D, Dopamine Receptor Gene Tagl Al and B1 Restriction
Fragment Length Polymorphisms: Enhanced Frequencies
in Psychostimulant-Preferring Polysubstance Abusers
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Several lines of evidence suggest that presence of a D, dopamine receptor (DRD2) gene
variant marked by Taql restriction fragment length polymorphisms (RFLPs) might contribute
to vulnerability to substance abuse. Psychostimulants display the most robust enhancement of
dopamine activity in mesolimbic/mesocortical circuits important for behavioral reward. The
present study tests the hypothesis that a DRD2 gene variant might be more prominent in
polysubstance users who preferentially use psychostimulants than in addicts with preferential
opiate use or in those with no drug preference. Polysubstance users with histories of heavy
daily preferential psychostimulant use more often displayed one or two copies of the Taql Al
(27/62 = 43.5% vs 33/119 = 27.7% for controls), and Bl (20/62 = 32.3% vs 23/119 = 19.8%
Sor controls) markers at the DRD2 locus. DRD2 gene marker distributions in abusers with
more prominent opiate use, or those with no history of drug preference, were similar to control
genotypes. Psychostimulant-preferring drug users also reported earlier onset of psychostimu-
lant use. Our data are consistent with the hypothesis that DRD2 gene variants marked by these
polymorphisms may work, probably in concert with other genetic and environmental factors,
to enhance vulnerability to psychostimulant abuse.
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Introduction

Genetic contributions to the etiology of substance abuse
are supported by family, twin, and adoption studies (Ped-
ersen 1984; Cadoret et al 1987; Pickens et al 1991; Luthar
et al 1992; Uhl et al 1995). Although most abused drugs
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share the ability to activate mesolimbic/mesocortical do-
paminergic circuits critical for reward and reinforcement
in animals, psychostimulants appear to provide the largest
effects (Di Chiara and Imperato 1988; Wise and Rompre
1989). Inherited variants of genes coding for proteins
involved in dopaminergic neurotransmission could thus
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contribute to the genetic underpinnings of drug addiction
and in particular might confer increased vulnerability to
psychostimulant abuse.

Modest, but significant associations between D, dopa-
mine receptor (DRD2) gene variants marked by the Tagl
Al restriction fragment length polymorphism (RFLP) and
polysubstance abuse have been described in several stud-
ies that have included varying proportions of psychostimu-
lant abusers (for review see Uhl et al 1992, 1993, 1995;
Persico et al 1993; Gelernter et al 1993; Noble 1993).

In a probably-polygenic disorder with large environ-
mental influences, such as substance abuse, the effect of a
single gene might conceivably account for clinical traits
most readily detected in a specific subset of patients.
Smith et al (1993) found no association between DRD2
polymorphisms and psychopathy in incarcerated drug
users, suggesting that possible links between DRD2 poly-
morphisms and addiction may not be mediated by antiso-
cial personality, which represents a common substance
abuse comorbidity. Since animal models suggest that
enhanced dopaminergic release from mesolimbic/meso-
cortical terminals may play a more critical role in psycho-
stimulant than in opiate self-administration (Pettit et al
1984; Vaccarino et al 1985; Kuhar et al 1991; Pulvirenti et
al 1992), we wondered if DRD2 gene variants could exert
more profound influences on psychostimulant abuse than
on the use of abused drugs with less fully-dopamine-
dependent mechanisms of action.

This study tests this hypothesis. We report that the
DRD?2 Tagl Al and B1 markers are more frequent among
Caucasian polysubstance abusers who, despite access and
exposure to both psychostimulants and opiates, develop
severe addiction to psychostimulants alone. These results
contrast with those from opiate-preferring abusers, from
addicts reporting prolonged daily use of both drugs, and
from heavy users of multiple drugs including psycho-
stimulants and opiates. The specificity of these genetic
findings is further confirmed by the lack of association
displayed by a variable number tandem repeat (VNTR)
marker at another important dopaminergic gene locus, the
dopamine transporter (DAT1) (Vandenbergh et al 1992).

