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A DPAMIN D4 RECEPTOR ES A SZEROTONIN
TRANSZPORTER GENEK PROMOTER
POLIMORFIZMUSAINAK KOMBINALT HATASA
HEROINFUGGESBEN

Munkank soran a dopamin D4 receptor (DRD4)
¢s a szerotonin transzporter (SERT) gének poli-
morfizmusait vizsgaltuk, mint a kabitoszerfiig-
gés lehetséges genetikai rizikofaktorait. Eset-
kontroll vizsgalatunkba egy meglehetdésen nagy
szamu (n=362) egészséges kontroll populaciot,
illetve kezdetként egy 73 személybdl allo kabito-
szerfliggd csoportot (koztiik 53 f6 volt heroin-
fliggd) vontunk be. A DRD4 gén polimorfizmu-
sainak (exon 3 48 bp VNTR; -521 C/T SNP ¢és
120 bp duplikécio az 5’ régidban) és a SERT gén
polimorfizmusainak (5-hydroxytriptamin trans-
porter linked polymorphic region [5S-HTTLPR]
az 5’ régidban, illetve az intron 2 VNTR [STin2])
vizsgalatara szdmos, munkacsoportunk altal ki-
dolgozott genotipizalasi modszert alkalmaztunk.
A heroinfligg6 alcsoportban szignifikans asszo-
-521 C/T SNP jével (p=0.044). A tobbi vizsgalt
polimorfizmus esetében nem talaltunk szignifi-
kans asszociaciot, azonban a DRD4 -521 C/T

SNP és a 5-HTTLPR polimorfizmus interakcié-
jat figyeltiik meg. A -521 CC vs. CT vagy TT ge-
notipusok és a heroindependencia kozotti asszo-
ciaciot felerdsitette a rovid HTTLPR allél jelen-
Iéte (s [short] vagy 14-szeres ismétlddés, p<0.01).
A -521 CC genotipus esetében megfigyelt 2.14-
es odds ratio 4.82-re emelkedett a -521 CC és
5-HTTLPR ss dupla homozigétak esetében,
amely aldhtizza az agyi dopaminerg és szeroton-
erg rendszerek polimorfizmusai kombinalt anali-
zisének fontossagat a heroinfiiggésben. Ugyan-
akkor a viszonylag alacsony mintaszam miatt
ezen eredményeket ovatossaggal kell értékelni.
KULCSSZAVAK: heroin abuzus, genetikai rizi-
kofaktorok, dopamin, szerotonin transzporter

SUMMARY

Dopamine D4 receptor (DRD4) and serotonin
transporter (SERT) gene polymorphisms were
studied, as possible genetic risk factors for sub-
stance dependence. The case-control study in-
volved a large cohort (n=362) of healthy Cauca-
sian population, and an initial sample of 73 sub-
stance dependent patients (including a subgroup
of 53 heroin dependents). Improved methods

Abbreviations:

SNP - single nucleotide polymorphism, bp - base pair, PCR —
polymerase chain reaction, VNTR — variable number of tan-
dem repeats, DRD4 — dopamine D4 receptor, DRD4 VNTR —

the 48 bp repeat polymorphism in the third exon of DRD4 gene,
5-HTTLPR - 5-hydroxytriptamine transporter linked polymor-
phic region, SERT - serotonin transporter, STin2 - serotonin
transporter gene intron 2 polymorphism.
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were applied for genotype detection of the
DRD4 polymorphisms (exon 3 48 bp VNTR;
-521 C/T SNP and 120 bp duplication in the 5°
flanking region) and the SERT gene polymor-
phisms (5-hydroxytriptamin transporter linked
polymorphic region [S-HTTLPR] in the 5’ flank-
ing region and the intron 2 VNTR [STin2]). As-
sociation between the -521 C/T SNP of the
DRD4 promoter region and substance depend-
ence was significant in the subgroup of heroin
dependents (p=0.044). The other analyzed poly-
morphisms did not show any significant associa-
tion, but an interaction between -521 C/T SNP of
DRD4 and the 5-HTTLPR polymorphisms was

observed. Association between the -521 CC vs.
CT or TT genotypes and heroin dependence was
enhanced in the presence of short (s or 14-repeat)
S5-HTTLPR allele (p0.01). The odds ratio of 2.14
observed for the -521 CC genotype increased to
4.82 in double homozygotes of -521 CC and
S5-HTTLPR ss, emphasizing the importance of
combined analysis of polymorphisms in the dop-
aminergic and serotonergic systems in heroin de-
pendence. However, due to the limited size of
our sample these results should be interpreted
with caution.

