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Association of alleles at the Taql A, Taql B, intron 6, Taql D, exon 7, exon 8, and promoter-141C
sites of the D2 dopamine receptor gene with D2 dopamine receptor binding characteristics in the
caudate nucleus of Caucasian alcoholic and nonalcoholic subjects was determined. For the Taql
D, exon 7, exon 8, and promoter-141C sites there were no significant allelic differences in Bmax
(number of binding sites) or Kd (binding affinity) of the D2 dopamine receptors. However, sub-
jects having the minor alleles at the Taql A, Taql B, and intron 6 sites had significantly lower
Bmax than subjects not having them. None of these three polymorphisms had any significant
effect on Kd. Highly significant linkage disequilibria were observed among the Taql A, Taql B,
and intron 6 polymorphic sites, but linkage disequilibria between these three sites and each of
the Taql D, exon 7, exon 8, and promoter-141C sites were of lesser or of no significance. Taken
together, these findings suggest that the Taql A, Taql B, and intron 6 polymorphisms, but not the
Taql D, exon 7, exon 8, and promoter-141C polymorphisms, are in linkage disequilibrium with
a functional allelic variant that affects D2 dopamine receptor expression.
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attempted to replicate this population-based study, with
many affirming this finding (4–12) while others have
not (13–20). However, at least eight independent meta-
analyses of non-Hispanic Caucasians have demon-
strated this association to be significant (9,21–27).
Another meta-analysis (28) did not find a significant
association; however, see Noble and Blum (29). In -
addition to alcoholism, the DRD2 A1 allele has been
associated with a variety of other substance use dis-
orders. These include polysubstance abuse (30–32),
cocaine dependence (33), psychostimulant abuse (34),
nicotine dependence (35–37), opioid dependence (38),
and obesity (39–42). Two other DRD2 gene polymor-
phisms have also been shown to associate with alco-
holism: a polymorphism in the intron 6 region (43) and
the Taql B polymorphism (43,44).

A neural correlate of functional significance to the
DRD2 allelic association with alcoholism and other

INTRODUCTION

Emerging evidence suggests that the mesolimbic
dopaminergic pathway, through the D2 dopamine re-
ceptors, is a key neural substrate for alcohol- and other
drug-related reinforcement and reward behavior (1,2).
We initially demonstrated an association of the minor
Taql A allele (A1) of the D2 dopamine receptor (DRD2)
gene with severe alcoholism (3). Since that study, a
large number of national and international studies have



substance abuse was shown in an early pharmacologi-
cal study (45). In that study, D2 dopamine receptor
binding characteristics were measured in the caudate
nucleus of deceased alcoholic and nonalcoholic sub-
jects. The results showed a significant reduction (,30%)
in the number of D2 dopamine receptor binding sites
(Bmax) in both alcoholic and nonalcoholic subjects
carrying the DRD2 Taql A1 allele compared to subjects
who did not carry this allele. However, no allelic dif-
ference was found in D2 dopamine receptor binding
affinity (Kd). Subsequent investigations using autora-
diography (46) and positron emission tomography
(47,48) further demonstrated differences in D2 dopa-
mine receptor density involving the Taql A, the Taql B,
and the promoter-141C polymorphisms. Although these
investigations suggest polymorphism-related alterations
in D2 dopamine receptor number, the precise mecha-
nism by which these mutations of the DRD2 gene affect
receptor expression is currently not known.

The current study extends our original study (45)
by examining the relationships of various DRD2 poly-
morphisms to D2 dopamine receptor binding parame-
ters in the brains of deceased human subjects. The
DRD2 gene polymorphic sites of interest include the
following sites: Taql A (located 10 kb 39 to the final
exon), intron 6, Taql B (bordering the 59 side of the sec-
ond exon), Taql D (in intron 2), exon 7, exon 8 (52 base
pairs [bp] downstream of the stop codon), and the pro-
moter-141C region (located in the 59 end of the gene).

EXPERIMENTAL PROCEDURE

Materials. Oligonucleotide primers were custom synthesized
by Gibco BRL (Grand Island, NY, USA). TaqDNA polymerase was
purchased from Gibco BRL (Grand Island, NY, USA). Restriction
endonucleases were purchased from New England BioLabs (Bev-
erly, MA, USA). 3H-spiperone (32.4 Ci/mM) was purchased from
NEN Life Science Products, Inc. (Boston, MA, USA). S-(2) sulpiride
was purchased from Sigma (St. Louis, MO, USA).

