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tions by conference participants on matters of policy are reported to
assure completeness of the summary, but their inclusion does not represent
policy statements by the Institute of Medicine.
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I. INTRODUCTION

An invitational conference on Implications of Enviromnmental/Genetic
Interactions was held at the National Academy of Sciences, July 10-11,
1980. The conference was organized by the Institute of Medicine and was
one of a series of conferences on critical issues in biomedical research
policy sponsored by the Charles H. Revson Foundation, Inc. The confer-
ence was designed to introduce and partially review the genetic and
environmental interactioﬁs important to health, to identify areas of
research needing emphasis, to explore possible applications for preventive
medicine, and to discuss policy implications. The participants represent-
ed a variety of viewpoints and organizational backgrounds, including
universities, industries, labor unions, govermment and service programs.
This diversity contributed to lively discussion, especially on the issue
of screening for genetic susceptibility in the workplace, and allowed
individuals from widely divergent backgrounds the opportunity to share
their thoughts.

The first day of the conference agenda was devoted to human individ-
uality and the environment in order to give a broad overview of the
current state of the art and to identify research needs. There were
presentations on the genetic component of infectious diseases, pharma-
cogenetics, and genetic/environmental interactions in common chronic
diseases. Discussion by participants after each presentation raised some
policy issues for further consideration.

The second day of the conference concentrated on society's response
to human individuality. Descriptions of strengths, uses, and limitations

of screening for genetic predispositions to environmental challenges were
-1-


http://www.nap.edu/catalog.php?record_id=19713

followed by a consideration of the social impact on life outcome of
particular genetic susceptibilities. The day ended with a panel to
explore policy implications of environmental/genetic interactions.
Summaries of the presentations and discussions of the two days are found
in sections II and ITI. Summaries of themes and implications and other
observations generated by the conference discussions and presentations

are in section 1IV.
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II. SUMMARIES OF INTRODﬁCTORY REMARKS
DAVID A. HAMBURG, PRESIDENT, INSTITUTE OF MEDICINE

The subject of this conference--implications of environmental/genetic
interactions--has been identified by the Institute of Medicine Council as
important for health sciences policy for the next decade. For one reason
or another, studies of certain topics (of which this is one) have been
difficult to fund, since they do not fall under the rubric of studies
generally supported by govermment. The Institute of Medicine has been
fortunate to obtain funding from the Charles H. Revson Foundation to hold
a series of conferences on Frontiers in Health Sciences, in order to
clarify issues, to identify important future steps and to define problems
for in-depth study.

Dr. Hamburg related his own introduction to environmental/genetic
problems to the early 1940's when working with Tracy Sonneborn. Dr.
Sonneborn saw quite clearly the implications of genetics for medicine,
although other leaders in medicine did not. Despite recent gains, this
lack of vision is reflected in the history of the teaching of genetics in
medical schools--courses were slow to be offered, and still are not avail-
able in some schools. Evolutionary biology, based centrally on genetics,
is still lacking in curricular and research emphasis in schools of
medicine.

One of the conceptual problems in medicine has been the persistent
dichotomy between genetics and environment. Genetics focuses squarely on
biological variability, while medicine is preoccupied with central tenden-
cies. The immense progress at the molecular and cellular level and the

understanding that genes do not act in a vacuum has resolved the nature-
-3-
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nurture dichotomy for those sophisticated in the field, but not for many
others in and out of medicine. 1In addition, there is a new kind of
problem: the fear of the intellectual and technical power of genetic re-
search. The nature of the human genome can be specified with increasing
precision and at the same time, many parameters of the human environment
can also be defined. Where will this research lead us?

While modern genetics has been emerging in such a spectacular way,
there have also been great changes in the human enviromment. Many new
chemicals are being produced which find their way into food and water
supplies and result in occupational exposures. In addition to the changes
in the parameters of the chemical and physical environment, the changes
in the social environment, stimulated in part by the massive technological
changes, are also probably unprecedented in the history of the species.
This conference deals with the kinds of problems that arise from this new
world and relates it to the concepts and techniques of modern biology.