KEYWORDS: substance dependence, association
study, DRD4, SERT, 5-HTTLPR

INTRODUCTION

Substance dependence is a major social and health
problem worldwide. It is generally accepted that
genetic and environmental risk factors contribute
to the development of drug addiction, however, at
present, little is known about the exact nature and
effects of these genetic components. Neurobiol-
ogical models emphasize the key role of the re-
ward system through the dopaminergic meso-
corticolimbic pathway, which is modulated by a
number of other stimulatory and inhibitory neuro-
transmitters. The most extensively studied modul-
ator is the serotonin system with its complex, mu-
tual interactions with the dopamine network. Dif-
ferent drugs of abuse act at various points of these
systems, but eventually they all result in an ele-
vated dopamine level in the nucleus accumbens .
In a study of combined dopamine and serotonin
transporter (DAT -/-, SERT -/-) knockout mice
cocaine-conditioned place preference was elimin-
ated indicating that the serotonin transporter plays
a crucial role in the rewarding/reinforcing effects
of the drug, emphasizing the interaction of the
dopaminergic and serotonergic systems.

Genetic polymorphisms of several components
of the reward system (receptors, transporters, en-
zymes in neurotransmitter metabolism) have been
widely studied for associations with various per-
sonality traits, as well as psychiatric disorders.
Among these, close attention has been paid to the
highly polymorphic dopamine D4 receptor
(DRD4) and the serotonin transporter (SERT)
genes. The human personality trait of Novelty
Seeking has been associated with a VNTR in the
third exon of the dopamine D4 receptor gene ,
however, these results are still controversial . An
association of substance dependence and the

above VNTR was first proposed by Kotler et al.,
and replicated by others , but contradictory results
were also obtained. Heroin dependence was found
to be associated with the STin2 polymorphism of
the SERT gene , but not with the 5S-HTTLPR .

Here, we present an analysis of DRD4 and
SERT gene polymorphisms as possible risk fac-
tors for substance dependence, in a case-control
study of 73 substance dependent subjects (includ-
ing 53 heroin dependents) and 362 healthy Cauca-
sian (Hungarian) controls. The investigated poly-
morphic regions included the coding region (exon
3 VNTR) and the 5° upstream region (-521 CT and
120 bp duplication) of the DRD4 gene, the 5° up-
stream region (5-HTTLPR), and the intron 2 poly-
morphism (STin2) of the SERT gene.

METHODS
Subjects

Patients: Seventy three Hungarian substance de-
pendent patients (50 males and 23 females: 68.5%
vs. 31.5%) were comprised in the study from the
National Institute of Psychiatry and Neurology,
Budapest. The diagnosis was made based on the
DSM-IV criteria (American Psychiatric Associa-
tion, 1994). Patients were divided into two sub-
groups according to the abused substance (53 her-
oin dependent individuals and 20 addicts of other
non-opiate drugs, such as amphetamine, cocaine,
cannabis, LSD, etc.). The age of subjects at diag-
nosis was 15-70 years (mean age 28.23+10.63
years). Four subjects suffering from a major psy-
chiatric disorder (schizophrenia, major depression
and alcohol dependence) with possible involve-
ment of the studied neurotransmitter systems were
excluded from the initial cohort of 77 patients.
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Control subjects: Genotype data of 362 sexu-
ally matched, healthy individuals (248 males and
114 females: 68.5% vs. 31.5%) was used to con-
struct a large normative sample for determination
of control genotype and allele frequencies. The re-
search protocol has been approved by the Ethical
Committee of Semmelweis University and the In-
stitute of Psychology, Hungarian Academy of Sci-
ences.

