwhelm-
ing majority of diseases of the respiratory sys-
tems, it is clear that the greatest magnitude of
disease burden relates to complex interactions
between multiple determinantsin one'senviron-
ment and one’ sgenetic blueprint (Au et al. 2001).
Even conditions with a single gene defect have
widely differing phenotypeswithin and between
families, partly based on gene modificationsand
distinctive cellular milieus and partly on the ba-
sis of divergent environments. Thus, the inter-
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action between genes and the environment plays
amajor rolein the pathogenesis of the most com-
mon respiratory diseases. Environmental stimuli
may activate conserved genetic responsesin the
lungsand blood inflammatory cells, and thereby
initiate or modify the course of the disease pro-
cess, acting to promote or suppress the disease
phenotype. In many instances, discrete signal-
ing pathways are triggered that allow people to
adapt to new environmental stimuli or acquired
disease states. Identifying the genes and the
pathwaysthat serve as genetic modifiers of adap-
tive responses to the changing environmental
stimuli could lead to new insights into respira-
tory biology and theidentification of new thera-
peutic targets. The primary focus of this presen-
tation isto review the interrel ationship between
(1) certain environmental factors and genetic
susceptibility to respiratory diseases; and (2)
evaluate candidate genes that have been linked
to most common respiratory diseases in ongo-
ing molecular geneticsstudies (Xu et al. 2001).

GENETIC FACTORS

Recent attention is focused on understand-
ing the genetic basis for individual susceptibil-
ity to the development of allergic aswell asres-
piratory diseases (Feijen et al. 2000; Silverman,
2001). In more recent studies, an emphasis has
been concentrated on establishing an associa
tion between inheritance of polymorphic chemi-
cal metabolizing genes and development of en-
vironmental cancer (e.g., lung cancer among cige
rette smokers). The early reports of such asso-
ciations have been very encouraging (Mucci et
al. 2001). However, somereported positive asso-
ciations were not substantiated in subsequent
studies using larger sample sizes and different
ethnic populations (Au et a. 2001). Some con-
founding factors that contribute to the discrep-
ancies include ethnic-dependent distribution of
variant gene alleles, differential expression of
metabolizing genes, and inadequate study de-
sign.
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ENVIRONMENTAL FACTORS

The term ,, environment,, is used in the most
general way to signify all chemical, physical, and
biol ogic agentswith which humanscomein con-
tact, whether that contact isviaair, water or food,
and whether the contact is occupational, resi-
dential, lifestyle, or whatever. In addition, it in-
cludes the social milieu which mediates those
contacts and which provides a psychological
dimension to the human environment. Thereare
awide variety of known and suspected environ-
mental risk factorsfor respiratory diseases (Weiss
1999; Walter et a. 2000). Epidemiologic research
has demonstrated the important roles played by
such factors as smoking, diet, alcoholism, pov-
erty, socia support networks, urban air pollu-
tion, sedentary lifestyle, infectious agents, and a
variety of occupational dustsand fumes (Barnes
1999). These factors have been linked to one or
more classes of respiratory disease. Whether
measured externally (e.g., industrial hygiene) or
internally (e.g., biomarkersof exposure), itisbe-
coming possible to gain greater knowledge of
the complex environments in which we live. In
regard to chronic diseases, the challenge is not
only to measure environmental factors, but to
measure those that were present at the etiologi-
cally relevant time (i.e., years or even decades
before clinical manifestation of disease).

GENE-ENVIRONMENT INTERACTIONS

By taking into account both of these dimen-
sions (gene and environment) simultaneously, it
will be possible to dramatically increase the ca-
pacity to understand what is happening in the
genetic dimension and in the environmental di-
mension (Walter et a. 2000). Thiswill improve
our capacity to: a) identify and characterize the
genetic determinants of disease; b) identify and
characterize the environmental determinants of
disease so that preventive strategies can be
planned; c) identify high-risk individualsin the
population for targeted prevention; d) reveal
novel pathways in these diseases as targets for
new therapeutic strategies, and €) tailor drug
therapy using genotypeinformation to maximize
the beneficial effects and minimize the adverse
side effects of new pharmacological therapies.