Brain Samples.Samples consisted of brain tissue from 20 alco-
holic and 21 nonalcoholic subjects obtained from the National Neu-
rological Research Bank at the Wadsworth Veterans Affairs Medical
Center, Los Angeles, CA. The frontal gray cortex and caudate nu-
cleus of each subject were removed from the brain at autopsy by a
neuropathologist and immediately frozen at 270°C until used. The
brains analyzed were the Caucasian non-Hispanic subset of those
previously studied (45). The experimental protocols were approved
by the UCLA institutional review committee.

DRD2 Allelic Determinations.Genomic DNA was extracted
from frozen frontal gray cortex samples by standard procedures and
subsequently used as a template for PCR (49).

The oligonucleotide primers and the method for determining the
Taql A DRD2 alleles have been previously described (40,50). Two
alleles were obtained: the A1 allele (the uncleaved 310 bp fragment)
and the A2 allele (the cleaved 180 bp and 130 bp fragments).

The oligonucleotide primers and the method for determining
the Taql B DRD2 alleles as described by Castiglione et al. (51)
were utilized. Two alleles were obtained: the B1 allele (the uncleaved
459 bp fragment) and the B2 allele (the cleaved 267 bp and 192 bp
fragments).

The oligonucleotide primers and the method for simultaneously
determining the intron 6 and exon 7 DRD2 alleles were those de-
scribed by Sarkar et al. (52) as modified by Comings et al. (39). For
the intron 6 polymorphism, two alleles were found: the INT6-G al-
lele (a T → G substitution, the uncleaved 339 bp fragment) and the
INT6-T allele (a G → T substitution, the cleaved 305 bp and 34 bp
fragments). Two alleles were also found for the exon 7 polymorphic
site: the EX7-C allele (a T → C substitution, the uncleaved 339 bp
fragment) and the EX7-T allele (a C → T substitution, the cleaved
234 bp and 105 bp fragments).

The oligonucleotide primers and the method for determining
the Taql D alleles were those described by Kidd et al. (53). Two al-
leles were found: the D1 allele (uncleaved 419 bp fragment) and the
D2 allele (the cleaved 272 bp and 147 bp fragments).

The oligonucleotide primers and the method for determining the
-141C deletion/insertion alleles in the promoter region of the DRD2
gene were those described by Arinami et al. (54). Two alleles were
obtained: the insertion (Ins) allele (a cytosine insertion producing the
uncleaved 304 bp fragment) and the deletion (Del) allele (a cytosine
deletion producing the cleaved 160 bp and 144 bp fragments).

The oligonucleotide primers and procedure for determining the
exon 8 alleles were those described by Samochoweic et al. (55) Two
alleles were found: the EX8-G allele (an A → G substitution pro-
ducing two fragments of 283 and 65 bp) and the EX8-A allele (a G
→ A substitution producing an uncleaved fragment of 348 bp).

Figure 1 shows the polymorphic sites of the DRD2 gene stud-
ied herein.

D2 Dopamine Receptor Binding Assay.Caudate nuclei samples
were ground to a fine powder in liquid nitrogen using a mortar and
pestle and stored at 270°C. From this fine powder, aliquots were
used for assays at different times. The samples were never allowed
to thaw at any time before usage in any assay. Cell membrane sus-
pensions from the samples were prepared, and D2 dopamine recep-
tor binding characteristics were determined as previously described
(45). Saturation binding curves were obtained using 12 duplicate
increasing concentrations (10–1000 pmol/L) of 3H-spiperone (32.4
Ci/mM). Nonsaturable binding was measured by addition of S-(2)
sulpiride to a final concentration of 10 mM/L. Protein content was
also determined using bovine serum albumin as standard (56). The
maximum number of binding sites (Bmax) and equilibrium binding
constant (Kd) were estimated using the weighted, nonlinear, least
squares, curve-fitting program LIGAND (57). Data were fit for both
one-site and two-site models. Two-site models were accepted only
if a statistically significant improvement was obtained over the one-
site model.

