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Alcohol dependence, and the medical conditions
which arise from prolonged excessive alcohol use,
have no single cause. Like other complex diseases,
they result from a combination of social, personal and
genetic contributions; but within any society genetic
variation has a substantial influence on individual risk.
The genes presently known to affect alcohol depend-
ence produce variation in alcohol metabolism; other
genes which affect personality or susceptibility to in-
toxication are likely to be significant but so far repro-
ducible evidence is scanty. Designs which include re-
lated subjects have advantages for the study of
complex diseases, because any association effects can
be placed in the context of overall heritability and be-
cause linkage analysis can also be included. Examples
of our studies of alcohol metabolism, consumption
and dependence are presented.

Tab.1 Examples of complex diseases in which genetic fac-
tors are thought to play a significant role. In each case the
genes must exert their effects through known or unknown risk
factors. Frequently there is a definable chronic stage which

Introduction

Excessive alcohol consumption, alcohol dependence,
and alcohol-related diseases form an overlapping
group of conditions affected by social attitudes, avail-
ability and price of alcohol, and genetic factors which
cause variation in susceptibility between different indi-
viduals. This mix of social, environmental and genetic
factors is seen in a number of common and clinically
significant conditions. Such complex diseases follow a
pattern of underlying contributing factors, many of
which are unknown, leading to a definable and fre-
quently long-term pathology, and ultimately to compli-
cations or clinical end-points producing death or se-
vere impairment (Tab.1). At each of these stages,
genetic variation may modify risk. The challenge is to
characterise the genes (and, of course, the non-genetic
risk factors) and estimate their relative importance.

Identification of the genes which contribute to risk of
excessive alcohol consumption and dependence, or to
the organ damage which results in some patients,
would establish which biochemical or cellular systems
are involved in the pathogenesis of these conditions
and might improve the quality of the advice which can
be offered to individual patients. Such benefits of ge-
netic epidemiology are of course applicable to, and the
aim of research on, many diseases.

proceeds to one or several clinical end-points, which in turn
may be subject to separate genetic or environmental influ-
ences.

Coronary heart
disease

Non-insulin-dependent
diabetes mellitus (NIDDM)

Osteoporosis Alcohol-related disease

Complications Myocardial infarction,

heart failure

Nephropathy,

disease

Chronic state Atherosclerosis

retinopathy, vascular

Hyperglycaemia,
hyperinsulinaemia

Fractures Cirrhosis, brain damage,
cardiomyopathy
pancreatitis, trauma
Alcohol dependence,

alcohol abuse

Decreased bone
density

Risk factors

Genes

Lipids, smoking, blood
pressure, insulin
resistance, age, family
history

Genes coding for
apolipoproteins or for
apoliprotein receptors

Obesity, age, impaired
glucose tolerance, family
history

MODY genes GCK,
HNF1la, HNF4a. Later
onset NIDDM, genes
unknown

Sex, age, initial
bone density,
HRT, family
history

Vitamin D
receptor gene;
status presently
uncertain

Sex, year of birth,
alcohol metabolism
alcohol sensitivity,
conduct disorder,
depression, personality
ALDH, ADH.

Possibly dopamine
receptors (DRD2,
DRD4), monoamine
oxidase, GABA,
receptor, fyntyrosine
kinase
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Genetic Factors in Alcoholism

The existence of genetic factors for alcohol depend-
ence was suggested by the fact that it clusters in fami-
lies, and has been confirmed by a substantial number
of adoption and twin studies (1-3, and summarised in
4). With the increasing use of alcohol by women in
many countries, investigators have sought to deter-
mine whether the causes of variation in alcohol con-
sumption or susceptibility to dependence are the same
in women as in men. Adoption studies suggested that
one form of alcoholism is strongly heritable and con-
fined to men, while another has a greater environmen-
tal component and can occur in either sex. Meta-analy-
sis of published twin studies, and a recent twin study
including a majority of women (4), suggest that the
causes of alcohol dependence are substantially similar
in men and women.