Few diseases are the consequence of asingle
genetic or environmental event (Williams 2001).
For example, only asmall percentage of all can-
cer cases can be attributed to a single defective
or mutant gene, typically identified from familial
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clustersof disease (Almand and Carbone 2001).
Instead, common allelic variants of susceptibil-
ity geneswith relatively low penetrance account
for a higher percentage of cancers and other
chronic diseases overall. Thus, properly control-
ling environmental, occupational, or lifestyleex-
posures could prevent more diseases than just
those caused by rare, highly penetrant alleles
that lead to familial clusters. To get amore accu-
rate picture of risk from exposures, researchers
need to understand the nature, significance, and
distribution of susceptible genotypesin the gen-
eral population. Molecular and genetic tech-
niques advanced by the Human Genome Project
now make possible studies of individual differ-
ences in susceptibility to diseases and dysfunc-
tionlinked to environmental exposure.

EXMPLES OF GENE-ENVIRONMENT
INTERACTIONS IN RES PIRATORY
DISEASES

Chronic Obstructive Pulmonary Disease
(COPD)

Chronic obstructive pulmonary disease, or
COPD, isadisease that encompasses one or more
of thefollowing: (1) emphysema; (2) chronic bron-
chitis; and (3) chronic asthma. Current under-
standing of the pathogenesis of COPD, a source
of substantial morbidity and mortality, suggests
that chronic inflammation leads to the airways
obstruction and parenchymal destruction that
characterize this condition. Environmental fac-
tors, especially tobacco smoke exposure, are
known to accelerate longitudinal decline of lung
function, and there is substantial evidence that
upregulation of inflammatory pathways plays a
vital role in this process. Genetic regulation of
both inflammatory responses and anti-inflamma-
tory protective mechanisms likely underliesthe
heritability of COPD observed in family studies
(Miki and Satoh 1999; Weiss 1999; Silverman,
2001).

A variety of studieshave examined candidate
gene loci with association studies, comparing
thedistribution of variantsin geneshypothesized
to be involved in the development of COPD in
COPD patients and control subjects. For most
genetic loci which have been tested, there have
been inconsistent results (Silverman 2001). Ge-
netic heterogeneity could contributeto difficulty
in replicating associations between studies. In
addition, case-control association studies are
susceptible to supporting associations based
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purely on population stratification, which can
result from incompl ete matching between cases
and controls—including differencesin ethnicity.
No association studies in COPD have been re-
ported which used family-based controls, astudy
design whichisimmuneto such popul ation strati-
fication effects. More importantly, no linkage
studies have been published in COPD to iden-
tify regions of the genome which are likely to
contain COPD susceptibility genes—regionsin
which association studies are likely to be more
productive (Walter et al. 2000).

Despite the high prevalence of and mortality
from COPD, extensive research on the underly-
ing pathophysiology and specific therapeutics
for thisdiseaseis, relatively, initsinfancy. Sev-
eral novel molecular targets are being investi-
gated as potential treatmentsfor the disease (Hay
2001). The most exciting new classof compounds
isthe phosphodiesterase 4 inhibitors; Ariflo (SB
207499)-amember of thisclass, and the most ad-
vanced in development (Phaselll)-was reported
recently to have significant clinical efficacy in
patientswith chronic obstructive pulmonary dis-
ease (Barnes2001; Huang et al. 2001).

Emphysema can best be characterized as the
progressive destruction of the grape-like sacs
that fulfill the lung’s basi ¢ function: exchanging
oxygenintheair for carbon dioxideinthecardio-
vascular system. Emphysema is the chief “cul-
prit” in COPD. Emphysema begins with the de-
struction of alveoli, small sac-like structures (re-
sembling bunches of grapes) in the lungs where
oxygen from the air is exchanged for carbon di-
oxide in the blood. The walls of the alveoli are
thin and fragile, and are easily damaged. The
damage isirreversible and results in permanent
“holes” in the tissues of the lower lungs. As
alveoli are destroyed, the lungs are able to
transfer less and less oxygen to the blood-
stream,causing shortness of breath during exer-
cise and eventually even at rest. The lungs also
lose their elasticity, so the patient experiences
great difficulty exhaling. Thebronchial tubeslead-
ing to the air sacs may collapse, which traps air
inthelungs. Thisisthe condition known asem-
physema.