The potential of "ecogenetics" for prevention of disease is great.
One example is the linkage to behavior. If more of the genetic/environ-
mental interactions which lead to disease from smoking were understood,
for example, this knowledge might help people change behavior with respect
to smoking. Minimizing exposure of the hyper-susceptible should be facil-
itated by knowledge of wvulnerability. Furthermore, there is the linkage
of genetics to social organization--for example, screening, counseling,
and intervention programs. While the knowledge itself will have great
potential for prevention, it will not be easy to apply to these complex

matters.
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This conference is primarily concerned with science policy issues
such as scientific opportunities and ways of facilitating future
scientific progress. The conferees should also consider the application
of genetic knowledge with its technical, economic, and ethical complexi-
ties. How can society learn to communicate meaningfully and with mutual
respect across barriers existing in academic life and between the academic
sector and other sectors of society? 1Is this new area of science being
adequately fostered by govermnment, by universities, by industry? 1Is it
being focused on sufficiently in education at various levels, including
the general public? What prejudices, defective institutional arrange-
ments, or conventional wisdoms, including those in the scientific
community, are impeding progress? If there are impediments, can they be
identified, and what remedies deserve serious considerations? Finally,
one of the conference's purposes is to foster communication among the
different sectors that have a stake in progress in this area--the
scientific community, industry, labor, policymakers, and increasingly, an

informed public.
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ARNO MOTULSKY, CONFERENCE CHAIRMAN

Dr. Motulsky concurred with Dr. Hamburg that while the heredity/
environment issue has been resolved in the minds of most scientists, many
nonscientists still embrace the dichotomy between nature and nurture.
Although there are examples of conditions that are more genetic than
enviromnmental (such as Down's syndrome) and others that are more environ-
mental than genetic (such as trauma from burns), both heredity and
environment play a role in most diseases.

How much is known? If there are some who are susceptible and others
who are resistant--how does this affect health policy? For example, in
the case of a nutritional standard, how do you determine the minimal
amounts of the nutrient when some part of the population needs much more
of the substance than others and still others might be harmed by the
substance? Can society restrict certain people to certain jobs because
they are at higher risk from the occupational enviromment? What are the
mechanisms for translating information from research and demonstration
projects to extensive provision of services?

A number of examples of environmental/genetic interactions were
given by Dr. Motulsky, some to be covered in more detail by speakers.
First, there is a group of clear—cut genetic diseases, such as phenylke-
tonuria. If the amino acid phenylalanine is removed from the diet of
affected children soon after birth, mental retardation can be prevented.
This, as well as other examples of the nutritional therapy of inborn
errors of metabolism, can be used to demonstrate envirommental /genetic
interactions. 1In the PKU example, the genetic disease only develops

in an enviromment where there is phenylalanine in the diet.

—-6-
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Interesting examples of environmental/genetic interactions are
abundant in pharmacogenetics where biologic variability becomes important
in therapeutic use of drugs. Still other single gene variants are case
studies for environmental/genetic interactions--for example, lactase
enzyme deficiency. Many blacks are born lacking the intestinal enzyme,
lactase, necessary for the digestion of milk and milk products. These
individuals suffer from loose stools and flatulence after drinking milk
or eating milk products, but avoiding these products eliminates the
symptoms. Alpha-one-antitrypsin deficiency provides another example of
an environmental response to a genetic variant. People who have alpha-
one-antitrypsin deficiency are at higher risk from pulmonary irritants
such as cigarette smoking and possibly industrially generated pollutants.

There is interaction of dietary fats with genetic hyperlipidemias,
and there is a relationship between immunoglobulin deficiency and
bacterial infections. There are genetic differences in enzymes which
participate in alcohol metabolism, leading to differences in sensitivity
to vitamin B, deprivation, as well as other evidence of genetic factors
in alcoholism. New insights are being gained in how differential metabo-
lism and differential activation of different chemicals, carcinogens, or
mutagens may ultimately explain why some people get cancer and others do
not. Differences in DNA repair enzymes may also play a role in carcino-
genesis. ¢

The problem with many of these topics is of doing large-scale
studies on humans. Ultimately, "the proper study of mankind is man" in

this field and much more work in man will have to be encouraged.