Methods
Subjects

A total of 528 Caucasian individuals volunteered for this
study under informed consent and confidentiality provi-
sions. Subjects were recruited from the Baltimore/Wash-
ington area by the National Institute on Drug Abuse,
Division of Intramural Research, at the Addiction Re-
search Center (N = 450), a nearby hemodialysis unit (N =
12), an adjacent public health facility studying HIV
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infections (N = 52) (Baltimore, Maryland) and by the
Department of Medical and Clinical Psychology, Uni-
formed Services University of the Health Sciences (N =
14) (Bethesda, Maryland). Subjects reporting at least 25%
or more Native American or Hispanic origin were ex-
cluded. A portion of this sample is represented by subjects
whose dopamine D, receptor Tagl RFLP and DAT!
VNTR status have been the object of previous reports
(Smith et al 1992; Persico et al 1993b).

All subjects completed the Drug Use Survey (DUS), a
validated interview which records the age of onset and the
amount, frequency, and/or dollar cost at the time of
lifetime peak use for each of 15 addictive substances or
drug classes, including alcohol and nicotine (Smith et al
1992). A subgroup of 131 subjects was also administered
the Diagnostic Interview Schedule (DISIII-R), as previ-
ously described (Smith et al 1992).

Peak lifetime drug use was rated based on DUS reports
by raters who were blind to genotype information, as
described by Smith et al (1992). Briefly, use of each
substance was scored on a 4-point scale (0 = none; + =
experimental, sporadic or minimal; ++ = frequent or
moderate; +++ = daily or heavy), according to a set of
specific criteria for each drug class (Smith et al 1992).
Each subject was then assigned a “total use” index,
derived by pooling scores for individual substances, with
0 indicating up to minimal use of alcohol, nicotine and
marijuana, in the absence of any other drug use; 1
indicating up to frequent use of alcohol and nicotine, in the
presence of up to experimental/minimal use of illicit
drugs; 2 indicating heavy use of alcohol or nicotine,
frequent use of marijuana and/or up to frequent use of
other drugs; and 3 indicating daily/heavy use of any illicit
drug. DUS rating criteria relevant to opiates and psycho-
stimulants are listed in Table 1. Control subjects (N =
119) were then defined on the basis of a “total use” index
of 0 or 1, and drug users (N = 409) had indices of 2 or 3.

Drug-use patterns were next analyzed to test whether
DRD?2 gene variants correlated with more prominent daily
use of either psychostimulants or opiates. In order to
minimize the influence of drug unavailability or other
environmental factors in determining preferential sub-
stance use, only drug users who reported lifetime use of
both a psychostimulant (either cocaine or amphetamines)
and an opiate (either heroin or other opiates) were in-
cluded in analyses. Furthermore, only drug users reporting
heavy/daily lifetime peak use of psychostimulants and/or
opiates were considered. Drug “preference” was therefore
defined on the basis of reported peak lifetime drug use and
not on subjective liking of drug effects. Using these
guidelines, the original sample of 409 substance abusers
was divided into 4 samples: psychostimulant-preferring
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Table 1. Drug Use Survey: Criteria for Self-Reported Lifetime
Peak Use of Psychostimulants and Opiates®

Cocaine 0: Never used cocaine.
+: <2 grams per week (=$150 per week);
typical use about 1 gram per month,
++: 2-4 grams per week (>$150 per week but
<$300 per week).
+++: >4 grams per week, usually up to 7-10
grams per week; (>$300 per week,
usually much higher; daily use common
in these subjects).
Amphetamines 0: Never used amphetamines.
+: <1 pill per week (<4 pills per month).
++: 1-6 pills per week (4-24 pills per month).
+++: =7 pills per week (=24 pills per month).

Heroin 0: Never used heroin.

+: Used 1 time per week or <$30.00 per
week.

++: Typical use—2-3 times per week (up to 6
times per week), spending $30 to $100
per day.

+++: Daily use, typically spending =$100 per
day.