Genotyping

Genomic DNA was extracted from buccal swabs
and approximately 1 ng DNA was used as tem-
plate for each of the tested polymorphisms, per-
formed as described earlier (DRD4 gene: -521
C/T SNP, 120 bp duplication, DRD4 VNTR;
SERT gene: STin2 and 5-HTTLPR ). The -521
CT polymorphism was determined by two inde-
pendent methods using a newly described primer
pair , and only genotypes with identical results
were accepted. Using this improved method the
genotype distribution of the control population
corresponds to the Hardy-Weinberg equilibrium
(-521 C/T: [=0.02, p=0.99; 5-HTTLPR: [F=1.46,
p=0.48).

Statistical analysis

SPSS 11.5 for Windows was used for all statistical
analyses. P-values 0.05 were considered signifi-
cant and were not adjusted for multiple testing.

RESULTS

Obtained genotype and allele frequencies of the
polymorphisms in the DRD4 and SERT genes are
listed in Table 1 and Table 2, respectively. A sig-
nificant association was found between the -521
C/T polymorphism and heroin dependence
((F=6.24, df=2, p=0.044). The -521 CC genotype
was more frequent in the heroin group than in con-
trols (35.9% vs. 20.7%, odds ratio: 2.14). When
non-opiate drug dependent individuals were also
included in the sample (Table 1. “Substance de-
pendent”) no significant difference was observed
between cases and controls ((F=4.23, df=2, p=0.12).
A tendency for difference was also obtained in the
allele distribution in case of the heroin dependent
subgroup ((F=3.01, df=2, p=0.083) Analysis of
other polymorphic regions in the two genes did
not result in any significant association.

An interaction was found between the -521 C/T
promoter polymorphism of the DRD4 gene and
the 5-HTTLPR promoter polymorphism of the

SERT gene. When -521 C/T genotypes were fur-
ther analyzed in combination with the 5-HTTLPR
polymorphism (Table 3.), the association of the
-521 CCvs. CT or TT groups with heroin depend-
ence was enhanced in the presence of the
5-HTTLPR short (14 repeat) allele ([F=9.89,
df=1, p=0.0017). The odds ratio for heroin de-
pendence was 2.86 in the presence of the -521 CC
genotype and at least one 5S-HTTLPR s allele, and
it is increased to 4.82 in case of CC and ss double
homozygotes, which estimate the combined effect
of the two risk factors. This interaction was also
seen in the whole group of substance dependents
(F=6.71, df=1, p=0.0096, OR=2.26).

No significant difference was found between
heroin or substance dependents and controls re-
garding the DRD4 exon 3 VNTR genotypes when
grouped according to the presence or absence of
the seven repeat allele (7- vs. 7+, Table 1.). Allele
frequencies with a repeat number from 2 to 9 are
also presented in Table 1, showing a similar distri-
bution between cases and controls.

DISCUSSION

The results presented here show the significance
of genetic variations in both the dopamine and the
serotonin system as risk factors for drug depend-
ence. The subtelomeric region of chromosome
11p, where the DRD4 gene is located was identi-
fied by single-point analysis in a recent genome-
wide search for quantitative trait loci influencing
substance dependence vulnerability. Among the
numerous polymorphisms of the DRD4 gene, the
-521 C/T promoter polymorphism was previously
shown to play a role in the personality dimension
of Novelty Seeking and in disorganized early at-
tachment in our laboratory. According to our
knowledge, the only association study between
-521 C/T polymorphisms and heroin abuse has so
far been reported about 387 Chinese cases , where
no significant difference was found for either al-
lele or genotype frequencies of the DRD4 exon 3
VNTR and the -521 C/T polymorphisms. Their
data, however, also showed a small, but non-
significant increase of the -521 C allele and CC
genotype frequencies in heroin abusers, as well as
in the injector (but not the inhaler) subgroup.

The statistical association between the -521
C/T promoter polymorphism and heroin depend-
ence found in the present study is in agreement
with previous findings of association between the
personality trait of Novelty Seeking and the -521
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Table 1. Genotype and allele frequencies of polymorphisms in the dopamine D4 gene
and its promoter region. Repeat polymorphisms are depicted by the number of repeats.
DRD4 exon 3 VNTR genotypes are also grouped according to the absence (7 -)

or presence (7 +) of the seven repeat allele.