-7-
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From an evolutionary perspective, one can ask if there have been
climatic adaptation and high-altitude adaptations, i.e., whether people
who live in extreme climates or at high altitudes differ genetically.

Finally, the conference will cover some of the common diseases such
as diabetes, cardiovascular conditions and psychiatric diseases. Under-
standing the mechanisms of genetic contributions to these diseases may
lead to improvement in the practice of preventive medicine by focusing

attention on people with lower resistance or higher susceptibility.
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ALEXANDER BEARN,* OVERVIEW

Although it has been both historically and scientifically evident
for hundreds of years that both hereditary and environmental considera-
tions are important in the expression of a given trait, confusion still
seems to rule. Lancelot Hogben and J.B.S. Haldane were the first to sh;w
that there can never be a general solution to the problem of estimating
the extent of the contribution of nature or nurture for the logical reason
that the contribution of nature is a function of nurture. This fundamen-
tal truth is obviously relevant to this conference and should be central
to all discussions on the interrelationships of the genetic constitution
and the environment.

In the present context, the focus will be on the biological basis for
genetic /environmental interactions and their social, political and legi-
slative implications. 1In a growing number of instances, it is possible
to define both specific genes and specific enviromments in terms satisfac-
tory to the most unyielding reductionist. 1In most instances, however,
those definitions will lack rigor; the environment, in particular, has a
disconcerting way of changing while being obsessed with consequential,
confounding effects.

Brewer suggested almost ten years ago that the term ecogenetics be
used to refer to the variable responses that arise from exposing human
beings to environmental agents. The enduring principle of ecogenetics is

that, ultimately, the physiological and pathological response of an

*Dr. Bearn was unable to attend, but prepared a written statement of his
remarks, which was read by Dr. Motulsky and are summarized here.

-9-
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individual to a variety of environmental agents depends on the nature of
the environmental agent and the genetic constitution of the individual.

The field of ecogenetics or genetic/environmental interaction has
- evident roots in pharmacogenetics, which quickly led to the realization
that biochemical individuality will determine the response of the organism
to infectious agents and foodstuffs, as well as drugs. During the last
25 years, the catalogue of untoward drug reactions that have as their
root cause genetic determination of biochemical variation in the host has
grown steadily larger.

At times, the untoward reaction is determined by a single gene change
at a single polymorphic locus, such as glucose-6-phosphate dehydrogenase
(G6PD), while others depend on variations at more than one locus. The
meticulous and important studies by Vesell on the metabolic disposal of
drugs in monozygotic and dizygotic twins have shown beyond doubt that
many genes influence the metabolism of drugs and, in the phrase of Vogel
and Motulsky, have '"moved pharmacogenetics from a field that dealt with a
few unusual drug reactions to a discipline of central importance for phar
macology and therapeutics'. Extension of classic pharmacogenetics, where
the organism responds to a well-defined chemical structure deliberately
ingested by man, to ecogenetics, where man is exposed to a variety of
toxic environmental factors, raises important scientific, cultural and
economic questions which transcend the usual considerations of
pharmacogenetics. Indeed, it is the extension of these concepts and
their application in a wide variety of situations that are the focus of

this conference.

<10~
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The apparent logical symmetry of the interaction between genes and
the environment suggests that new knowledge of these interactions will
arise from both directions. From the purely genetic viewpoint, there can
be little doubt that the more that is known of man's genetic constitution,
the more it will be possible to predict that certain genetic configura-
tions will lead to certain environmental agents being handled differently,
perhaps to the disadvantage of the host. This approach has less immediate
strategic appeal than a systematic attempt to assess the potential envi-
ronmental hazards of mankind in relation to man's presently known genetic
heterogeneity susceptibility (although environmental probes are powerful
sensors for describing and expanding our current knowledge of genetic
heterogeneity). Must some members of society be exposed to environmental
hazard? What protective measures should be undertaken, and how should
they be enforced? Are all those exposed equally at risk?