Statistical Analysis.When specific alleles from two polymor-
phic loci in a defined population are highly associated with each
other, they are said to be in linkage disequilibrium. In this study,
pair-wise composite genotypic linkage disequilibria for each pair of
the polymorphic loci were analyzed with the LD86 program (58).
LD86, based on equations described by Weir and Cockerham (59),
calculates disequilibrium coefficients at two bi-allelic loci (x and y)
when double heterozygotes cannot be distinguished. Utilizing this
program, the linkage disequilibria (Dxy) and chi square statistics
were determined for each pair of DRD2 polymorphic loci.

The frequency distributions for Bmax and Kd were examined to
determine normality. The Kd distribution was found to have skew-
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ness and kurtosis values outside the limits of 61, and values were
reexpressed as a log transformation. The Bmax distribution was
found to be within acceptable limits for skewness and kurtosis.

Correlations were estimated by regression analysis for Bmax
with age and log Kd with age. No correlation was observed between
log Kd and age. However, for Bmax, linear correlation was found
with age (r 5 20.297, P 5 .0199). Age was therefore used as a co-
variate to remove its effects from the measures of Bmax. No corre-
lations were observed between Bmax or log Kd and autolysis time.

Because the brain samples used in this study were obtained
from both alcoholic and nonalcoholic subjects, mean differences
between groups were tested using two-factor analysis of covari-
ance (ANCOVA) to determine the statistical significance of the
main effects of allele and alcoholism, as well as the interaction
between alleles and alcoholism.

For all statistical analyses, P values 5 .05 were considered sta-
tistically significant. Where appropriate, a more conservative level
of significance, using Bonferroni correction for multiple (n) testing
[P (corrected) 5 P (uncorrected) 3 n], was applied.

RESULTS

The Taql A polymorphism had a genotypic distri-
bution of 1 A1/A1, 16 A1/A2 and 24 A2/A2 subjects.
The genotypic distribution for the Taql B polymor-
phism was 1 B1/B1, 12 B1/B2, and 28 B2/B2 subjects.
For the intron 6 polymorphism the genotypic distribu-
tion was 1 INT6-T/INT6-T, 14 INT6-G/INT6-T, and
26 INT6-G/INT6-G subjects. The promoter-141C had
a genotypic distribution of 1 Del/Del, 11 Ins/Del, and
29 Ins/Ins subjects. For the exon 7 polymorphism the
genotypic distribution consisted of 2 EX7-T/EX7-T,
20 EX7-C/EX7-T, and 19 EX7-C/EX7-C subjects. The
exon 8 polymorphism had a genotypic distribution of
3 EX8-G/EX8-G, 20 EX8-A/EX8-G, and 18 EX8-
A/Ex8-A subjects. Because for each of these six poly-
morphic loci only a very small number of subjects
were homozygous for the minor allele, subjects ho-
mozygous and heterozygous for the minor allele were,
as in previous studies (10,38,45), combined and com-
pared with subjects homozygous for the major allele.
These polymorphic loci in the DRD2 gene were thus
classified and assessed as follows: Taql A (A11

[A1/A1 and A1/A2 genotypes] versus A12 [A2/A2

genotype]), Taql B (B11 [B1/B1 and B1/B2 genotypes]
versus B12 [B2/B2 genotype]), intron 6 (INT6-T1

[INT6-T/INT6-T and INT6-G/INT6-T genotypes] ver-
sus INT6-T2 [INT6-G/INT6-G genotype]), promoter-
141C (Del1 [Del/Del and Ins/Del genotypes] versus
Del2 [Ins/Ins genotype]), exon 7 (EX7-T1 [EX7-
T/EX7-T and EX7-C/EX7-T genotypes] versus EX7-
T2 [EX7-C/EX7-C genotype]), and exon 8 (EX8-G1

[EX8-G/EX8-G and EX8-A/EX8-G genotypes] versus
EX8-G2 [Ex8-A/EX8-A genotype]).