Polymorphism Control Substance dependent Heroin dependent
-521 C/IT n=362 n=73 n=53
CcC 20.7% 30.1% 35.9% [F =6.24
CT 50.0% 38.4% n.s. 37.7% p=0.044
TT 29.3% 31.5% 26.4% ¥ =3.01
C 45.7% 49.3% n.s. 54.7% p=0.083
T 54.3% 50.7% 45.3%
120 bp dup. n=362 n=73 n=53
11 3.6% 2.7% n.s. 3.8% n.s.
1/2 27.9% 32.9% 26.4%
2/2 68.5% 64.4% 69.8%
1 17.5% 19.2% n.s. 17.0% n.s.
2 82.5% 80.8% 83.0%
exon 3 VNTR n=362 n=71 n=52
7- 63.5% 64.8% n.s. 65.4% n.s.
7+ 36.5% 35.2% 34.6%
2 9.3% 5.0% - 4.8% -
3 3.7% 4.9% 6.7%
4 64.1% 67.6% 68.3%
5 0.8% 0.7% 0%
6 0.4% 0% 0%
7 20.6% 19.0% 19.2%

Table 2. Genotype and allele frequencies in the serotonin transporter gene promoter region
(5-HTTLPR) and second intron (STin2). Genotype and allele frequencies are depicted by the
number of repeats (5-HTTLPR 14: short allele, 16: long allele)

Polymorphism Control Substance dependent Heroin dependent
5-HTTLPR n=362 n=70 n=52
14/14 17.7% 24.3% n.s. 23.1% n.s.
14/16 45.0% 44.3% 48.1%
16/16 37.3% 31.4% 28.8%
14 40.2% 46.4% n.s. 47.1% n.s.
16 59.8% 53.6% 52.9%
STin2 n=362 n=73 n=53
9/10 0.6% 1.4% n.s. 0% n.s.
9/12 2.2% 2.7% 1.9%
10/10 11.6% 9.6% 9.4%
10/12 47.2% 46.6% 54.7%

Table 3. Interaction of the —521 C/T polymorphism in the dopamine D4 receptor promoter and the
5-HTTLPR polymorphism in the serotonin transporter promoter region

Genotypes Control Substance dependent Heroin dependent
521C/T | 5HTTLPR n=362 n=ro n=52
CC 14/14+14/16 12.4% 24.3% =6.71 28,8% [7=9.89
all other genotypes 87.6% 75.7% P=0.0096 71.2% P=0.0017
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CC genotype provided that substance users have
higher Novelty Seeking scores than controls . As
the -521 C allele was shown to cause a consider-
able increase in the transcriptional activity of the
DRD4 promoter in a heterologous in vitro assay,
one could hypothesize that individuals carrying
only C alleles, and therefore having a higher
DRD4 expression in brain areas including the re-
ward system, would require more novel stimuli,
which could lead to an increased risk of using and
abusing heroin.

When trying to get an insight into the complex
functioning of the human brain, interactions be-
tween different monoamine neurotransmitter sys-
tems need to be taken into account, rather than
considering these systems individually. Accord-
ing to this concept, dopamine and serotonin levels
in various brain areas are more informative if their
relative levels are also compared. Our findings of
the statistical interaction between the dopamin-
ergic and the serotonergic polymorphisms is in
agreement with emerging evidence that seroton-
ergic neurons can modulate dopamine function at
various levels, including the mesocorticolimbic
system involved in reward . Transfection assays
and in vivo SPECT studies of the SERT promoter
activity revealed that the short variant of
5-HTTLPR is associated with low transporter
expression. In light of our findings on the interac-
tion of the -521 CC and 5-HTTLPR ss polymor-
phisms in heroin dependence, one may propose
that increased synaptic serotonin concentration
due to lower expression of SERT could result in
greater stimulation of dopamine release in areas
responsible for reward including the nucleus ac-
cumbens. This would elevate synaptic dopamine
concentration, which, in addition to the more
abundantly available postsynaptic D4 receptors
could make downstream signaling of the neurons

more effective. Thus, polymorphisms of the dopa-
mine and serotonin systems can influence individ-
ual sensitivity to the rewarding actions of the drug.