The next question to arise from such a finding is,
what specific genes are causing the heritable variation
in susceptibility? So far, studies in Asian subjects have
revealed that genetic variation in alcohol metabolism
(ADH and ALDH genes) can affect alcohol dependence
and alcoholic cirrhosis (5-7); while studies on a dopa-
mine receptor gene in multiple populations have
yielded conflicting results (8). The sequence of publica-
tions in both these areas underlines the importance of
multiple studies on independent populations in estab-
lishing the role of a polymorphism in causing alcohol
dependence or any other complex disease.

In the case of ALDH all reports agree on its influence

in Asians, where the inactive ALDH2*2 form is quite
common, and on its lack of significance (because of ab-
sence of ALDHZ2*2) for other populations. For ADH, the
importance of ADH2 and ADH3 variation took longer to
emerge and again was firmly established by studies in
Japan and China. There are still questions about
whether ADHS3 variation has effects on alcohol use or
dependence in non-Asian populations.

The literature on the dopamine D2 receptor (DRD2)
polymorphism is even more conflicting; an initial
highly publicised report has been followed by a stream
of mainly negative papers (see 8). Such a series of
events means that each positive report needs to be rep-
licated, propably several times, before acceptance and
this greatly increases the resources which have to be
employed. Meta-analysis techniques can be applied to
multiple reports on diverse populations to determine
whether the reports are consistent and jointly signifi-
cant, and to estimate the magnitude of the relative risk

by genotype (7).

Strategies for Characterising Genes Contributing to a
Complex Disorder

Several approaches are possible and under active in-
vestigation. All start from the position that genetic ef-
fects on alcohol dependence exist, and all have the
common aim of defining mutations or polymorphisms
in humans which cause this genetic variation. The
routes between these two points diverge (Tab. 2).

Tab.2 Whichever approach is taken to discovering “genes for alcoholism”, the same assumptions

and the same final validation apply.

Starting point

Intermediate stages

Final test

Traditional
genetics

Existence of genetic
effects on alcohol
dependence in
humans

e |dentification of metabolic or
neurochemical events likely to
contribute to variation in risk

¢ Cloning of genes for relevant
enzymes and receptors

Studies showing consistent
association between genotype and
phenotype in humans from
diverse clinical and population
sources

e |dentification of polymorphisms in

these genes

e |nitial association studies in patients

and controls

“Reverse” As above
genetics
(positional

cloning)

® Recruitment and characterisation of
subjects from large pedigrees, or
sibships, with affected subjects

® Genotyping of multiple genetic

As above

markers across all chromosomes to
identify loci showing linkage

e |dentification of genes at these loci,
and polymorphisms in these genes

Animal studies  As above

® Testing and selective breeding of

As above

animals for a relevant characteristic

e Crossing of pure-bred lines, with
testing and genotyping of offspring to
identify quantitative trait loci

e [dentification of genes at these loci,
and at equivalent loci in humans, and
polymorphisms in these genes
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Alarge study in the USA is attempting to identify “al-
coholism genes™ by testing markers across the entire
genome for linkage with alcohol dependence, using
families selected for multiple affected members. Some
promising loci have been reported (9), but no further
details are available. Several groups have bred rats or
mice for sensitivity or resistance to intoxication, or for
voluntary alcohol consumption, and these lines are be-
ing used for detection of quantitative trait loci (QTLS)
(10). Multiple association studies on candidate genes
have been conducted, with variable results as alluded
to above.

Our approach has been to test for association or link-
age between candidate genes and loci, and alcohol de-
pendence or its risk factors, in twin subjects who have
already been extensively studied on multiple occa-
sions over the past twenty years. This allows integra-
tion of repeatibility and heritability information with
the effects of individual alleles or loci, and places the
effects of each genotype in the appropriate context.

Subjects and Methods

The subjects of our studies are adult male and female twins of
European descent, recruited through the Australian National
Health and Medical Research Council (NHMRC) Twin Registry
for a study of genetic and environmental effects on alcohol
consumption, alcohol dependence and common co-morbid
conditions, and biological markers of alcohol use. Blood sam-
ples have been obtained from approximately 3300 subjects,
and data from an alcohol challenge study is also available for
around 400 of them.