For the Taql D polymorphism the genotypic dis-
tribution consisted of 14 D1/D1, 19 D1/D2, and 8 D2/
D2 subjects. The age-adjusted Bmax values 6 SEM
for these three genotypes were 78.8 6 8.8, 65.2 6 7.9,
and 63.9 6 11.7 fmol/mg protein, respectively. The
log Kd values 6 SEM for these three genotypes were
1.88 6 0.04, 1.94 6 0.06, and 1.94 6 0.06, respec-
tively. Because both the mean log Kd and mean Bmax
values for subjects homozygous and heterozygous
for the minor D2 allele were virtually identical, these
subjects were combined and compared with subjects
homozygous for the D1 allele. The Taql D polymor-
phism was thus classified and assessed as follows: D21

[D2/D2 and D1/D2 genotypes] versus D22 [D1/D1
genotype].

Analysis of saturation curves, using 3H-spiperone
as the binding ligand and S-(2) sulpiride to measure
nonsaturable binding, revealed a single-site binding
model for each of the 41 caudate nuclei studied. Table I
shows the log Kd and age-adjusted Bmax values in
caudate nuclei for the allelic groups of the seven poly-
morphic loci of the DRD2 gene examined in this inves-
tigation. The ranges of Kd and Bmax value estimates
shown in Table I were consistent with reported results
of D2 dopamine receptor binding characteristics in
human caudate nucleus tissue (60–62).

No consistent significant differences were ob-
served between alcoholic and nonalcoholic subjects for
the log Kd and age-adjusted Bmax binding parameters
using two-factor ANCOVA to determine the main
effects of allele and alcoholism for the seven DRD2
polymorphic loci studied (data not shown). In addition,
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Fig. 1. D2 dopamine receptor gene polymorphic sites. Solid boxes represent the exons of the D2 dopamine receptor gene; the horizontal line
represents the introns and flanking regions. The seven polymorphic sites studied are shown by arrows.



no significant interactions were observed between the
main effects of allele and alcoholism for any of the
seven DRD2 polymorphic loci studied.

There was a significant gene effect with the age-
adjusted mean Bmax of the Taql A alleles with the A12

allelic group being significantly higher than the A11

allelic group (see Table I). Similar results were found

with the Taql B alleles with the mean for the B12 al-
lelic group being significantly higher than for the B11

allelic group. The age-adjusted mean Bmax for the
intron 6 INT6-T2 allelic group was also similarly sig-
nificantly higher than the mean for the INT6-T1 allelic
group. However, there were no significant differences
in mean log Kd between the Taql A, intron 6, or the
Taql B allelic groups (see Table I).

For the -141C polymorphic locus of the DRD2
promoter region, no significant differences were found
between the Del1 and Del2 alleles for age-adjusted
mean Bmax values and log transformed mean Kd val-
ues as shown in Table I. No significant differences
were observed between the Taql D D21 and D22 alle-
les for either age-adjusted mean Bmax values or log
transformed mean Kd values (see Table I). Likewise,
there were no significant differences between the exon
7 EX7-T1 and EX7-T2 alleles for age-adjusted Bmax
and log Kd values. Finally, no significant differences
were found for age-adjusted Bmax and log Kd values
between the EX8-G1 and EX8-G2 exon 8 alleles (see
Table I).

Table II shows the composite genotypic disequi-
libria for each pair of DRD2 allelic sites. For each pair,
bi-allelic coefficients (Dxy) and chi square values
were obtained. The results showed a pattern of sig-
nificant and nonsignificant coefficients depending on
which sites were compared. The strongest linkage
disequilibria were between 39-untranslated/intron, in-
tron/intron, and exon/exon sites (Taql A and Taql B,
Taql A and intron 6, Taql B and intron 6, and exon 7
and exon 8 sites). Each of these four biallelic assess-
ments had P-values less than 1027. These four assess-
ments remained statistically highly significant (P ,
1025) after Bonferroni correction for multiple testing.

Linkage disequilibrium coefficients at a second
intermediate level of statistical significance (1025 , P
, 1023) were observed with pairings of the intronic
Taql D site with most of the other DRD2 polymorphic
sites (Taql B, intron 6, exon 7, and exon 8 sites). These
comparisons also remained statistically significant
after Bonferroni correction for multiple testing. The
linkage disequilibria between the Taql A and Taql D,
Taql A and exon 8, Taql B and promoter-141C, intron
6 and promoter-141C and between promoter-141C and
Taql D sites were also significant, but lost significance
when Bonferroni corrected. No linkage disequilibria
of statistical significance were observed between the
Taql A and promoter-141C, Taql A and exon 7, Taql
B and exon 7, Taql B and exon 8, intron 6 and exon 7,
intron 6 and exon 8, promoter-141C and exon 7, and
promoter-141C and exon 8 sites.
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Table I. D2 Dopamine Receptor Binding Characteristics
For DRD2 Polymorphic Sitesa