As the social, political and industrial implications of genetic
susceptibility are being discussed, a number of issues must be illumi-
nated. The role of the private sector, govermment, and industry, for
example, needs to be defined, and a fundamental question resolved: '"Who
should regulate the regulators?" Additionally, a full discussion is
needed on both the technical difficulties of screening programs and the
more important question of how to conduct those programs in such a way
and with such sophistication that genuine benefits accrue to those
screened. We have ample experience of insensitive screening programs.

How do we avoid the perils and pitfalls? How do we select those to be
screened? What is their expectation, and what is ours? How do we take
steps to prevent societal abuse of screening programs? Despite all our

-11-
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experience, sensitivity and skill are required, or harm will be done
under the noble banner of doing good.

In all areas of environmental hazard, there is not, and probably
never will be, any fixed technical, political or moral consensus. This
is most obviously, albeit trivially, reflected in the lack of formal,
explicit requirements for risk-benefit analysis by the govermment (except
in the federal Food, Drug and Cosmetic Act, and the Noise Control Act).
In a certain humane sense, though, there is a consensus: occupationally
related diseases should be almost wholly preventable. Although this con-
sensus is misleading, successive approximations to this worthy, elusive,

but ultimately illusory goal must be made.

-12-
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III. SUMMARIES OF PRESENTATIONS AND DISCUSSIONS

HUMAN INDIVIDUALITY AND THE ENVIRONMENT

The first day was devoted to reviewing the current status of
knowledge of environmental/genetic interactions and identification of
research needs.

Genetic Susceptibilities to Infections and Other
Selected Diseases - L.L. Cavalli-Sforza

Human populations vary markedly in their susceptibility to disease
produced by infectious agents. Well-documented examples of genetic
variability in susceptibility to infectious disease in humans include the
demonstrated resistance of certain genotypes to malaria.

Methods which can be used to show there are genetic differences in
resistance to infection include: 1) study of the geographical distribu-
tion of genotypes and its relationship to the geographical distribution
of the infectious agent; 2) seeking a statistical association at the
individual level between the trait and the infectious disease; and 3)
comparison of disease patterns among relatives, often identical and
fraternal twins,

Individual differences in resistance to malaria have been related to
specific gene differences including the genes for sickle cell anemia,
thalassemia, glucose-6-phosphate dehydrogenase, and Duffy blood groups.
(Table I) For example, study of resistance to falciparum malaria showed
that the heterozygote for hemoglobin S (sickle trait) was more resistant
to infection by the malarial parasite than the homozygote for normal (A)

hemoglobin. A genotype that confers an advantage in ome environment

-13-
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could be deleterious in another. Apparently based on the presumption
that that is the case, stigma has been attached to people with sicklg
cell trait. However, one study of 500 football players revealed no
evidence for a deleterious effect of one dose of the S hemoglobiﬁ gene.
There are claims that sudden loss of air pressure may be dangerous to S
heterozygotes. In general, the statistical evidence about possible
handicap of S heterozygotes is inadequate.

Not as well characterized, but of great interest, has been the
recognition that extensive polymorphism of histocompatibility antigens
(HLA) found on the surface of cells has stimulated many studies of
association between clinical disorders of suspected viral or autoimmune
etiology and particular histocompatibility types. About 40 diseases have
been associated with particular HLA types. (See Table II for some
examples). One of the more striking associations is between ankylosing
spondylitis and HLA B27.

Finally, there are a number of genetic defects which involve the in-
ability to make immunoglobulins, neutrophils or other kinds of leukocytes.
The loss of disease resistance in individuals affected is dramatic.
Before the antibiotic era, these individuals died before reproducing, and
natural selection eliminated the genotype. However, today, reproduction
by affected individuals may produce an increase in the number of people

with this genotype. This is an example of a genetic/environmental inter-

~14-
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TABLE I

SOME GENETIC TRAITS SHOWING RESISTANCE TO MALARIA

Plasmodium:
Falciparum Vivax
Sickle cell trait +
Heterozygotes for thalassemias +
G6PD mutants +
buffy (Fy) +

-15-
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action where an individual can be protected by use of antibiotics, and

where there is a potential for increased incidence of the defect in the

population but only after many generations.