Other opiates  0: Never used morphine, methadone, codeine,
dilaudid, or other opiate analgesics.

+: Used 1 time per week or <$30.00 per
week.

++: Typical use—2-3 times per week (up to 6
times per week), spending $30 to $100
per day.

+++: Daily use, typically spending =$100 per
day.

“Prescription drug use was coded as “0” if taken for valid medical reasons.

drug users (N = 62), opiate-preferring drug users (N =
40), substance abusers reporting daily use of both drugs (N
= 47), and heavy polysubstance users with daily use of
drugs in 6 or more categories, including both psychostimu-

A. M. Persico et al

contrasted with 119 controls, with mean age 29 * 9.1
years, M/F = 94/25 and total drug use scores of 0 (N =
61) or 1 (N = 58).

Samples from distinct racial and ethnic groups, assessed
for potential differences in dopamine transporter VNTR
allelic frequencies, include 405 Caucasian-Americans, 82
African-Americans, 348 Italians, 107 Japanese, and 203
Chinese individuals. The Caucasian-American sample,
partly overlapping with smaller samples that were the
object of previous assessments (Persico et al 1993b),
includes all 155 polysubstance users and 71 controls from
this study, as well as 179 additional drug users. African-
Americans are represented by 29 controls and 53 polysub-
stance users. Italians include 135 normal controls, 149
schizophrenics and 64 patients with delusional disorders
(Persico A.M., Macciardi F., Catalano M., manuscripts in
preparation). Japanese subjects are from Sano et al
(1993), and the Chinese sample from Li et al (1994),
includes 105 schizophrenics and 98 normal controls. In all
studies, patients and normal controls displayed virtually
identical allelic frequencies and were therefore combined.

Laboratory Methods

Blood was obtained, DNA extracted, and DRD2 Tagl
RFLP and DAT1 VNTR analyses were performed as
previously described (Smith et al 1992; Vandenbergh et al
1992; Persico et al 1993b). Briefly, 15 ml of blood were
drawn into EDTA-containing tubes, DNA extractions
were performed using standard methods (Sambrook et al
1989) on isolated nuclei for samples stored at 4°C and on
sedimented white blood cells for samples frozen at
—70°C. DRD2 Tagql RFLPs were analyzed using 5-10 p.g
of DNA digested with Tagl, electrophoresed using 0.8%

agarose gels, transferred to nylon membranes, UV-
crosslinked, pre-hybridized, and hybridized as described
(Smith et al 1992), washed for 20 minutes in 2X SSC at

lants and opiates (N = 42). Drug use rating criteria for
each of these samples, age of onset, and demographic
information are shown in Table 2. These subjects were

Table 2. Demographic Characteristics, Age of Onset and Lifetime Peak Drug Use Patterns in Substance Users Categorized
According to Drug Preference and Extent of Polysubstance Abuse®

Psychostimulant Opiate No Heavy poly-
preference preference preference drug users
Age (yrs) 319+59 37769 339179 375172
Sex (M/F) 56/6 33/7 37/10 39/3
Peak cocaine or amphetamine use +++ +(N=17) +++ +++
(N = 62) ++ (N =23) (N = 47) (N =42)
Peak heroin or other opiate use + (N = 28) +++ +++ +++
++ (N = 34) (N = 40) (N = 47) (N = 42)
Number of +++ drug classes Any Any <6 =6
Age of onset of psychostimulant use 18.8 + 438 225%69 214 *69 17.9 £ 4.2
Age of onset of opiate use 235*56 195 £ 5.7 21.6 £6.2 17.6 £ 4.0
Psychostimulant use/opiate use age of onset ratio 0.83 £0.26 1.17 £0.27 1.03 £ 0.38 1.05 £ 0.30
Age of onset of any drug use 12427 13.0x27 126 = 2.6 120+28

“Data are expressed as mean * standard deviation.
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room temperature followed by two 30-minute washes in
0.4X 8SC/0.5% SDS at 55°C and exposed to film (Kodak
XAR) for 1-6 days with an intensifying screen at —70°C
or to a phosphorimager (Molecular Dynamics).