A11 A12

Taql A Alleles (n 5 17) (n 5 24) P-value

Log Kd 1.84 6 0.05 1.95 6 0.04 ns
Bmax (age adjusted) 49.2 6 8.2 83.4 6 6.4 0.002

B11 B12

Taql B Alleles (n 5 13) (n 5 28) P-value

Log Kd 1.84 6 0.06 1.93 6 0.04 ns
Bmax (age adjusted) 48.6 6 10.0 75.5 6 6.0 0.033

INT6-T1 INT6-T2

Intron 6 Alleles (n 5 15) (n 5 26) P-value

Log Kd 1.87 6 0.05 1.92 6 0.04 ns
Bmax (age adjusted) 52.2 6 8.9 76.8 6 6.3 0.031

Del1 Del2

Promoter-141C Alleles (n 5 12) (n 5 29) P-value

Log Kd 1.95 6 0.05 1.91 6 0.04 ns
Bmax (age adjusted) 70.0 6 9.6 70.7 6 6.0 ns

D21 D22

Taql D Alleles (n 5 27) (n 5 14) P-value

Log Kd 1.93 6 0.05 1.89 6 0.05 ns
Bmax (age adjusted) 64.7 6 6.1 78.9 6 8.6 ns

EX7-T1 EX7-T2

Exon 7 Alleles (n 5 22) (n 5 19) P-value

Log Kd 1.97 6 0.04 1.86 6 0.04 ns
Bmax (age adjusted) 70.5 6 7.1 68.6 6 7.6 ns

EX8-G1 EX8-G2

Exon 8 Alleles (n 5 23) (n 5 18) P-value

Log Kd 1.96 6 0.04 1.86 6 0.04 ns
Bmax (age adjusted) 68.9 6 7.0 70.5 6 8.0 ns

a The classification and assessment of the DRD2 polymorphic sites
are described in the Results section. For each polymorphic site,
mean differences in Kd and Bmax binding parameters between
groups were determined using two-factor ANCOVA to determine
the main effects of allele and alcoholism. Only the main effect of
allele is listed above. Values are presented as the mean 6 SEM.
Units for Kd are pmol/L. Units for Bmax are fmol/mg of protein.
ns 5 not significant.



DISCUSSION

In our initial investigation (45) on D2 dopamine
receptor binding in the caudate nucleus from deceased
subjects of both Caucasian and African-American race,
we observed significantly lower bInding (Bmax) in sub-
jectscarrying the A11 allele (A1/A1 and A1/A2 geno-
types) of the Taql A polymorphism than those having
the A12 allele (A2/A2 genotype). Thus, in the current
study, it is not surprising that binding characteristics
of the D2 dopamine receptors in the caudate nucleus of
a subset of subjects from our initial study consisting of
41 deceased Caucasian subjects revealed that those
carrying the A11 allele had significantly and more
than 40% fewer receptors than those who had the A12

allele. However, we have extended the results of the
first investigation by ascertaining D2 dopamine recep-
tor binding characteristics of alleles of six other DRD2
polymorphisms. Two of these polymorphisms, the Taql
B and the intron 6, showed allelic Bmax values very
similar to those shown by the Taql A alleles. The Bmax
of subjects with the B11 allele was significantly and
more than 35% lower than the Bmax of subjects with
the B12 allele. Furthermore, subjects with the INT6-T1

allele had significantly and more than 30% fewer D2
dopamine receptors than those with the INT6-T2 al-
lele. It should be noted that for each of these three
DRD2 polymorphisms, it is the minor allelic variant
that shows significantly reduced D2 dopamine recep-
tor density. However, no differences were observed in
D2 dopamine receptor binding affinity (Kd) between
the allelic groups for each of these three polymorphisms,
an observation also found in our initial binding study
with the Taql A alleles (45).