As a first step in identifying the components of the genetic
variation, which is substantial and highly significant in this
group, we have typed ADH2, ADH3, and up to eight other
polymorphic markers on chromosome 4 using blood samples
from these twins. ADH2 and ADH3 were typed using polyme-
rase chain reaction (PCR) followed by restriction digestion and
electrophoresis, while microsatellite markers were typed by
PCR with fluorescent labelled primers and gel electrophore-
sis. These data are being analysed using the three main ap-
proaches presently available: association of phenotype with
genotype at a candidate locus, linkage disequilibrium map-
ping, and linkage using sib-pairs. The phenotype variables are
measures of quantity and frequency of alcohol consumption,
the number of self-reported alcohol-related problems, and
DSM-IIIR alcohol dependence. Consumption and problem
data have been collected on multiple occasions up to fifteen
years apart.

Secondly, we have studied the effects of variation in the
dopamine D4 receptor (DRD4) on variation in a known risk fac-
tor for alcohol dependence, the personality trait of Novelty
Seeking. Scores were measured with the Tridimensional Per-
sonality Questionnaire, and DRD4 genotype and genotype for
a nearby microsatellite (D11S1984), were determined by PCR
and electrophoresis.

Results and Discussion

So far first stage results have been obtained, from the
sub-group of subjects who participated in the alcohol
challenge study. A series of significant effects of ADH2

type on measures of alcohol consumption and depend-
ence have been found in men, but only non-signifi-
cant effects were found in women (Whitfield et al.,
Alcoholism: Clinical and Experimental Research. In
press.). ADH3 showed weaker associations, but still
consistent with the hypothesis that the more active en-
zyme forms are associated with lower risk. ADHZ2 also
has significant effects on alcohol pharmacokinetics.
Results for other chromosome 4 markers are still being
evaluated, with preliminary indications of effects on al-
cohol metabolism but not alcohol use.

This is the first positive result for ADH2 and alcohol-
dependence in subjects of European descent, and the
relative risk associated with ADHZ2type is similar to that
found among Asians. The absence of detectable ADH2
effects in women requires further investigation; only
one of the Asian studies considered possible sex differ-
ences in ADH effects and they also found significant re-
sults in men but not women. Because of the low fre-
quency of ADH2*2 (less than 10% in Europeans),
variation at this locus accounts for only about 6 % of
the variation in alcohol use, even among the men.

These results suggest that ADH variation may affect
alcohol use through the mechanism suggested by Tho-
masson et al. (11). They proposed that people with the
ADH2*2 or ADH3*1 alleles would metabolise alcohol
faster, produce a higher concentration of acetaldehyde,
and be more likely to experience either flushing or un-
defined aversive effects after drinking alcohol. Against
this concept are the lack of evidence for flushing reac-
tions in non-ALDH-deficient subjects (even though the
ADH effects are independent of ALDH status (7)), and
the similar rates of alcohol metabolism in the post-ab-
sorptive phase regardless of ADH genotype. However,
there does seem to be a greater degree of early alcohol
metabolism in ADH2*12 than ADHZ2*11 subjects (12),
and this could contribute to differences in the percep-
tion of alcohol’s euphoric qualities and consequently in
alcohol use.

The question of the effects of ADH3 variation on al-
cohol dependence is still unresolved. It seems clear
that there is no ADH3 effect on alcohol metabolism in
vivo, but that there is a highly significant effect on alco-
hol dependence in Japanese and Chinese subjects.
Further studies on ADH3 and alcohol dependence with
larger numbers of European subjects should clarify this
issue, and these are in progress.

Our investigations on genes affecting alcohol use or
dependence through effects on personality have only
recently started. DRD4 variation was found to have sig-
nificant effects on Novelty Seeking score, a risk factor
for alcohol dependence, in both men and women.
However, this effect does not seem to be transmitted
through to the alcohol dependence end-point itself,
either because the effect is small or because DRD4 in-
fluences some aspect of Novelty Seeking which is not
related to alcohol use.

