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Dopamine Transporter Gene Polymorphisms Are Not 
Associated with Polysubstance Abuse 

Antonio M. Persico, David J. Vandenbergh, Stevens S. Smith, and George R. Uhl 

Introduction 
Susceptibility to drug and alcohol abuse is presently thought to 
arise from a combination of biological, psychological, and social 
factors. Genetic contributions to substance use, abuse, and de- 
pendence are supported by family, twin, and adoption studies 
(Pedersen 1984; Cadoret et al 1987; Luthar et al 1992). 

Most substances that are abused by humans can enhance do- 
pamine activity in mesolimbic/mesocortieal circuits important for 
behavioral reward and reinforcement (Di Chiara and lmperato 
1988). Such neurobiological findings have stimulated interest in 
the possibility that interindividual differences in the structure or 
expression of genes of dopaminergic neurotransmission could 
contribute to individual differences in vulnerability to substance 
abuse. Interest is also spurred by evidence that variation at the 
dopamine D2 receptor gene may help to determine such vulner- 
ability (Blum et al 1990; Uhl et al 1992; Smith et al 1992). 
Although the effect of a single gene is unlikely to account for 
the entire genetic contribution to substance abuse vulnerability, 
these results lend credence to searches for possible involvement 
of other dopaminergic genes. 

The dopamine transporter (DATI) gene encodes a dopamine- 
ceU-specific protein that is the direct target of cocaine action 
(Ritz et al 1987). DATI is thus a candidate gene for involvement 
in substance abuse vulnerability. We have recently cloned human 
DATI complementary DNAs, and identified a 5' polymorphic 
restriction fragment length polymorphism (RFLP) (Vandenbergh 
et al 1992a) and a 3' variable number tandem repeat (VNTR) 
marker for the human DATI gene locus (Vandenbergh et al 
1992b). These advances now allow study of possible allelic as- 
sociation of these human DATI gene markers with substance 
abuse. 

Materials and Methods 
A total of 234 subjects from the National Institute on Drug Abuse 
Addiction Research Center, an adjacent bemodialysis unit, and 
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an adjacent public health facility studying HIV infections vol- 
unteered for this study under informed consent and confidentiality 
provisions. Subjects completed the Drug Use Survey interview, 
which quantifies the amount, frequency, and/or dollar cost at the 
time of lifetime peak use for each addictive substance, and/or 
the Diagnostic Interview Schedule (DIS-Ill-R) as described (Smith 
et al 1992). 

Blood was obtained, DNA extracted as described (Smith et 
al 1992), and Taql RFLP and VNTR analyses performed as 
described (Vandenbergh et al 1992a, Vandenbergh et al 1992b). 
Dopamine D2 receptor Taqi RFLP status for these same indi- 
viduals was extracted from data described for a larger number 
of volunteers by Smith et al (1992). 

The ASSOCIATE program (Ott 1991) was used to assess 
Hardy-Weinberg equilibrium, to quantitate linkage disequili- 
brium between the RFLP and VNTR markers, and to estimate 
haplotype frequencies. X 2 tests with Yates' continuity corrections 
were used to test hypotheses of association between presence of 
an RFLP or a VNTR and either (I) moderate to heavy substance 
use assessed by the Drug Use Survey or (2) DSM-III-R lifetime 
diagnoses of either alcohol or drug abuse or dependence, as 
assessed by the DIS-III-R. 

Results 
"Taq 492" reliably detects a diallelic pattern in Southern analyses 
of DNA fragments containing DATI genomic sequences from 
different individuals (Vandenbergh et ai 1992a); polymerase chain 
reaction amplification of genomic DNA also produced fragments 
with sizes corresponding to three to I 1 copies of the 40-base 
repetitive element in the DATI 3' untranslated region as pre- 
viously described (Vandenbergh et al 1992b). The frequencies 
of the Taql Ai and A2 fragments obtained here, 0.22 and 0.78 
respectively, agree well with frequencies of 0.26 and 0.74 pre- 
viously obtained in Caucasian population samples (Vandenbergh 
et al 1992a). The number and distribution of VNTR fragments 
also agree with prior results, with 9 and 10 copy fragment fre- 
quencies of 0.27 and 0.71 compared to 0.24 and 0.70 found by 
Vandenbergh et al (1992b); other copy number variants were 
found at much lower frequencies. The maximum likelihood es- 
timates of haplotype frequencies display no significant departure 
from Hardy-Weinberg equilibrium and, in accordance with prior 
data (VandenLergh et al 1992a), there was no evidence for link- 
age disequilibrium between the 5' Taql A RFLP and the 3' VNTR 
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Table 1. Dopamine Transporter Gone Markers in 
Polysubstance Abusers and Controls ~ 

