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Allelic variants at the catechol-O-methyl-
transferase (COMT) locus are candidates to
contribute to genetic components of interin-
dividual differences in vulnerability to sub-
stance abuse. COMT plays a prominent role
in dopaminergic circuits important for drug
reward, and COMT alleles encode enzymes
whose activities vary from three- to four-
fold. We compared COMT allele frequencies
in control research volunteers reporting in-
significant lifetime use of addictive sub-
stances with those in volunteers reporting
substantial polysubstance use. Homozygos-
ity for the high-activity COMT allele was
found in 18% of controls, 31% of volunteers
with high lifetime substance use, and 39%
meeting DSMIII-R substance abuse criteria
[odds ratio (relative risks) 2.0 (control vs.
use; 95% confidence interval 1.2–3.5; P <
0.013) and 2.8 (control vs. DSM; 1.3–6.1; P <
0.008)]. Individuals with the high-activity
COMT variant may have greater genetic vul-
nerability to drug abuse. Am. J. Med. Genet.
74:439–442, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

The use of addictive substances is likely to represent
complex interactions between genetic and environmen-
tal factors [Uhl et al., 1995]. Evidence from twin stud-
ies indicates that drug abuse phenotypes, including
quantity/frequency of use and features responsible for
Diagnostic and Statistical Manual of Mental Disorders

III-Revised (DSMIII-R) diagnoses of substance abuse/
dependence, are each likely to reflect significant ge-
netic contributions [Goldberg et al., 1993; Pickens et
al., 1995; Johnson et al., 1996; Tsuang et al., 1996].

Dopaminergic brain systems play prominent roles in
drug reward [Gardner, 1992], focusing attention on
genes expressed in these circuits as candidates to con-
tribute to substance abuse vulnerability. Catechol-O-
methyltransferase (COMT) is expressed in dopaminer-
gic brain regions, where its activity provides a pathway
by which extraneuronally released dopamine is inacti-
vated [Kopin, 1994]. Three- to fourfold differences in
human COMT activities are attributed to codon 158
polymorphisms that encode either a valine (GTG) that
produces an enzyme with higher activity or a methio-
nine (ATG) that produces a markedly lower activity
variant [Spielman and Weinshilboum, 1981; Boudi-
kova et al., 1990; Aksoy et al., 1993; Lotta et al., 1995;
Lachman et al, 1996a]. To seek influences of this
COMT allelic variation on substance abuse vulnerabil-
ity, we have compared COMT genotypes in a group of
unrelated polysubstance abuser research volunteers,
whose use was defined on the bases of 1) quantity/
frequency of self-reported peak lifetime drug use and 2)
DSMIII-R criteria for substance abuse/dependence,
with the genotypes of control research volunteers free
from significant use of addictive substances.

MATERIALS AND METHODS
Patient Ascertainment

Three hundred nine caucasian research volunteers
were recruited from the National Institute on Drug
Abuse Intramural Research Program (263), an adja-
cent hemodialysis unit (4), and a public health facility
studying HIV infection in Baltimore (42). Lifetime his-
tories of use of each class of licit and illicit substances
were assessed for each research volunteer by using the
Drug Use Survey (DUS), an instrument with a test-
retest reliability coefficient of 0.78 and an interrater
reliability coefficient of 0.94, as described previously
[Smith et al., 1992]. The DUS assessed volunteers’
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peak lifetime use of each of 15 classes of addictive sub-
stances, assigned a 0–3+ rating for each drug class and
produced a composite score for total use of addictive
substances [Smith et al., 1992]. Control volunteers
analyzed here displayed total drug use scores of 0 or 1;
no subject with a DSM diagnosis of abuse or depen-
dence was included. A DUS score of 0 allowed minimal
use of alcohol, nicotine, or marijuana and no use of
other drugs, whereas a score of 1 allowed moderate use
of alcohol, nicotine, or marijuana and/or minimal use of
other drugs. Data from these control volunteers were
contrasted with data from heavy substance abusers,
who rated total DUS drug use scores of 3 based on
heavy use of at least one illicit drug, often associated
with heavy use of nicotine and/or alcohol. The controls
were also contrasted with a subgroup of 41 of these
individuals who achieved DSMIII-R drug abuse or de-
pendence diagnoses. Concordance between the two
measures of drug use was high: Ninety-two percent of
the individuals in this study with DSMIII-R drug
abuse or dependence diagnoses also received a DUS
total drug use score of 3, and 92% of the individuals
with DUS scores of 0 or 1 were free from diagnosis of
drug abuse or dependence.

Mean ages were 29 ± 0.5 years for controls and 34 ±
0.4 years for drug users, statistically significantly dif-
ferent values that both fall after the age of incidence of
most addictive substance use. Analyses using only con-
trols 25 years of age and older removed the differences
in mean ages (33 vs. 34) while retaining the significant
differences in allelic frequencies (see below) between
these controls and abusers characterized by quantity/
frequency assessments (X2 4 9.71, df 4 2, P 4 0.008).