DRD2 Taql A RFLP patterns were detected using the
phD2-9 probe, subcloned from the AhD2G1 human
genomic clone (obtained from O. Civelli) as previously
described (Smith et al 1992), containing a 1.7-kilobase
(kb) BamHI fragment which detects each of the four
currently-identified Taql A patterns (Persico et al 1993c).
Rare A3 and A4 polymorphisms of the DRD2 Tagql A
system have been recoded A2 and Al, respectively,
according to Persico et al (1993c). Tagl B polymorphisms
were ascertained using the AhD2G2 clone (obtained from
O. Civelli), as described (Smith et al 1992). Tagl D
patterns were assessed using the phD2-244 probe (ob-
tained from A. Parsian), containing a 3.8 kb Xbal fragment
spanning the entire exon 3 and portions of introns 2 and 3
of the human DRD2 gene (Parsian et al 1991).

Dopamine transporter gene markers were assessed us-
ing polymerase chain reaction (PCR) (Vandenbergh et al
1992). Briefly, a 40-base pairs (bp) variable number
tandem repeat (VNTR) located in the 3’ untranslated
region of the DAT1 cDNA was amplified from 40 ng of
genomic DNA using 1.25u of AmpliTaq DNA polymerase
through 35 cycles as follows: denaturing for 1 min at 93°C
and annealing/extension for 1 min at 72°C, in buffer
supplied by the manufacturer (Perkin-Elmer) and in the
presence of primers 5'-TGTGGTGTAGGGAACGGCCT-
GAG-3" and 5'-CTTCCTGGAGGTCACGGCTCAA-
GG-3' at 5 X 107"M. Amplification products were elec-
trophoresed using 5% polyacrylamide gels and product
sizes were determined by comparison with molecular
weight standards (BRL).

Previous results lend support to the existence of an
association between substance abuse and DRD2 Tagl Al
and B1 polymorphisms (for review see Uhl et al 1992; Uhl
et al 1993; Persico et al 1993a; Noble 1993; Uhl et al
1995). In one report, the Tagl Al marker was also
associated with a moderate decrease in brain DRD2 B,
while alcohol intake appeared to have an impact only on
DRD2 Kd (Noble et al 1991). In Caucasians, these
polymorphisms have been found to be in linkage disequi-
librium with the Tagl D2 marker (Persico et al manuscript
in preparation). Furthermore, enhanced dopaminergic re-
lease from mesolimbic/mesocortical terminals may play a
critical role only in animal models of psychostimulant and
a less critical role in opiate self-administration (Pettit et al
1984; Vaccarino et al 1985; Kuhar et al 1991; Pulvirenti et
al 1992). Therefore, one-tail x> tests were performed on
genotype distributions, to test the hypothesis of an asso-
ciation between enhanced presence of the DRD2 Tagl Al,
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B1, and D2 polymorphisms and preferential abuse of
psychostimulants. Few subjects displayed homozygote
Al/Al, and B1/B1 genotypes; data from these individuals
were combined with those from heterozygotes and x? tests
with Yates’ continuity correction performed on the result-
ing contingency tables. The same statistical procedures
were performed on DAT1 VNTR genotype distributions,
under the hypothesis of no association, in accordance with
earlier data (Persico et al 1993b). Age of onset of psycho-
stimulant use, opiate use and any drug use were analyzed
using one-way analysis of variance (ANOVA) and Stu-
dent’s ¢ tests. Results are reported as mean = SD and
statistical significance is set at p << .05.

Results

The DRD2 Tagl A, B, and D probes identified fragments
of the expected sizes (Grandy et al 1989; Hauge et al 1991;
Parsian et al 1991). PCR amplification of genomic DNA
also produced fragments with sizes corresponding to 3—10
copies of the 40 base repetitive element in the DAT1 3’
untranslated region, as previously described (Vandenbergh
et al 1992), with 450 of 454 alleles displaying either 9 or
10 copy VNTR polymorphisms. Both DRD2 RFLP and
DAT1 VNTR genotypes were assigned by two indepen-
dent investigators with 100% agreement.