The presented initial sample of substance de-
pendents is relatively low in number and vulner-
able to Type I error of false positive results. The
control group of healthy Hungarian individuals,
however, is a large and homogeneous sample
where the -521 C/T and the 5-HTTLPR genotype
frequencies correspond to the Hardy-Weinberg
equilibrium (see Methods). Attempts were also
made to verify the accuracy of genotyping meth-
ods, especially in case of the -521 C/T SNP ,
which lies in a highly polymorphic region. In
other association studies, family-based analyses
are often preferred in order to avoid population
stratification, but it is often complicated to carry
out these studies in case of substance dependents’
families. Moreover, searching for patients with
complete and co-operating families might result in
a drop out of the most serious cases, thus dis-
torting the results. Therefore, replications by case-
control studies on other homogenous populations,
as well as extended studies using a larger number
of subjects would be necessary to confirm the role
of the -521 C/T polymorphism and its interaction
with the 5-HTTLPR as possible genetic risk
factors for substance dependence.

Acknowledgement
This work was supported by National Funds NKFP-1A/ 0008/
2002 and OMFB 00215/2002.

Correspondence:

Csaba Barta, MD, PhD

Institute of Medical Chemistry, Molecular Biology
and Pathobiochemistry, Semmelweis University
9 Puskin Street, Budapest, 1088, Hungary
Phone: +36-1-266 2755/ext. 4028

Fax: +36-1-266 7480

E-mail: csbarta@puskin.sote.hu

REFERENCES

Benjamin,J., Li,L., Patterson,C.,
Greenberg,B.D., Murphy,D.L. and
Hamer,D.H., 1996. Population and fa-
milial association between the D4 do-
pamine receptor gene and measures of
Novelty Seeking. Nat Genet. 12,
81-84.

Bookman,E.B., Taylor,R.E., Ad-
ams-Campbell,L. and Kittles,R.A.,
2002. DRD4 promoter SNPs and gen-
der effects on Extraversion in African
Americans. Mol Psychiatry. 7,
786-789.

Boor,K., Ronai,Z., Nemoda,Z.,
Gaszner,P., Sasvari-Szekely,M.,
Guttman,A. and Kalasz,H., 2002.

Noninvasive genotyping of dopamine
receptor D4 (DRD4) using nanograms
of DNA from substance-dependent

patients. Curr Med Chem. 9, 793-797.

Bubar,M.J., McMahon,L.R., De

Deurwaerdere,P., Spampinato,U. and
Cunningham,K.A., 2003. Selective se-
rotonin reuptake inhibitors enhance
cocaine-induced locomotor activity
and dopamine release in the nucleus
accumbens. Neuropharmacology. 44,
342-353.

Comings,D.E. and Blum,K., 2000. Re-

ward deficiency syndrome: genetic as-
pects of behavioral disorders. Prog
Brain Res. 126, 325-341.

Ebstein,R.P., Novick,O., Umansky,R.,
Priel,B., Osher,Y ., Blaine,D.,
Bennett,E.R., Nemanov,L., Katz,M.
and Belmaker,R.H., 1996. Dopamine
D4 receptor (D4DR) exon III poly-
morphism associated with the human
personality trait of Novelty Seeking.
Nat Genet. 12, 78-80.

Franke,P., Nothen,M.M., Wang,T.,
Knapp,M., Lichtermann,D., Neidt,H.,
Sander, T Propping,P. and Maier,W.,
2000. DRD4 exon III VNTR poly-
morphism-susceptibility factor for
heroin dependence? Results of a
case-control and a family-based asso-
ciation approach. Mol Psychiatry. 5,
101-104.

32 Neuropsychopharmacologia Hungarica 2005, VII/1; 28-33



COMBINED EFFECT OF PROMOTER POLYMORPHISMS IN THE DOPAMINE D4 RECEPTOR

OSSZEFOGLALO KOZLEMENY

Gelernter,]., Kranzler,H., Coccaro,E.,
Siever,L., New,A. and Mulgrew,C.L.,
1997. D4 dopamine-receptor (DRD4)
alleles and novelty seeking in sub-
stance-dependent, personal-
ity-disorder, and control subjects. Am
J Hum Genet. 61, 1144-1152.

Heils,A., Teufel,A., Petri,S., Stober,G.,
Riederer,P., Bengel,D. and Lesch,
K.P., 1996. Allelic variation of human
serotonin transporter gene expression.
J Neurochem. 66, 2621-2624.