Reference:

Mourant, A.E., A.C. Kopec and K. Domaniewska-Sobczak. Blood Groups and
Diseases: A Study of Association of Diseases with Blood Groups and Other
Polymorphisms. Oxford University Press, New York. 1978.

-16-
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TABLE I1

SOME STRIKING EXAMPLES OF DISEASE ASSOCIATIONS

HLA TYPE:

B27 in 52 of population
in over 90 of ankylosing spondylitis
in 80% of Reiter's syndrome

DW3 in 202 of population
in 962 of coeliac syndrome

DW4 in 652 of juvenile diabetes

DW3 in 531 of Graves' disease

=17~
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Discussion:

During the discussion period, participants reiterated that infectious
disease is the result of the relationship between the host's genotype and
previous experiences with particular infectious organisms. For example,
as the human organism establishes immunity and produces antibody to a
particular schistosome antigen, the schistosome responds by changing its
surface antigens. Thus, the genotype of the infecting organism also plays
a role in producing infectious disease. The complexity of the relation-
ship was demonstrated by the observation that almost everyone is almost
certainly susceptible to some organism and sometimes to many diseases,
but some people will not get a particular disease no matter how great the
exposure.

Other important points made related to the need for increased public
education about envirommental /genetic interactions and for developing
animal models for research on human diseases because of the inability to

pursue certain lines of research in humans.

-18-
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Pharmacogenetics -~ Elliot Vesell

Drugs are doubled-edged swords--they are of great therapeutic
benefit, but also are capable of producing harm. Ehrlich's dream of the
perfect drug as a magic bullet that cures without any injury has never
been fully realized. Instead, we now know that a drug which is safe for
all is effective for none.

Large variations in rates of drug elimination among subjects consti-
tute a major therapeutic problem. Failure to take account of such exten-
sive intersubject variations through adequate individualization of dosage
probably causes a large proportion of the prevalent drug toxicity. Approx-
imately five percent of all admissions to university medical services are
for adverse drug reactions; this percentage increases for hospitalized
patients. Multiple factors of different causation influence the way
drugs are absorbed, distributed, biotransformed and excreted, as well as
their interactions with receptors (Figure 1).

Numerous genetic factors play a role in drug metabolism. A major
part of drug metabolism in mammals is carried out by multiple discrete
forms of the enzyme cytochrome P-450. A classical example of a single
gene's effect on an individual's response to a particular drug is the
rare form of toxicity produced by inability to degrade the antiseptic
drug hydrogen peroxide applied at the sight of a wound (acatalasia).
Other genetic conditions that render certain subjects particularly
susceptible to the toxic effects of a drug include rapid and slow
isoniasid acetylation, sensitivity to suxamethonium due to atypical

plasma cholinesterase (enzyme), diphenylhydantoin toxicity due to

-19-
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deficient parahydroxylation, and deficient 4-hydroxylation of debrisoquin.¥
These examples of altered drug metabolism which can result in toxicity in
affected subjects after low or normal doses of that drug were discovered

by family rather than population studies. Screening of populations is
still needed to determine the gene frequencies for several of these
genetically controlled variations in drug metabolism. 1In addition, twin
studies are urgently needed to identify the role of genetic factors that
may be involved in maintaining large variations among normal subjects in
rates and pathways of drug metabolism.

Many developmental and environmental factors can influence an indivi-
dual's response to drugs (Figure 1). Three factors--age, diet and diurnal
variations--were chosen to illustrate such effects.

1) Rates of elimination of some drugs change with age. For example,
the half-life of indomethacin is approximately three times longer in a
premature infant than in an adult, whereas antipyrine elimination tends to
decrease very slightly with age. Nevertheless, some older people clear
antipyrine more rapidly than some younger people, underscoring once again
the themes of tremendous interindividual variability in drug metabolism
and the complex interplay of any single factor such as age with many other
factors. A more marked age-related decrease in drug metabolism occurs

with a chemically related drug, aminopyrine, illustrating the principle

*Isoniazid is used to treat tuberculosis; suxamethonium is a muscle
relaxant given as a part of anesthesia; diphenylphydantoin is an anticon-
vulsant used to control seizures in epilepsy; and debrisoquin is used to
treat high blood pressure. In each case, the genetic constitution of the
individual affects the rate of breakdown of the drug due to altered
enzymes important in their metabolism.