Dopamine D2 receptor genotype data for polysubstance
user samples and for controls are reported in Table 3.
More of the psychostimulant-preferring polysubstance
users display either one or two copies of the Tagl Al and
B1 markers, as compared with control subjects, whereas
Tagl D2 markers show a non-significant trend in this
direction. Distributions of dopamine transporter (DAT)
VNTR alleles do not distinguish any substance user or
control sample in this study (Table 4a). Differences in
DAT allelic frequencies, however, are evident among
distinct racial and ethnic groups, as summarized in Table
4b (for alleles 9 and 10, x> = 175.07, 4 df, p < .0001).

Polysubstance user samples differ from control popula-
tions in age of onset of psychostimulant use (one-way
ANOVA: F = 5.43 [3 162], two-tail p = .0014), age of
onset of opiate use (F = 8.99 [3 159], p < .0001), and
ratio between age of first psychostimulant use and age of
first opiate use (F = 8.81 [3 158], p < .0001) (Table 2).
No differences in the age of onset for use of any drug was
found, however (F = 0.85 [3 158], p = .4667) (Table 2).
Psychostimulant-preferring and opiate-preferring drug us-
ers display earlier onset of psychostimulant (t = 2.96, 86
df, two-tail p = .004) and of opiate (t = 2.98, 83 df, p =
.004) use, respectively. These findings are reflected in a
statistically-significant difference in the age of onset ratio,
obtained by dividing the age of first psychostimulant use
by the age of first opiate use (t = 5.7, 82 df, p <
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Table 3. Dopamine D, Receptor Genotypes in Drug Users with Different Patterns of Drug Preference and Controls

Polysubstance Users

DRD2 Tagl Psychostimulant Opiate Heavy
Genotypes preference preference No preference polysubstance use Controls

Al/Al 2(3.2%) 2(5.0%) 2(4.3%) 0 4 (3.4%)
Al/A2 25 (40.3%) 10 (25.0%) 12 (25.5%) 13 (31.0%) 29 (24.3%)
A2/A2 35 (56.5%) 28 (70.0%) 33 (70.2%) 29 (69.0%) 86 (72.3%)
X 3.92 (1 df) 0.01 (1 df) 0.01 (1 df) 0.04 (1 df)

)4 0.024 0.471 0.471 0.422

B1/B1 1 (1.6%) 1(2.5%) 12.1%) 0 4(3.4%)
B1/B2 19 (30.6%) 9(22.5%) 9 (19.1%) 12 (28.6%) 19 (16.4%)
B2/B2 42 (67.8%) 30 (75.0%) 37 (78.8%) 30 (71.4%) 93 (80.2%)
X* 2.76 (1 df) 0.22 (1 df) 0.00 (1 df) 0.91 (1 df)

14 0.048 0.321 0.500 0.170

D1/D1 13 (24.5%) 15 (42.9%) 15 (38.5%) 16 (40.0%) 34 (33.7%)
D1/D2 32 (60.4%) 16 (45.7%) 17 (43.6%) 20 (50.0%) 45 (44.5%)
D2/D2 8 (15.1%) 4 (11.4%) 7 (17.9%) 4(10.0%) 22 (21.8%)
X 3.49 (2 dfH 2.08 (2 df) 0.39 (1 df) 2.67 (1 df)

)4 0.087 0.177 0.412 0.132

Each group of drug users and control sample genotypes are compared using one-tail x? tests; continuity correction is applied whenever df = 1.

.0001). No difference in this ratio is evident in non-
preferring users of both drugs or in heavy polysubstance
users (t = 0.27, 73 df, p = .79), although the latter display
significantly earlier onsets of opiate (t = 3.35, 73 df, p =
.001) and psychostimulant use (t = 2.64, 73 df, p = .01).