Heinz,A., Jones,D.W., Mazzanti,C.,
Goldman,D., Ragan,P., Hommer,D.,
Linnoila,M. and Weinberger,D.R.,
2000. A relationship between seroto-
nin transporter genotype and in vivo
protein expression and alcohol
neurotoxicity. Biol Psychiatry. 47,
643-649.

Kapur,S. and Remington,G., 1996. Se-
rotonin-dopamine interaction and its
relevance to schizophrenia. Am J Psy-
chiatry. 153, 466-476.

Kluger,A.N., Siegfried,Z. and
Ebstein,R.P., 2002. A meta-analysis
of the association between DRD4
polymorphism and novelty seeking.
Mol Psychiatry. 7, 712-717.

Kotler,M., Cohen,H., Segman,R.,
Gritsenko,l., Nemanov,L., Lerer,B.,
Kramer,l., Zer-Zion,M., Kletz,I. and
Ebstein,R.P., 1997. Excess dopamine
D4 receptor (D4DR) exon III seven
repeat allele in opioid-dependent sub-
jects. Mol Psychiatry. 2, 251-254.

Kotler,M., Cohen,H., Kremer,l.,
Mel,H., Horowitz,R., Ohel,N.,
Gritsenko,I., Nemanov,L., Katz,M.
and Ebstein,R., 1999. No association
between the serotonin transporter pro-
moter region (S-HTTLPR) and the do-
pamine D3 receptor (Ball D3DR)
polymorphisms and heroin addiction.
Mol Psychiatry. 4, 313-314.

Lakatos,K., Nemoda,Z., Toth,I.,
Ronai,Z., Ney,K., Szekely,M. and
Gervai,J., 2002. Further evidence for
the role of the dopamine D4 receptor
(DRD4) gene in attachment disorgani-
zation: interaction of the exon III
48-bp repeat and the -521 C/T pro-
moter polymorphisms. Mol Psychia-
try. 7, 27-31.

Lesch,K.P., Balling,U., Gross,J.,
Strauss,K., Wolozin,B.L.,
Murphy,D.L. and Riederer,P., 1994.
Organization of the human serotonin
transporter gene. J Neural Transm
Gen Sect. 95, 157-162.

Li,T., Xu,K., Deng,H., Cai,G., Liu,J.,
Liu,X., Wang,R., Xiang,X., Zhao,J.,
Murray,R.M., Sham,P.C. and Col-
lier,D.A., 1997. Association analysis
of the dopamine D4 gene exon III

VNTR and heroin abuse in Chinese
subjects. Mol Psychiatry. 2, 413-416.
Li,T., Zhu,Z.H., Liu,X., Hu,X., Zhao,J.,

Sham,P.C. and Collier,D.A., 2000.
Association analysis of polymor-
phisms in the DRD4 gene and heroin
abuse in Chinese subjects. Am J Med
Genet. 96, 616-621.

Li,T., Liu,X., Zhao,J., Hu,X.,
Ball,D.M., Loh,e., Sham,P.C. and
Collier,D.A., 2002. Allelic association
analysis of the dopamine D2, D3,
5-11T2A, and GABA(A)gamma?2 re-
ceptors and serotonin transporter
genes with heroin abuse in Chinese
subjects. Am J Med Genet. 114,
329-335.

Lusher,J.M., Chandler,C. and Ball,D.,
2001. Dopamine D4 receptor gene
(DRD4) is associated with Novelty
Seeking (NS) and substance abuse:
the saga continues.. Mol Psychiatry. 6,
497-499.

Nemoda,Z., Ronai,Z., Szekely,A.,
Kovacs,E., Shandrick,S., Guttman,A.
and Sasvari-Szekely,M., 2001.
High-throughput genotyping of repeat
polymorphism in the regulatory re-
gion of serotonin transporter gene by
gel microchip electrophoresis. Elec-
trophoresis. 22, 4008-4011.

Okuyama,Y ., Ishiguro,H., Toru,M. and
Arinami,T., 1999. A genetic polymor-
phism in the promoter region of
DRD4 associated with expression and
schizophrenia. Biochem Biophys Res
Commun. 258, 292-295.

Okuyama,Y ., Ishiguro,H., Nankai,M.,
Shibuya,H., Watanabe,A. and
Arinami,T., 2000. Identification of a
polymorphism in the promoter region
of DRD4 associated with the human
novelty seeking personality trait. Mol
Psychiatry. 5, 64-69.