Roleof Alpha 1-Antitrypsin Deficiency (AATD)
in Emphysema

In normal and healthy individuals, AAT pro-
tectsthelungsfrom anatural enzyme (called neu-
trophil elastase) that helps fight bacteria and
clean up dead lung tissue. However, thisenzyme

can also eventually damage lung tissue if not
neutralized by AAT. If allowed to progress, this
form of emphysema becomes chronic and lung
tissue continues to be destroyed; eventualy it
is fatal if the progress is not slowed down or
halted. While there are different causes of em-
physema (such assmoking and AAT deficiency),
the physical signs and symptoms in each case
aresmilar.

AATD related emphysema is caused by an
inherited lack of a protective protein called al-
phal-antitrypsin (AAT). Every person inherits
two AAT genes, one from each parent. A person
has AAT deficiency only if he or she inherits
two abnormal genes. People who have only one
abnormal gene and one normal AAT gene are
“carriers” and do not have the disease. Their
AAT levelsmay belower than normal, but not as
low asthe deficiency state and are not generally
thought to cause significant health problems.
People who have AAT deficiency will pass on
oneabnormal geneto their children, but they will
be“carriers’ and will not have AAT deficiency.
There is a test for determining if a person is a
carrier or iISAAT deficient.

Themarked variability in the development of
COPD inresponseto cigarette smoking hasbeen
known for decades, but severe AAT deficiency
(Pl Z allele) remainsthe only proven genetic risk
factor for COPD (Sigsgaard et al. 2000). With cigar
rette smoking, Pl Z subjectstend to develop more
severe pulmonary impairment at an earlier age
than non-smoking Pl Z individuals. However, Pl
Z individuals exhibit wide variability in pulmo-
nary functionimpairment, even amongindividu-
als with similar smoking histories. Therefore,
other genes and environmental exposures are
asolikely involved.

Chronic bronchitisis afirst step toward im-
pending emphysema/COPD. It often resultsfrom
»ordinary, chestinfections(colds, flu). Folkswith
chronic bronchitis know that every, or nearly
every, cold they get will “go straight to the
lungs’. With proper careit need not lead to COPD;
(2) inaCOPD patient chronic bronchitis contrib-
utesto the ,gunk, that we spit up regularly.

Chronic asthma is the third constituent of
COPD. Not al COPD patients have asthma, and
most certainly most asthma patients do not have
COPD. But many of ussuffer fromit greatly. Al-
ready sick, our airwaysare easily constricted by
al manner of airborne nasties. Itiswhy we carry
our inhalers. Some authorities do not consider
asthma a component of COPD because unlike
emphysema and chronic bronchitis, asthma can
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be reversed. Asthmais a chronic inflammatory
disorder characterised by airflow obstruction.
The inflammatory process involves mast cells,
antigen presenting cells, eosinophils, neutro-
phils, airway epithelial cells and TH2 lympho-
cytes. These cells produce a broad array of pro
inflammatory mediators and cytokines that lead
to the pathophysiological changes seen in
asthma. Theimproved understanding of thiscom-
plex disease, the specific cells and the complex
mediators has lead to newer insights into the
efficacy of variousnovel and potential therapies
(Babu and Holgate 2000).

Asthma has strong genetic and environmen-
tal components that interact both in the induc-
tion and subsequent expression of the disease
phenotypes (Barnes 1999; Holgate 1999; Weiss
1999; Wiesh et al. 1999). Asthmais a complex
disease with a phenotype that has been clini-
cally difficult to define. Associated phenotypes
including bronchial hyperresponsiveness and
atopy have provided useful objective alterna-
tives in genetic and epidemiologic studies. Al-
though asthma genes have not yet been identi-
fied, much progress has been made toward this
goal. Genetic studiesindicatethat multiple genes
areinvolved in the pathogenesis of this disease,
and chromosomal regionslikely to harbor asthma
susceptibility genes have been replicated in sev-
eral studies. Environmental factors, including
smoking, diet, and viral respiratory infections,
have also been implicated in the etiology of
asthma. Directly linking these exposures as
causes of asthma, however, has also proved dif-
ficult.