Discussion

This study addresses the hypothesis that DRD2 gene
variants marked by the Tagl Al, B1, and D2 polymor-
phisms may modulate a specific feature found in some

polysubstance abusers, preferential use of psychostimu-
lants over opiate drugs that may display less dopamine-
specific mechanisms of action. In order to test this
hypothesis, we have selected from a larger sample of
polysubstance abusers, individuals who have been ex-
posed to both psychostimulants and opiates, and have
become severely addicted to drugs in at least one of these
two categories. We have thus attempted to reduce the
impact of environmental factors, such as the availability of
abused substances in general, which may prevent a poly-
substance abuser from ever using certain drugs, regardless

Table 4. Distribution of Dopamine Transporter (DAT) VNTR Allele Frequencies in: (A) Drug Users with Different Patterns of
Drug Preference and Controls; (B) Distinct Racial and Ethnic Groups

Dopamine Transporter VNTR Alleles

A 3 5 6 7 8 9 10 11

Psychostimulant preference — — — — — 0.3333 (32) 0.6667 (64) —
(96 chr)

Opiate preference (64 chr) — — — — — 0.3438 (22) 0.6562 (42) —

No preference (78 chr) 0.0256 (2) — — — 0.0256 (2) 0.2821 (22) 0.6667 (52) —

Heavy polysubstance use — — — — — 02821 (22) 07179 (56) —
(78 chr)

Controls (142 chr) — — — — — 0.2817 (40)  0.7183 (102) —

B

Caucasian-Americans (810 0.0037 (3) 0.0025 (2) — 0.0037 (3) 0.0062(5) 0.2889(234) 0.6901(559) 0.0049 4)
chr)

African-Americans (164 0.0122 (2) 0.0122 (2) — 0.0183(3) 0.0305(5) 02195 (36) 0.7012(115)  0.0061 (1)
chr)

Italians (696 chr) — 0.0029(2) 0.0029 (2) 0.0029(2) 0.0014(1) 0.3520(245) 0.6322(440)  0.0057 (4)

Japanese® (214 chr) — — — 0.0093 (2) — 0.0421 (9) 09299 (199) 0.0187 4)

Chinese® (406 chr) — — — — 0.0099 (4) 0.0591 (24) 0.9088(369)  0.0222(9)

“From Sano et al 1993.
*From Li et al 1994.
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of a potentially predisposing genetic background. Using
these guidelines, summarized in Table 2, we have identi-
fied samples of: a) “psychostimulant-preferring” polysub-
stance users, who reported a history of daily, severe
psychostimulant abuse and less-frequent peak lifetime use
of opiate compounds; and b) “opiate-preferring” addicts,
who conversely reported prolonged daily use of opiates
and sporadic use of psychostimulants. We also identified
¢) a “no preference” group of individuals, with equally
severe use of both drugs, and d) a group of “heavy”
polysubstance abusers with a lifetime history of severe,
daily use of most or all drugs they had ever tried, including
psychostimulants and opiates. For each of these samples,
our data also allow appraisal of the relationship between
age-of-first-use of specific drugs and their preferential use
later in life.

Our results suggest that population variants in some
dopaminergic genes, but not in others, and environmental
factors that include age-of-first-contact with specific
drugs, may contribute to the development of differential
patterns of drug use by polysubstance abusers.

The specific association between preferential psycho-
stimulant use and the DRD2 Tagl Al and B1 markers
provides evidence that DRD2 allelic differences may play
detectable roles in conferring vulnerability to specific
patterns of drug use, rather than equally conferring general
vulnerability toward all addictions. The impact exerted by
DRD2 gene variants might thus be described as a “mod-
ifying” influence, with more significance in specific sub-
groups of patients. The magnitude of this effect, however,
is less profound than previously suggested by initial
findings in alcoholics (Blum et al 1990). Conceivably, it
could contribute most of the influences noted when mixed
populations of polysubstance abusers are examined (e.g.
Smith et al 1992). In the current sample, comparisons of
psychostimulant-preferring drug users display odds ratios
of 2.01 and 1.96 for DRD2 Al and B! markers, respec-
tively, when compared to controls. The effect sizes for the
association between psychostimulant preference and
DRD2 markers, calculated according to the method of
Cohen (1977), are 0.249 and 0.215, respectively. These
effect sizes are comparable to the greater prevalence of
substance abuse diagnoses found in individuals co-diag-
nosed with anxiety disorders (Regier et al 1990). Such
moderate but statistically significant contributions are
consistent with the complex polygenic mode of transmis-
sion and important environmental influences suggested by
classical genetic studies (Uhl et al 1995).