-21-
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that the magnitude of effect of any factor such as age can also change
appreciably from one drug to another.

2) Diet may exert large effects on drug metabolism. The
composition, amounts, and mode of preparation of foods can affect drug
metabolism and elimination. For example, there is faster elimination of
a drug in a normal subject on a high protein diet than on a high carbohy-
drate diet, even though both diets contain the same number of total
calories. Charcoal broiling of beef increases the rate of elimination of
antipyrine and decreases the blood concentrations of phenacetin. Chronic
dietary intake of methylxanthines, constituents of chocolate, coffee and
cola beverages, changes an individual's rate of elimination of these
substances.

3) Diurnal variation is another envirommental variable that can in-
fluence rates of elimination of certain drugs. 1In one experiment, normal
subjects had a 40X longer aminopyrine plasma half-life at 8 p.m. than at
8 a.m. Sleep deprivation had no effect on this diurnal variation in
aminopyrine half-life but the timing of meals could completely reverse
it, indicating that some constituents of food affect aminopyrine disposi-
tion.

Progress in pharmacogenetic research has several implications for
health professionals. Physicians need to be aware of multiple genetic
and environmental factors that can influence the way their patients
handle drugs and also of the tremendous heterogeneity of their patients
with respect to these factors. Medical school curriculum changes to

emphasize human variability, with continued emphasis throughout training,
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would increase physicians' awareness of these problems and/or their
consequences, which include the requirement of individualization of the
doses of several drugs with low therapeutic indices.

Dr. Vesell cited three areas for future research classified as: 1)
identification of the scope of the problem; 2) general experimental
approaches to the problem; and 3) needed research methodology.

Specifically, more genetic and environmental factors that alter
pharmacokinetics and drug receptor binding must be identified. Research
on the modes of transmission of genetic factors, their influence on drug
disposition, and the rate of drug metabolite production should be carried
out. In the case of environmental factors, further study is needed to
understand the mechanisms by which certain environmental factors produce
alterations in the way patients handle drugs. Secondly, dose-response
and time-action studies should be used to study the interaction of genetic
constitution with different environmental stimuli. Finally, in order to
evaluate genetic and envirommental influences, rapid, reliable assays for
major metabolites of the test drug and non-invasive approaches to

facilitate population studies must become available.
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Pharmacogenetics - Richard Weinshilboum

Dr. Weinshilboum described one approach that can be used in the
study of the biological and biochemical basis for individual variations
in response to drugs. This approach, the direct measurement of drug
metabolizing enzymes in an easily obtained human tissue such as blood,
makes it possible to screen large populations without administering drugs
to large numbers of patients. For example, measurement of the activities
of some of the enzymes involved in neurotransmiter metabolism, enzymes
that also play a role in drug metabolism, might be informative if the
following conditions are met:

1) The enzyme activity must be present in an easily accessible
tissue such as blood.

2) There must be an accurate assay for the enzyme.

3) There must be genetic variation of the enzyme's activity in the
population.

4) The variation in enzyme activity measurable in blood must reflect
variation in other tissues so that blood measurements are relevant to the
situation in other tissues,

If these conditions are met, the possible functional significance of
genetic variation in the enzyme activity can be studied. Finally, a
single enzyme should not be studied in isclation because most drugs are

metabolized by several enzymes.