COMT Polymorphisms

COMT genotypes were determined by restriction
fragment length polymorphism (RFLP) analysis from
DNA extracted from the subjects’ peripheral blood by
an investigator who was unaware of phenotype. The
polymorphism is generated by the presence of a G or A
encoding a valine or a methionine at codon 158 of the
membrane-bound form, a codon equivalent to 108 of
the cytoplasmic form of the enzyme [Tenhunen et al.,
1994; Lotta et al., 1995; Lachman et al., 1996a]. A 210-
base pair (bp) radiolabelled PCR product was gener-
ated by using the primers 58-CTCATCACCATCGA-
GATCAA and 58-GATGACCCTGGTGATAGTGG, cor-
responding to nucleotides 1,881–1,900 and 2,071–2,090
(GenBank accession number z2649) [Bertocci et al.,
1991; Lundstrom et al., 1991; Tenhunen et al., 1994].
The PCR product (10 ml) was treated with 5 units of
NlaIII for 3 hours at 37°C, and an 85-bp fragment char-
acteristic of the GTG (valine) codon 158 allele and a
67-bp fragment characteristic of the ATG (methionine)
allele were separated by electrophoresis using 8% non-
denaturing polyacrylamide gels [Lachman et al.,
1996a]. Statistical analyses used SPSS (SPSS Inc.,
Chicago, IL) and Linkage Utility (Jurg Ott).

RESULTS

Primary analyses revealed significant differences in
the distributions of both COMT genotypes and allele

frequencies between controls (n 4 124) and substance
abusers defined by quantity/frequency of use (n 4 185;
genotypes: X2 4 6.51, df 4 2, P 4 0.038; allele fre-
quencies: X2 4 5.75, df 4 1, P 4 0.02; this and other
comparisons are evident in Table I). This difference
was found in males; the small female sample (n 4 59)
did not allow adequate power for statistical signifi-
cance (data not shown). A second analysis was calcu-
lated by using the subgroup of the drug abusing volun-
teers who had also been administered the Diagnostic
Interview Schedule (DIS) for DSMIII-R diagnoses of
substance abuse or dependence (n 4 41). This analysis
also revealed significant differences between COMT
genotypes in abuser and control groups, accompanied
by a trend in allele frequency distributions that did not
reach statistical significance (genotypes: X2 4 7.92, df
4 2, P 4 0.02; allele frequencies: X2 4 2.95, df 4 1, P
4 0.1).

Examining genotypes that encode extreme pheno-
typic values may help reveal the nature of a single
gene’s contribution to a complex disorder. The work of
Spielman and Weinshilbaum [1981] and Lachman et
al. [1996a] both support a good predictive relationship
between COMT genotype and COMT enzymatic activ-
ity determinations. These workers’ data suggest an ad-
ditive model for COMT activity; homozygote genotypes
represent high and low COMT activities that can differ
by three- to fourfold. However, several sorts of models
could describe plausible relationships between COMT
activities and substance abuse vulnerability, including
threshold models. Accordingly, a third analysis exam-
ined the proportions of the highest activity homozy-
gotes (G/G) to the lower activity genotypes (A/A and
A/G) in substance abuser and control groups. G/G ho-
mozygotes are nearly twice as frequent in volunteers
who report high quantity/frequency drug use than in
controls free from such use (X2 4 6.29, df 4 1, P 4
0.012). The sample defined on the basis of DSM diag-
noses also shows a similar, statistically significant dif-
ference from control values (X2 4 7.16, df 4 1, P 4
0.007). Analysis of the frequency of A/A homozygotes in

TABLE I. Catechol O-Methyltransferase Genotypes and Allele
Frequencies in Drug Users and Controls

Sample

Genotype
frequencies (n)a

Allele
frequencies (n)

G/G% A/G% A/A% G% A%

Controls 18 (23) 51 (63) 31 (38) 44 (109) 56 (139)
Abusers (DUS

quantity/
frequency)b 31 (58) 45 (83) 24 (44) 54 (199) 46 (171)

Diagnosis
(DSM
abuse/
dependence)c 39 (16) 32 (13) 29 (12) 55 (45) 45 (37)

aThere was no significant deviation from the expected Hardy-Wienberg
proportions for our data. DUS, Drug Use Survey; DSM, Diagnostic and
Statistical Manual.
bControls vs. abusers (DUS quantity/frequency measure). genotypes: x2 4
6.51, P 4 0.038 (df 4 2); alleles: x2 4 5.75, P 4 0.02 (df 4 1); G/G
homozygote: x2 4 6.29, P 4 0.012 (df 4 1).
cControls vs. abusers (DSM diagnosis). genotypes: x2 4 7.92, P 4 0.02
(df 4 2); alleles: x2 4 2.95, P 4 0.11 (df 4 1); G/G homozygote: x2 4 7.16;
P 4 0.007 (df 4 1).
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the samples reveals only a modest trend toward con-
trol/abuser differences, with 1.2–1.4-fold higher fre-
quencies in the control sample (X2 4 1.79, P 4 0.18 for
quantity/frequency; X2 4 0.03, P 4 0.87 for DSM di-
agnoses).