Data obtained here suggest that DRD?2 allelic variants
may modulate a specific feature of polysubstance abuse,
psychostimulant preference, rather than enhancing general
vulnerability to compulsive drug use. These observations
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fit well with neurobiological data suggesting that molec-
ular variants potentially implicated in mesolimbic/meso-
cortical dopaminergic function may indeed be more likely
to modulate psychostimulant, rather than opiate use. In
fact, lesions or pharmacological blockade of mesolimbic
dopaminergic terminals in the rat nucleus accumbens
selectively block psychostimulant, but not opiate self-
administration (Pettit et al 1984; Vaccarino et al 1985;
Pulvirenti et al 1992; for review see Kuhar et al 1991).

The DRD2 gene contains several polymorphic RFLPs,
including Tagql A, located approximately 10 kb 5’ of the
last exon, Tagl B, in the first intron near the junction with
exon 2, and Tagl D, found in intron 2 near the junction
with exon 3 (Grandy et al 1989; Hauge et al 1991; Parsian
et al 1991). Different variants or alleles of the DRD2 gene
may be present in the general population. In Caucasians,
the Tagl Al, B1, and, to a lesser extent, D2 RFLPs appear
to “mark” an allele of the DRD2 gene conferring vulner-
ability to preferential psychostimulant abuse in this study.
Conceivably, this allele may be characterized by the
presence of a putative mutation in linkage disequilibrium
with the RFLP markers employed in our study (Persico et
al 1993a). The stronger association found here with
markers located in flanking regions of the DRD2 gene, the
reported lack of mutations in exons of “Al-marked”
DRD?2 alleles (Gejman et al 1993), and the possible
decreased DRD2 B, reported with presence of the Al
marker in the absence of K, changes (Noble et al 1991),
each suggest that putative mutations located in 3’ or 5’
non-coding regions of the gene that were maintained in
linkage disequilibrium with the polymorphic markers used
here could plausibly influence DRD?2 transcription and/or
mRNA stability and thus affect DRD2 receptor number.
The lack of association with Tagl D2 also fits with
population genetic analyses demonstrating that, whereas
Taql A and B are in strong linkage disequilibrium with
each other, the Al 3’ flanking marker displays less
disequilibrium with Tagl D, whose weak association with
psychostimulant preference might have therefore been
anticipated (Persico et al 1993a; Suarez et al 1994),

Our data extend previous results, indicating that in
several studies DRD2 Tagl Al and B1 RFLPs were more
commonly found in groups of drug abusers that were often
selected on the basis of psychostimulant addiction (most
significant results reported by Smith et al 1992; Com-
mings et al 1993; Noble et al 1993, trend toward similar
effect reported by Gelernter et al 1993b). Indeed, if the
strength of the association between DRD2 and polysub-
stance abuse in different samples is in part dependent upon
their clinical composition, some of the sample-to-sample
variability noted in the literature would be anticipated.