Parsons,L.H. and Justice,J.B., Jr., 1993.
Perfusate serotonin increases
extracellular dopamine in the nucleus
accumbens as measured by in vivo
microdialysis. Brain Res. 606,
195-199.

Paterson,A.D., Sunohara,G.A. and Ken-
nedy,J.L., 1999. Dopamine D4 recep-
tor gene: novelty or nonsense?
Neuropsychopharmacology. 21, 3-16.

Robbins, T.W. and Everitt,B.J., 1999.
Drug addiction: bad habits add up.
Nature. 398, 567-570.

Ronai,Z., Guttman,A., Nemoda,Z.,
Staub,M., Kalasz,H. and
Sasvari-Szekely,M., 2000. Rapid and
sensitive genotyping of dopamine D4
receptor tandem repeats by automated
ultrathin-layer gel electrophoresis.
Electrophoresis. 21, 2058-2061.

Ronai,Z., Barta,C., Guttman,A.,
Lakatos, K., Gervai,J., Staub,M. and

Sasvari-Szekely,M., 2001 a. Genotyp-
ing the -521 C/T functional polymor-
phism in the promoter region of dopa-
mine D4 receptor (DRD4) gene. Elec-
trophoresis. 22, 1102-1105.

Ronai,Z., Szekely,A., Nemoda,Z.,

Lakatos,K., Gervai,J., Staub,M. and
Sasvari-Szekely,M., 2001 b. Associa-
tion between Novelty Seeking and the
-521 C/T polymorphism in the pro-
moter region of the DRD4 gene. Mol
Psychiatry. 6, 35-38.

Schinka,J.A., Letsch,E.A. and

Crawford,F.C., 2002. DRD4 and nov-
elty seeking: results of meta-analyses.
Am J Med Genet. 114, 643-648.

Seaman,M.I., Fisher,J.B., Chang,F. and

Kidd,K.K., 1999. Tandem duplication
polymorphism upstream of the dopa-
mine D4 receptor gene (DRD4). Am J
Med Genet. 88, 705-7009.

Sora,l., Hall,F.S., Andrews,A.M.,
Itokawa,M., Li,X.F., Wei,H.B.,
Wichems,C., Lesch,K.P.,
Murphy,D.L. and Uh1,G.R., 2001.
Molecular mechanisms of cocaine re-
ward: combined dopamine and seroto-
nin transporter knockouts eliminate
cocaine place preference. Proc Natl
Acad Sci U S A. 98, 5300-5305.

Stallings,M.C., Corley,R.P., Hew-
itt,J.K., Krauter,K.S., Lessem,J.M.,
Mikulich,S.K., Rhee,S.H., Smolen,A.,
Young,S.E. and Crowley,T.J., 2003.
A genome-wide search for quantita-
tive trait loci influencing substance
dependence vulnerability in adoles-
cence. Drug Alcohol Depend. 70,
295-307.

Tan,E.C., Yeo,B.K., Ho,B.K., Tay,A.H.
and Tan,C.H., 1999. Evidence for an
association between heroin depend-
ence and a VNTR polymorphism at
the serotonin transporter locus. Mol
Psychiatry. 4, 215-217.

West,A., Langley,K., Hamshere,M.L.,
Kent,L., Craddock,N., Owen,M.J.,
O’Donovan,M. and Thapar,A., 2002.
Evidence to suggest biased pheno-
types in children with Attention Defi-
cit Hyperactivity Disorder from com-
pletely ascertained trios. Mol Psychia-
try. 7, 962-966.

Wills,T.A., Vaccaro,D. and
McNamara,G., 1994. Novelty seek-
ing, risk taking, and related constructs
as predictors of adolescent substance
use: an application of Cloninger’s the-
ory. J Subst Abuse. 6, 1-20.

Zangen,A., Nakash,R., Overstreet,D.H.
and Yadid,G., 2001. Association be-
tween depressive behavior and ab-
sence of serotonin-dopamine interac-
tion in the nucleus accumbens.
Psychopharmacology (Berti). 155,
434-439.

Neuropsychopharmacologia Hungarica 2005, VII/1; 28-33 33