-24- .


http://www.nap.edu/catalog.php?record_id=19713

Catechol-o-methyltransferase (COMT) can be used as a paradigm for
the approach outlined above. COMT* is an enzyme that is present in the
red blood cell. After considerable work, an accurate assay for red blood
cell COMT has been developed. Genetic studies of enzyme variations in
school children, siblings and in twins have demonstrated that inheritance
plays an important role in the regulation of COMT activity. Family
studies have shown that the level of COMT activity in the red blood cell
is inherited in a monogenic (mendelian) fashion. The level of activity
is regulated by two alleles at a single genetic locus, one for high and
one for low enzyme activity. The thermal stabilities of the enzymes
coded by these alleles differed when tested in a randomly selected group
of blood donors, an observation compatible with the conclusion that this
locus represents the structural gene for COMT. The enzyme activity in
lung and kidney shows a significant correlation** with the relative level
of COMT activity in the red blood cell. Therefore, it appears that the
genetic regulatory process in red blood cells also affects the level of
enzyme activity in other tissues, at least in the human lung and the

human kidney.

*COMT is involved in the metabolism of the anti-Parkinson's disease drug
L-dopa; in the metabolism of alpha-methyldopa (Aldomet), an antihyperten-
sive drug used by 3 to 4 million patients in the United States; in the
metabolism of isoproterenol, a drug used by asthmatics; and in the methy-
lation of the neurotransmitters noradrenaline and dopamine after their
release from nerves in both the brain and the periphery.

**Correlation coefficient--degree to which variables vary together is
measured by the correlation coefficient. The correlation coefficient may
have a value from zero (no correlation) to -1 or +l1 (perfect negative or
positive correlation).

-25-


http://www.nap.edu/catalog.php?record_id=19713

It has also been shown that the genetically determined level of red
blood cell COMT is directly correlated with the proportion of L-Dopa con-
verted to its 3-0-methyl metabolite. This effect, in turn, is correlated
with drug-induced side effects when the medication is used clinically.
Therefore, this genetic variation, or polymorphism, is of functional
significance, at least with regard to the metabolism of the drug L-dopa.
However, L-dopa, like most drugs, is metabolized by several enzymes and
each of these must eventually be studied.

The model used in the study of the metabolism of catechol compounds
can be applied to totally different classes of drugs. For example, the
thiopurines are a very toxic group of drugs used for treating children
with leukemia and patients with a variety of tumors. 6-Mercaptopurine,
one of the thiopurine drugs, is metabolized by two principal pathways.
One is an oxidation pathway catalyzed by the enzyme, xanthine oxidase,
and the other is a methylation pathway catalyzed by the enzyme thiopurine
methyltransferase (TPMT). The same approach described above for COMT is
being used to study TPMT. TPMT is present in the human red blood cell,
and an accurate assay has been developed. Population and family studies
show that the red blood cell enzyme activity is regulated by two alleles
at a single genetic locus, one for high and the other for very low or
undetectable enzyme activity. Furthermore, the level of red blood cell
enzyme activity is correlated with the level of activity in kidney
tissue. Children with leukemia who are being treated with 6-mercaptop-

urine are currently being studied to see whether this genetic
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polymorphism in the metabolism of thiopurine drugs has a functional
significance.

These examples of genetic studies of enzyme activities involved in
drug metabolism are among the clearest presently available. Results from
the study of other enzymes are not as clear. However, this approach,
when combined with others, may contribute to our understanding of |
individual variations in drug effect and may eventually prove useful when

used to predict whether a person might be at risk when exposed to a drug

or other environmental chemicals.
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Discussion:

During the ensuing discussion, there was concern expressed about how
to transmit these concepts to physicians in a way that is useful for
clinical practice. Awareness of genetic factors in idiosyncratic
responses to drugs will alert a physician that other family members may
react similarly. Therapeutic use by the physician will depend on the
drug's toxicity, and how life-threatening the situation. In some cases,
drug assays are useful for guiding therapy. In other cases, pragmatic
choices will be adequate.

The need for more research to understand the complexities of the
genetic /environmental interactions was emphasized. Progress in the
identification of major genes that can be studied quantitatively might

"permit development of simple tests for practical application. For
example, Dr. Motulsky is studying paraoxinase, an enzyme involved in the
breakdown of the pesticide parathione. People with low levels of the
enzyme may be at higher risk of parathione poisoning. If this were true,
a simple screening test might be used to identify and inform the popula-
tion at greatest risk from the pesticide, so that those at risk may know
to avoid exposure.