Drug users 

Controls Total  DSM-III-R DUS 

Taql RFLP b 
AI/Ai 2.0 (I) 3.3 (4) 3.4 (2) 3.2 (2) 
ALIA2 43.1 (22) 36.7 (44) 36.2 (21) 37.1 (23) 
A2tA2 54.9 (28) 60.0 (72) 60.3 (35) 59.7 (37) 

VNTR ~ 
9/9 6.3 (3) 7.1 (13) 9.5 (8) 5.1 (5) 
9/10 43.8 121) 42.6 (78) 44.0 (37) 41.4 (41) 

10110 50.0 (24) 50.3 (92) 46.4 (39) 53.5 (53) 

Values are percent (number). 
"DUS. Drug Use Survey: RFLP. i~striction fragment length polyntorphism; 

VNTR, variable number tandem repeat, 
~Fifiy-one ~ontrols and 120 drug users. 
'Forty-eight controls and 183 drug users. 

9 and 10 copy markers (DAIJjo = 0.0176: X" = 0.82, df : I, 
p = 0.36; DAHo/Dma~ = 9.8%). 

Neither VNTR nor RFLP marker frequencies were different 
between substance abusers and controls (X 2 = 0.02 and 0.32 
respectively, df = 2, No trend toward association was evident 
in comparisons of subjects clinically characterized with either 
substantial peak lifetime substance r~e (~2 = 0.04 and 020  
respectively, df = 2) or with lifetime DSM-III-R substance abuse 
or dependence diagnoses (X 2 = 0.13 and 0.25, df = 2) when 
compared to control individuals with minimal lifetime substance 
use (Table I). 

Discussion 
This work tests the hypothesis that individual differences in sub- 
stance abuse may, in part, be due ~o different alleles of the DAT I 
gene, This hypothesis arises from robust evidence for interactions 

between abused drugs and brain dopamine systems. Furthermore, 
psychiatric genetic work using classic methods suggests that sub- 
stance use, abuse, and dependence may show significant genetic 
determinants (Pedersen 1984; Cadoret et al 1987; Luthar et al 
1992). 

The polymorphic markers employed in this association anal- 
ysis and the associated genomic segments of the DATI gene do 
not appear to provide major genetic determinants for polysubst- 
ance abuse vulnerability in our sample. Though our results ex- 
clude the involvement of these parts of the DATI locus, the lack 
of linkage disequilibrium between these 5' RFLP and 3' VNTR 
markers implies that significant areas of the gene could con- 
ceivably contribute to polydrug addiction vulnerability but escape 
detection with the markers employed here. Additional markers 
could exclude additional regions of the gene with enhanced con- 
fidence. 

We have previously reported data concerning Taql A I and 
B I markers of the dopamine D,~ receptor gene in each of the 
control individuals and in each of the substance abusers described 
in tb!s report; the dopamine D2 receptor data also reflect genotype 
determinations in approximately 50 additional substance abusers 
and five control individuals not studied in the current doparnine 
transporter sample (Smith et al 1992). Analyses of the dopamin¢ 
D: receptor Taql AI and BI ailelic frequency data from the 
subset of individuals also genotyped for DAT markers reveals 
significant dopamine D2 receptor marker frequency differences 
between control and substance abusers not found for the dopa- 
mine transporter polymorphisms (0.23 and 0,18 for drug users 
and 0.13 and 0.09 for controls; X 2 = 4.79, df = 2, p < 0,05; 
X: = 3.18, df = I, p < 0,05, respectively~ Thus, although the 
dopamine D: receptor polymorphism associations in substance 
abuse remain controversial, and current data concerning dopa- 
mine transporter associations are negative, population variants 
in specific dopaminergic genes could still conceivably contribute 
to individual differences in susceptibility to substance abuse (Uhl 
et al 1992, Uhl et al 1993, Gelernter et al 1993). 
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