Furthermore, interaction between susceptibil-
ity genes and environmental factorsis probable
and is a challenge currently being pursued by
investigators worldwide. This phenomenon—
denoted as effect modification of environmental
exposure by genetic constitution, or gene by
environment interaction—suggests that some
genetic markers could indicate susceptibility to
environmental factors. Thus, understanding the
fundamental gene-environmental interactionsin
the development of asthmashould lead to earlier
identification of susceptibleindividualsand more
effective approaches for disease prevention.

Lung Cancer

Lung cancer isaresult of multiple gene-envi-
ronment interactions occurring over several de-
cades (Haugen et a. 2000; Almand and Carbone
2001). Lung cancer isauseful model for the study
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of the interplay between genetic factors and en-
vironmental exposure sincethe primary etiology
iswell established. Several polymorphic enzymes
that may be important determinants of suscepti-
bility have been demonstrated (Reszka and
Wasowicz 2001). Dataalso provide evidencefor
sex differencesin lung cancer susceptibility. Fur-
thermore, certain chemical carcinogensmay con-
tribute to the carcinogenic process in the lung
epithelial cells by inducing genomic instability
either directly or indirectly throughinflammatory
processes. Our understanding of lung cancer
biology has rapidly expanded in recent years.
L ung cancer, unlike most human cancers, can be
traced to an environmental risk factor in the ma-
jority of cases, and this fact is reflected in the
vast number of genetic alterationsdiscoveredin
lung tumors whose pathogenesis is believed to
be mediated by carcinogen exposure. The dis-
covery of these alterations has led to a greater
understanding of tumor development.

A vast number of studies are focused on in-
vestigating genetic polymorphism in order to
estimate genetic contribution to the devel opment
of cancer. Possible cancer susceptibility genes
have been sought among oncogenes, tumor sup-
pressor genes, DNA repair genes and genes en-
coding phase | and phase Il enzymes (Shields
and Harris2000).

Genetic Polymorphism of GlutathioneS-Trans-
ferase and Lung Cancer Risk

Large individual differencesin the biotrans-
formation of xenobiotics have been explained on
the basis of genetic polymorphisms in some
detoxifying enzymes, regardless of environmen-
tal and occupational exposure (Mucci et a. 2001).
Among these enzymes, glutathione S-trans-
ferases (GST) congtitutealarge multigene family
of phasell enzymesinvolved in detoxification of
potentially genotoxic chemicals (Reszka and
Wasowicz 2001). Five genetic polymorphisms of
GST have been well documented (Strange et a.
2001). Total or partial deletions and (or) single
nucleotide polymorphisms in aleles encoding
GSTM1,GSTM3, GSTHI, GSTT1, GSTZ1 areas
sociated with reduction of enzymatic activity to-
ward several substrates of different GST isoen-
zymes. In addition, molecular epidemiol ogy stud-
iesindicate that a single genetic polymorphism
of glutathione S-transferase appearsto beamod-
erate lung cancer risk factor (Hou et a. 2001).
However, therisk ishigher when interactionswith
more GST polymorphismsand other risk factors



THE ROLE OF GENE-ENVIRONMENT INTERACTIONS 31

(e.g. cigarette smoking) occur (Reszka and
Wasowicz 2001). Individualswith decreased rate
of detoxification, with, highrisk, glutathione S-
transferase genotypeshaveadlightly higher level
of carcinogen-DNA adducts and more cytoge-
netic damages.

CONCLUDING REMARKS

Recent attention isfocused on understanding
the genetic and environmental basis for
individual susceptibility to the development of
chronic respiratory diseases. Indeed, gene-
environment i nteractionsare thought to becritical
for severa respiratory diseases such as COPD
and lung cancer. These disorders are the result
of multiple gene-environment interactions
occurring over several decades. Further, more
emphasis is being concentrated on establishing
an association between inheritance of
polymorphic chemical metabolizing genes and
development of environmental cancer (e.g., lung
cancer among cigarette smokers). AATD- related
emphysema is caused by an inherited lack of a
protective protein called alphal-antitrypsin
(AAT). Several of the GST genesare polymorphic
in humans and are currently being investigated
as possible cancer-risk modifiers. Moreover,
understanding the fundamental gene-
environmental interactions in the development
of respiratory disorders such as asthma should
lead to earlier identification of susceptible
individuals and more effective approaches for
disease prevention.
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