There have been several other investigations re-
garding the effects of the above polymorphisms on D2
dopamine receptor binding properties that further sub-
stantiate the results of the present study. Thompson
et al. (46), in the United Kingdom, measured the bind-
ing of the specific D2 dopamine receptor ligand 3H-
raclopride to brain samples by autoradiography. They
found a significant 30–40% reduction in receptor den-
sity in the striatum of individuals with the Taql A A11

allele compared with those with the A12 allele. In
addition, a Finnish study (47) using 3H-raclopride and
positron emission tomography (PET) found a signifi-
cant reduction in D2 dopamine receptor availability,
reflecting a decrease in receptor density, in healthy
A11 volunteers compared with A12 allelic subjects.
However, there was no difference in apparent Kd
between the two groups. Furthermore, Jönsson et al.
(48), also using PET with 3H-raclopride in healthy
Swedish subjects, found the presence of both the Taql
A A11 allele and the Taql B B11 allele was associated
with measures of low D2 dopamine receptor density.
The results of our current study, along with those men-
tioned above, however, are at variance with a study
using single positron emission computerized tomog-
raphy (SPECT) with 123I-IBZM where no association
was found between either Taql A or Taql B allelic
status and D2 dopamine receptor density (63). One
possible explanation that has been given for this dis-
crepancy (48) concerns the different methodology
used wherein the relatively low resolution of SPECT
coupled with the weaker signal of 123I-IBZM results in
lower resolution and reduced reliability in comparison
with the two PET studies. Moreover, an editorial (64)
indicates that Laruelle et al. (63) combined the results
of both schizophrenics and controls. Because schizo-
phrenics showed a trend in the opposite direction than
controls, the results on D2 dopamine receptor binding
potential and allelic association may have been con-
founded in these subjects by prior neuroleptic treat-
ment. Indeed, a recent report (65) did find increased
D2 dopamine receptor binding in schizophrenics after
treatment with antipsychotics.
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Table II. Composite Genotypic Disequilibria at DRD2
Polymorphic Sites

Sites Dxya x2 p

Taql A and intron 6 0.122 28.7 8.68 3 1028b

Taql A and Taql B 0.120 29.3 6.24 3 1028b

Taql A and promoter-141C 0.040 3.38 0.066
Taql A and Taql D 20.081 7.06 0.008
Taql A and exon 7 0.043 3.04 0.081
Taql A and exon 8 0.054 4.26 0.039
Taql B and intron 6 0.129 34.5 4.36 3 1029b

Taql B and promoter-141C 0.043 4.26 0.039
Taql B and Taql D 20.110 14.17 1.67 3 1024b

Taql B and exon 7 0.027 1.26 0.262
Taql B and exon 8 0.035 1.95 0.163
Intron 6 and promoter-141C 0.048 4.94 0.026
Intron 6 and Taql D 20.102 11.49 7.00 3 1024b

Intron 6 and exon 7 0.029 1.27 0.260
Intron 6 and exon 8 0.038 2.23 0.135
Promoter-141C and Taql D 20.072 6.22 0.013
Promoter-141C and exon 7 20.029 1.54 0.215
Promoter-141C and exon 8 20.021 1.50 0.221
Taql D and exon 7 20.128 15.38 8.79 3 1025b

Taql D and exon 8 0.120 12.03 5.24 3 1024b

Exon 7 and exon 8 0.168 35.98 2.00 3 1029b

a Dxy represents pairwise linkage disequilibria analyzed according
to the procedure of Weir (1996).

b Significant difference (P , .05) remains after Bonferroni correc-
tion for multiple (21) testing.



The D2 dopamine receptor binding characteristics
associated with the alleles of the promoter-141C, exon
7, exon 8, and the Taql D polymorphisms in the
current study were found to differ from those with the
alleles of the Taql A, Taql B, and intron 6 polymor-
phisms. No significant allelic differences for any of
these four polymorphisms were observed for either the
Bmax or the Kd. For the promoter-141C site, this
observation is substantiated by a PET study using 3H-
raclopride in which no difference in receptor binding
was observed between subjects carrying the Del allele
and those having the Ins/Ins genotype (66). However,
another PET study, by Jönsson et al. (48), also using
3H-raclopride, found significant association between
the Del allele and high striatal D2 dopamine receptor
density. The current study found the D2 dopamine
receptor Bmax for those subjects carrying the Del1

allele to be virtually identical with those having the
Del2 allele. Although those subjects carrying the D21

allele of the Taql D site had a mean Bmax lower than
those having the D22 allele, this difference, was not
statistically significant. Further, the Bmax values were
essentially the same for the EX7-T1 and EX7-T2 alle-
les of the exon 7 polymorphism as well as for the EX8-
G1 and EX8-G2 alleles of the exon 8 polymorphism.
To our knowledge, this is the first time binding data
for the D2 dopamine receptor Taql D, exon 7, and
exon 8 alleles have been published.