DISCUSSION

These results support the concept that inheritance of
higher activity COMT alleles may increase drug abuse
vulnerability. Results of association studies need to be
considered in relationship to the nature of the popula-
tions investigated. In prior studies that assessed
COMT genotypes or enzymatic activities in individu-
als, screening for use of addictive substances was not
conducted. In these studies, the frequency of the high-
activity allele was 0.47 in 78 British Caucasians
[Daniels et al., 1996] and 0.6 in 87 Caucasian research
volunteers recruited largely in New York [Lachman et
al., 1996b]. Enzyme activity values in 893 caucasian
volunteers collected at the Mayo Clinic found a fre-
quency of 0.54 [Spielman and Weinshilboum, 1981].
However, this frequency is dependent on the break-
points chosen to assign an enzyme activity level to a
genotype. Our current data and the differences in
COMT allelic frequencies among previously reported
Caucasian samples may reflect sample-to-sample dif-
ferences due to problems of stratification.

We have attempted to minimize the opportunity for
stratification based on race or ethnicity by sampling
control and polysubstance abusing research volunteers
of self-reported Caucasian ethnicity from a restricted
geographic area that provides widespread availability
of abused substances: metropolitan Baltimore. In addi-
tion, the subjects had largely passed through the ages
of risk for initiating drug use [Bennett, 1983]. Interim
analysis revealed similar allele frequencies in the first
2/3 and the last 1/3 of the volunteers sampled here
(data not shown).

It is important that provisional results from any as-
sociation study be replicated in independent samples.
A replicate analysis of drug abuse phenotypes and
COMT genotypes that seeks differences in the same
proportions reported here should reach significance (a
< 0.05) with a minimum n 4 171 if the current results
correctly identify the magnitude and the variability of
a true association.

Recent data have documented that different features
of drug abuse phenotypes, including those that contrib-
ute to DSMIII-R diagnoses and quantity-frequency as-
sessments, may display different degrees of genetic
loading [Johnson et al., 1996]. Thus, we have studied
individuals assessed for two substance abuse pheno-
types. Because quantity/frequency assessments pro-
vide distributed values, we contrasted individuals self-
reporting high-level use of addictive substances with
those reporting minimal use. It is possible for an indi-
vidual to use significant quantities of illicit drugs and
yet not fulfill the criteria for a diagnosis of drug abuse
based on DSMIII-R. Thus, we used the same group of
controls with minimal drug use for comparison with
individuals diagnosed as drug abusing or drug depen-
dent. The positive association obtained by using

DSMIII-R criteria was obtained from a subset of indi-
viduals characterized by DUS and thus, is not entirely
independent. However, the DSMIII-R represents an al-
ternative method for determining phenotype widely
used in clinical settings. Although further studies could
analyze individuals assessed separately by using these
two approaches, the initial data from the present re-
port at least suggest that both approaches might yield
positive associations.

Transgenic mice with altered expression of genes im-
portant for dopaminergic reward pathways respond to
abused substances differently from wild type litter-
mates [Miner et al., 1995]. Frequencies of markers at
several other, but not all, dopaminergic gene loci can
also differ between human drug abusers and controls
[Smith et al., 1992; Noble et al., 1993; Persico et al.,
1993; Gelernter et al., 1994; Uhl, 1994; Muramatsu
and Higuchi, 1995]. The current work is part of ongoing
efforts to identify genes involved in vulnerability to
substance abuse that has focused on dopaminergic
genes. Failure of DNA from subsets of the same indi-
viduals to display associations with markers at the
DAT or VMAT loci provides some evidence for the
specificity of the current results. Shortening the per-
sistance of released dopamine in brain reward circuits
through expression of a high-activity COMT variant
could provide a specific and plausible mechanism for
gene-neurotransmission-behavior association. It is also
important to note that the current data cannot exclude
a conceivable role for a functional polymorphism
nearby and in linkage disequilibrium with the COMT
codon 158 polymorphism used in this work.

COMT enzymatic activity in the brain can be altered
by some currently available drugs. Identification of
functional COMT allelic variants predisposing to sub-
stance abuse vulnerability could have significant
therapeutic implications. Replication and extension of
the current findings that COMT provides a strong can-
didate locus for substance abuse vulnerability could
open the way for both improved understanding and en-
hanced therapeutic opportunities in addressing the dif-
ficult problems that drug abuse poses to individuals
and society.
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