Further discussion emphasized the importance of considering environ-
mental factors in the workplace that cause variation in drug response and
in response to chemicals. Many physicians do not take an adequate work
history in order to understand occupational exposures to toxic substances.
Good patient record forms do not exist to record work histories adequately
or to document recreational activities that might result in exposures to

deleterious chemicals. Mr. Mazzocchi expressed concern that application
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of genetic screening to the workplace may thwart efforts to clean up the
workplace and lead instead to banning of the susceptible person from the

environment in question.
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GENETIC/ENVIRONMENTAL INTERACTIONS IN COMMON CHRONIC DISEASES

Cardiovascular diseases and diabetes - Arno Motulsky

Research on diseases determined by single genes transmitted in the
mendelian genetic mechanism and by chromosome errors has led to a greater
understanding of the role of genetics in unifactorial diseases. In con-
trast, the genetic and environmental factors contributing to certain
common diseases known to be aggregated in families are not well under-
stood.,

The influence of genetic factors in chronic diseases can be studied
by using family studies, twin studies, and adoption studies. While such
studies can demonstrate that genetic factors are important in disease
etiology, they do not show the nature, number, or action of the genes.
Specific genes for the common diseases must be identified before important
genetic /environmental interactions can be understood.

One way to study these disorders is to identify the important bio-
logical variables that together result in a particular disease phenotype.
Common chronic diseases of interest include hypertension, coronary heart
disease, duodenal ulcer, diabetes, autoimmune disease, allergies, some
birth defects, the major psychiatric diseases, and some forms of mental
retardation. In any one of these diseases, considerable heterogeneity
exists. For example, in atherosclerosis and in diabetes, many different
disorders result in a similar clinical picture.

Coronary heart disease has been declining in the United States for
the last 10-15 years. This decline, as well as studies of changing rates
of disease in groups that have migrated to parts of the world where heart

disease rates are different from their native lands, provides evidence
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that environmental factors are important in disease etiology. However,
biological and genetic factors can also be found. For example, men are
more susceptible to coronary disease than women, and family clusters of
disease can be documented. Epidemiologic studies have defined some of
the important biological and environmental risk factors--including high
blood pressure, high levels of fats in the bloodstream (hyperlipidemia),
diabetes, cigarette smoking, personality traits, obesity, and lack of
exercise.

Some of the complexities of these diseases became apparent when the
genetics of one of the better known variables identified by epidemi-
ology--hyperlipidemia—-was studied. Among the hyperlipidemias, familial
hypercholesterolemia, inherited as an autosomal dominant gene, is known
to result from a receptor defect. Unfortunately, there is no simple
laboratory test to detect this defect. A second hyperlipidemia, hypertri-
glyceridemia, also seems to be inherited as an autosomal dominant,
although there is disagreement about whether individuals with the gene do
in fact have a higher susceptibility for coronary disease. A third group
of people shows combined hyperlipidemia with elevated levels of both
cholesterol and triglycerides in their blood. However, the pattern is not
consistent in all families studied. Finally, there are many people who
have hypercholesterolemia caused by multifactorial polygenic factors.

The picture is complicated further by the existence of families where
monogenic factors lead to high levels of a high density lipoprotein known
to protect against coronary heart disease. How this factor interacts

with those described before is not yet known.
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Population data from a number of population studies suggest that
high serum cholesterol levels increase the risk of coronary heart
disease. There is considerable controversy about whether dietary changes
can decrease this risk. However, there is agreement that persons with
hyperlipidemia reduce their risk of coronary heart disease by ceasing to
smoke and by controlling blood pressure. Further research is obviously
needed to understand the mosaic that makes up the etiology of this
particular disease.

Another disease shown to have a genetic component by family studies
is hypertension or high blood pressure, with its corollaries of stroke,
coronary heart disease and renal failure. Children with blood pressure
readings in the highest ten percent continue to have high blood pressure
later in life. Various studies indicate important genetic as well as
environmental variables in hypertension, including salt sensitivity,
hormone differences, sympathetic nervous system differences and membrane
abnormalities. Studies 