The results in Table I underscore the significant
allelic effects on D2 dopamine receptor density with
the Taql A, Taql B, and intron 6 polymorphisms.
However, it should not be surprising that all three of
these polymorphisms are associated with such a pro-
found effect on D2 dopamine receptor density. There
exits a strong and highly significant (P , 1027) bi-
allelic linkage disequilibrium among the Taql A, Taql
B, and intron 6 polymorphic sites, as demonstrated in
this investigation (see Table II), as well as in an ear-
lier report (43), which used a larger Caucasian popu-
lation that included the subjects used in the present
study. This is reflected in very similar higher Bmax
values for the more commonly found A12, B12, and
INT6-T2 alleles, as well as a similar and significantly
reduced receptor density observed with the minor
A11, B11, and INT6-T1 alleles of these three poly-
morphisms (see Table I). This contrasts with what is
observed with the exon 7 and exon 8 polymorphisms.
A highly significant bi-allelic linkage disequilibrium
(P , 1028) exists between these two sites, an obser-
vation also found by Samochowiec et al. (55). How-
ever, the D2 dopamine receptor Bmax values for the
two alleles of each of these two DRD2 exonic poly-
morphisms are virtually identical (see Table I), sug-

gesting that these alleles have little effect on D2
dopamine receptor density.

One might expect mutations in the promoter re-
gion of the DRD2 gene to be good candidates for as-
sociation with alterations in D2 dopamine receptor
density. However, in this investigation, no difference in
Bmax was observed between the Del1 and Del2 alleles
of the promoter-141C polymorphism. Moreover, much
weaker bi-allelic linkage disequilibria were observed
between the promoter-141C site and each of the Taql
A, Taql B, and intron 6 sites when compared with the
strong, highly significant linkage disequilibrium co-
efficients observed among the latter three sites with
each other. This may support, in part, the negligible al-
lelic effect of the promoter-141C polymorphism on D2
dopamine receptor density in contrast with the signifi-
cant allelic differences observed with the the Taql A,
Taql B, and intron 6 polymorphisms. Similar weaker
linkage disequilibria were observed for the Taql A and
promoter-141C, Taql B and promoter-141C, and intron
6 and promoter-141C comparisons in an earlier study
conducted by us that used a larger subject population
that included those of the current investigation (43).
Others (48,55,67–69) similarly found either relatively
weaker or no significant linkage disequilibrium be-
tween the promoter-141C and Taql A polymorphisms.

The Taql D polymorphism is interesting in that
it had a significant bi-allelic linkage disequilibrium
with all of the other polymorphic sites examined in
this investigation. Furthermore, the disequilibrium
coefficients of the Taql D site with the Taql B, intron
6, exon 7, and exon 8 sites remained significant even
after correction for multiple testing. Kidd et al. (70),
in European Caucasians, obtained significant linkage
disequilibria between the Taql A and Taql D sites, and
the Taql B and Taql D sites. Moreover, they also
found, as observed in the current study, these linkage
disequilibrium constants to be of much lesser signifi-
cance than the linkage disequilibrium constant ob-
served between the Taql A and Taql B sites. This is
interesting in that while a difference in D2 dopamine
receptor Bmax was observed between the Taql D D21

and D22 alleles in the present study, this difference,
in contrast with what was found for the Taql A, Taql
B, and intron 6 sites, was not statistically significant.
Further studies with a larger Caucasian population
may be necessary to draw a more definitive conclu-
sion regarding the Taql D polymorphism and its pos-
sible relationship with D2 dopamine receptor density.