Future progress depends on sophisticated an time-
consuming data analysis, which will show whether
other loci in the ADH region of chromosome 4, or in the
DRD4 region of chromosome 11, contribute to genetic
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variation in alcohol use and dependence. Extensive
typing at other loci will be required to test for involve-
ment of other candidate genes such as dopamine or
y-amino butyric acid (GABA) receptors.

Conclusion

There is no doubt that alcohol dependence is an exam-
ple of a complex syndrome with a strong genetic com-
ponent. This concept should help to reduce lingering
prejudices against patients with this condition, and
make biological approaches to it more widely accept-
ed. Like any other complex genetic condition, large
numbers of well-characterised subjects and a great
deal of laboratory work and data analysis will be re-
quired to define the genes involved. The comparatively
brief history of these efforts shows that certain princi-
ples must be kept in mind, such as replication of results
by independent groups, generalisability to diverse
populations, and the desirability of a plausible mecha-
nism for any genotype effects found.

Acknowledgements

Collection of data from the twins described in this paper was
supported in part by grants from the National Health and Med-
ical Research Council (Australia) and the National Institute of
Alcohol Abuse and Alcoholism (USA).

References

1. Goodwin DW, Schulsinger F, Hermansen L, Guze SB, Wino-
kur G. Alcohol problems in adoptees raised apart from
alcoholic biological parents. Arch Psychiatr 1973;
28:238-43.

2. Cloninger CR, Bohman N, Sigvardsson S. Inheritance of al-
cohol abuse: cross-fostering analysis of adopted men. Arch
Gen Psychiatr 1981: 38:861-7.

3. Prescott CA, Hewit JK, Truett KR, Heath AC, Neale MC,
Eaves LJ. Genetic and environmental influences on life-
time alcohol-related problems in a volunteer sample of
older twins. J Stud Alcohol 1994; 55:184-202.

4.Heath AC, Buchholz KK, Madden, PAF, Dinwiddie SH,
Slutske WS, Statham DJ, et al. Genetic and environmental
contributions to DSM-IIIR alcohol dependence risk in a na-
tional twin sample: consistency of findings in women and
men. Psycholog Med 1997; 27:1381-96.

5.Harada S, Agarwal DP, Goedde HW, Tagaki S, Ishikawa B.
Possible protective role against alcoholism for aldehyde
dehydrogenase deficiency in Japan. Lancet 1982; 2:827.

6. Higuchi S. Polymorphisms of ethanol metabolising en-
zyme genes and alcoholism. In: Saunders JB, Whitfield JB,
editors. The biology of alcohol problems. Oxford: Perga-
min, 1996.

7. Whitfield JB. Meta-analysis of the effects of alcohol dehy-
drogenase genotype on alcohol dependence and alcoholic
liver disease. Alcohol Alcoholism 1997; 32:613.

8. Gelernter J, Goldman D, Risch N. The Al allele at the D2
dopamine receptor gene and alcoholism. A reappraisal. J
Am Med Assoc 269:1673-7.

9.Reich T, Edenberg HJ, Goate A, ??? et al. Genome-wide
search for genes affecting the risk of alcohol dependence.
Am J Med Genet (Neuropsychiatr Genet) 1998; 81:207-15.

10. Belknap JK, Richards SP, O’'Toole LA, Helms ML, Phillips
TJ. Short-term selective breeding as a tool for QTL map-
ping: ethanol preference drinking in mice. Behav Genet
1997; 27:55-66.

11. Thomasson HR, Crabb DW, Edenberg HJ, Li T-K. Alcohol
and aldehyde dehydrogenase polymorphisms and alco-
holism. Behav Genet 1993; 23:131-6.

12. Whitfield JB. ADH and ALDH genotypes in relation to alco-
hol metabolic and sensitivity. Alcohol Alcoholism 1994;
Suppl. 2:59-65.

Received 20 April 1998; accepted 28 May 1998

Corresponding author: Dr. J. B. Whitfield, Department of
Clinical Biochemistry, Royal Prince Alfred Hospital,
Camperdown NSW 2050, Australia

Tel.: 461295155246, Fax: +61295157931

E-mail: johnwhit@bioc.rpa.cs.nsw.gov.au