Case-control association studies can potentially be un-
dermined by other confounding variables, such as stratifi-
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cation. Distinct racial and ethnic groups display significant
differences in DRD?2 allelic distributions (Barr and Kidd
1993; Gelernter et al 1993a; Goldman et al 1993; O’Hara
et al 1993). Spurious false-positive or false-negative re-
sults may therefore derive from unequal racial and ethnic
composition of the affected and control samples. To
reduce possible contributions of stratification bias, we
selected only Americans of largely European descent,
because African-Americans differ significantly from Cau-
casian-Americans in allelic and genotype frequencies, as
well as in haplotype frequencies and linkage disequilib-
rium at this locus (O’Hara et al 1993, Persico et al 1993a;
Goldman et al 1993). We then excluded subjects reporting
significant Hispanic or American Indian origin, because
allelic and genotype frequencies in these groups have also
been described as differing significantly from those found
in Caucasians (Barr and Kidd 1993; Gelernter et al 1993a;
Goldman et al 1993). No strong evidence for significant
differences between American-Caucasians of distinct Eu-
ropean origin at this locus currently exists, to our knowl-
edge. Further, markers at two other gene loci that may
exhibit such stratification fail to display associations with
substance abuse vulnerability. Although preliminary as-
sessments suggest that marker frequencies at the vesicular
transporter locus (Surratt et al 1993) in Caucasian-Amer-
icans originating from different European countries show
substantial heterogeneity, no association with substance
abuse is evident. VNTR polymorphisms at the dopamine
transporter (DAT1) gene locus differ significantly even
between individuals belonging to distinct Caucasian ethnic
groups (Table 4b). For alleles 9 and 10, Caucasian-
Americans differ from Italians, (x* = 6.29, 1 df with
Yates’ correction, p < 0.05). Yet, this DAT1 gene marker
shows no association with polysubstance abuse (Persico et
al 1993b) or with preferential use of psychostimulants
(present study). These results fail to provide evidence that
stratification totally explains the observed association that
we describe at the DRD?2 locus.

In disorders with multiple genetic and environmental
influences, single genes may be expected to exert modest
impacts on diagnosis. Detection of single-gene contribu-
tions in polygenic disorders may therefore require assess-
ments performed in patient subgroups, defined through
hypothesis-driven selection criteria, and thresholds for
statistical significance that do not discard small to moder-
ate effect sizes. Sole attention, in such circumstances, to
avoiding false-positive findings may substantially increase
the risk of accepting false-negative results. The hypothe-
sis-driven approach that we have adopted here suggested
the single primary statistical comparison between psycho-
stimulant-preferring drug users and controls that was
employed in this work. The validity of this comparison
appears to have been confirmed by the results of additional
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secondary comparisons among different subgroups of drug
users and controls. However these results, as those of any
single study, should be interpreted with caution as a body
of work derived from independent clinical samples and
well-chosen controls is completed. Other approaches, such
as haplotype relative risk (Falk and Rubinstein 1987;
Knapp et al 1993) and intrafamilial association (George
and Elston 1987; Swift et al 1990; Hodge 1993) can
complement the current approach, and provide additional
controls for stratification. Limitations of haplotype relative
risk, including unreliability in “control” gene marker
frequencies in the presence of assortative mating or
reduced reproductive rates and the power limitations that
may make sample-size adjustments and precise targeting
of clinical subpopulations even more critical than in
classical case-control studies, should also be kept in mind
(Knapp et al 1993).

Earlier onset of use of the opiate or psychostimulant
drug preferentially used later in life by the same individual
is evident from our data. Interestingly, age of first use of
“any drugs”, namely alcohol, tobacco or marijuana, dis-
plays no correlation with the extent of later polysubstance
abuse. Early concomitant exposure to both psychostimu-
lants and opiates occurs in most individuals destined to
become heavy polysubstance users. Differences in drug
availability are unlikely to be sufficiently widespread
and/or to persist long enough to account entirely for these
findings. Conceivably, craving-inducing stimuli might
precipitate use of drugs which have previously “primed”
the individual.

The specificity of the association between the DRD2
Tagl A1 RFLP and preferential psychostimulant use, the
lack of similar association with DAT1 VNTR markers,
and the compelling evidence for prominent interactions
between psychostimulants and brain dopamine systems,
all argue that dopamine D, receptor gene variants marked
by specific polymorphisms may play a role in interindi-
vidual differences in vulnerability to psychostimulant
abuse. These data also underscore the critical importance
of phenotype definition in case-control studies of genetic
influences on likely-polygenic neuropsychiatric disorders
with large environmental influences.
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