Of primary interest in the current investigation
is the significant allelic effects the DRD2 gene Taql
A, Taql B, and intron 6 polymorphisms have on D2
dopamine receptor density. Studies in human sub-
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jects using PET and 11C-raclopride to measure D2
dopamine receptors have shown reduced receptor
levels in the brains of alcoholics when compared
with nonalcoholics (71,72). Moreover, Thanos et al.
(73) demonstrated that overexpression of DRD2 re-
duces alcohol self-administration in rats, suggesting
that high D2 dopamine receptor levels may be pro-
tective against alcohol abuse. There are a substantial
number of reports demonstrating a significant as-
sociation of the minor Taql A A1 and Taql B B1
alleles with alcoholism and other substance use dis-
orders (for review see [25]). The identification of a
D2 dopamine receptor deficit in subjects carrying
the A11, B11, and INT6-T1 alleles further strength-
ens the concept that these variants have a biological
significance with regard to substance use disorders
such as alcoholism. Based primarily on work with the
Taql A polymorphism, it has been postulated (25,74)
that subjects having the A11 allele may compensate for
the deficiency of their dopaminergic system by the use
of alcohol and other substances, agents known to en-
hance the dopaminergic system by increasing brain
dopamine levels. The resultant stimulation by dopamine
of the A11 allelic subjects’ fewer D2 dopamine recep-
tors would then enhance feelings of reward and pleas-
ure. Eventually the continued substance usage could
then lead to dependence. This hypothesis may now be
extended to include the current evidence differentiating
dopaminergic function based on allelic status of the
intron 6 and Taql B polymorphisms.

The question remains as to how these mutations in
the noncoding regions of the DRD2 gene affect recep-
tor expression. A possible explanation is that these
three polymorphisms are in very strong linkage dis-
equilibrium with a functional allelic variant that affects
receptor expression (6,31). This variant could be lo-
cated in various genomic regions of this large 270-kb
gene, of which exons represent only a small fraction of
the total length of the gene. It could be located in the
noncoding exon 1, a region separated from the Taql A,
Taql B, and intron 6 sites by a large 250-kb intron in
the DRD2 gene (75,76). However, that seems unlikely
because exon 1 is in close proximity with the promoter-
141C mutation, which was shown to have no effect on
D2 dopamine receptor binding and which is in only rel-
atively weak linkage disequilibria, if at all, with the
Taql A, intron 6, and Taql B mutations. It could be
located in the large 250-kb intron that separates exon 1
and exon 2, or in other controlling (enhancer) se-
quences of the DRD2 gene. In other systems, 39- and
59-untranslated regions have been shown to affect gene
expression (77–79). Furthermore, physiologically im-
portant mutations can be up to several kilobases from

the gene they affect (80,81). Thus it cannot be ruled out
that an allelic variant in a controlling region in close
proximity to the 39-untranslated region where the Taql
A mutation occurs may be responsible for the Taql A,
intron 6, and Taql B allelic effects on D2 dopamine re-
ceptor binding. Indeed, Samochowiec et al. (55), study-
ing polymorphisms that span the entire DRD2 gene,
suggest a predominant influence of the 39-region of
the gene on various neuropsychiatric traits in German
alcoholics. Thus it would seem that the controlling
regions of the DRD2 gene remain fruitful areas for
investigating the underlying mechanisms contributing
to the observed gene effects on D2 dopamine receptor
binding and ultimately to alcohol addiction and other
substance use disorders.

In conclusion, the results of the current study
demonstrate a significantly diminished density of D2
dopamine receptors in subjects having the minor alle-
les at the Taql A, Taql B, and intron 6 DRD2 poly-
morphic sites. No allelic differences in D2 dopamine
receptor density were observed with the DRD2 Taql D,
exon 7, exon 8, and promoter-141C polymorphic sites.
Furthermore, based on linkage disequilibrium determi-
nations, the Taql A, Taql B, and intron 6 DRD2 poly-
morphisms are tightly linked with each other, but not
with the other four DRD2 polymorphic sites studied in
this investigation. Taken together, these findings sug-
gest that the Taql A, Taql B, and intron 6 DRD2 poly-
morphisms, but not the Taql D, exon 7, exon 8, and
promoter-141C polymorphisms, are in linkage disequi-
librium with a functional allelic variant that affects D2
dopamine receptor expression. Moreover, the strong
association of the minor alleles of the Taql A, Taql B,
and intron 6 DRD2 polymorphisms with alcoholism
(44) and abuse of other substances (25) suggests that
the expression of the D2 dopamine receptor gene may
make a significant contribution to the development of
alcoholism and other substance abuse disorders.
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