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Candidate gene studies of dopaminergic and serotonergic 
polymorphisms

The most researched candidate genes of psychiatric genetic association studies are the com-
ponents of the monoamine neurotransmitter systems, out of which serotonin and dopamine 
transmitter systems gained particular attention due to their major role in regulating emotional 
functions and cognitive processes. The paper reviews association studies focusing on the 
polymorphisms of receptors, transporters and enzymes that belong to these two transmit-
ter systems. Numerous studies demonstrated significant associations between serotonergic 
and dopaminergic polymorphisms and diagnostic categories, personality traits and cogni-
tive functions, however, results of monoamine gene variants and psychological properties 
are often contradictory. The contradictions can partially be explained with relatively small 
sample sizes of earlier studies, heterogeneity of methods across the studies and our expand-
ing knowledge of the function of polymorphisms. On the whole, however, it can be declared 
that psychogenetic research plays an important role in the development of personalized  
pharmacotherapy. 
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Twin, adoption and family studies indicate that 
numerous psychological factors and psychiat-

ric conditions are significantly heritable (Kendler, 
2002; Cardno et al., 1999). In the recent two decades 
a growing number of studies aimed to identify the 
genetic background of these psychological processes. 
Although genome-wide association studies became 
increasingly more cost effective and therefore more 
widespread recently, candidate gene studies still rep-
resent the majority of psychiatric genetic research.  

In case of candidate gene studies the most crucial 
point of the research process is selecting the genes 
assumed to contribute to psychological characteris-
tics and behavior. Since the mentioned domains are 
primarily attached to neurological functions, targeted 
genes are the ones participating in the development 
and interaction of nerve cells. Some of these gene 
products are common through different neurons and 
pathways, such as membrane proteins, ion channels, 
proteins of synaptic vesicles, etc. On the other hand, 
enzymes, receptors and transporters are specific 
for certain neurotransmitter systems. This paper is 
limited to the review of association studies between 
psychiatric conditions and genetic polymorphisms of 

a narrow range of neural components involved in neu-
rotransmission, namely the dopamine and serotonin 
systems. Monoamines, mainly serotonin, dopamine 
and norepinephrine, are important regulators of a 
wide range of behavioral and physiological functions, 
such as sleep, nutrition, motor functions, sexual be-
havior, attention, memory, reward, punishment and 
mood. Hence mental diseases have been tradition-
ally linked to the altered functioning of one or all of 
monoamine transmitter systems, most psychiatric 
diagnoses are somehow related to suboptimal sero-
tonin and/or dopamine function, such as disorders 
of mood and personality, psychotic problems, anxi-
ety, substance abuse etc. A further contributor to the 
unique attention to the dopaminergic and serotoner-
gic systems is that they are the target of the vast major-
ity of psychiatric drugs. Antidepressant medication 
mostly modifies serotonergic mechanisms, although 
some of the novel pharmaceuticals are considered 
to bind to dopaminergic and/or noradrenergic sites 
as well. The primary effect of antipsychotic medi-
cations is the decrease of the availability of certain 
dopamine receptors. Stimulants, such as nicotine, caf-
feine, cocaine or amphetamine, preferably influence  
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the dopamine and norepinephrine systems. Hallu-
cinogens, like psilocybin or LSD, alter serotonergic 
transmission, while other substances have a marked 
effect on a great number of transmitters including 
both serotonin and dopamine. 

Dopaminergic components

The most obvious contributors of neurotransmission 
are receptors and transporters, as well as enzymes 
participating in the synthesis and catabolism of neu-
rotransmitters. Receptors provide the surface on both 
pre- and postsynaptic neuron where the transmitter 
can bind and transmit stimuli, while transporters are 
responsible for the reuptake of transmitters to the  
presynaptic neurons. The availability of the transmit-
ter molecules is regulated by the metabolic pathways 
of their synthesis and degradation. Vereczkei and col-
leagues provide a thorough review on dopaminergic 
candidate gene polymorphisms of receptors, trans-
porters and degrading enzymes supporting their pos-
sible effect in heroin addiction (Vereczkei et al., 2009). 
A further Hungarian study focuses on the association 
between multiple dopaminergic polymorphisms and 
the development of borderline personality disorder 
(Nemoda et al., 2010). Tyrosine hydroxylase is the 
rate limiting step of dopamine synthesis, coded by the 
TH gene on chromosome 11p15. The TH gene has 
numerous mutations and polymorphisms. Mutations  
are connected to tyrosine hydroxylase deficiency,  
a disease which primarily effects movement. Polymor-
phisms have been studied to show association with 
suicidal behavior (for meta-analysis see Persson et al., 
1997; Hattori et al., 2006; Giegling et al., 2008), bipolar 
disorder (Inayama et al., 1993; Souery et al., 1996; 
Oruc et al., 1997; Furlong et al., 1999), schizophrenia 
(Thibaut et al., 1997; Ishiguro et al., 1998; Kunugi 
et al., 1998; Kurumaji et al., 2001; Pae et al., 2003) 
and personality traits (Persson et al., 2000; Hibino 
et al., 2006; Tochigi et al., 2006; Giegling et al., 2009;  
Sadahiro et al., 2010; Tsuchimine et al., 2010). Results 
of tyrosine hydroxylase studies are contradictory,  
a possible explanation is that early studies worked 
with relatively small sample sizes and observed a wide 
range of polymorphisms. 

Dopamine receptors fall into two different sub-
types; D1-like receptors including dopamine receptor 
D1 (DRD1) and D5 (DRD5), which mediate excitatory 
neurotransmission, and D2-like receptors involving 
D2 (DRD2), D3 (DRD3) and D4 (DRD4) mediating 
inhibitory neurotransmission. Dopamine transporter 
(DAT) is an integral membrane protein, its function 

is to remove the dopamine from the synaptic cleft. 
DRD1 gene polymorphisms were mainly studied in 
relation to addictions, schizophrenia (Sander et al., 
1995; Limosin et al., 2003; Kim et al., 2007) and in 
relation to bipolar affective disorder based on the 
dopamine hypothesis (Ni et al., 2002; Severino et al., 
2005; Dmitrzak-Weglarz et al., 2006; Del Zompo et 
al., 2007). A substantial portion of addiction studies 
aimed to reveal association between alcohol abuse 
and DRD1 polymorphisms (Dmitrzak-Weglarz et 
al., 2006; Zhang et al., 2010; Novak et al., 2010). The 
most frequently studied polymorphism in the DRD1 
gene is the -48A/G single nucleotide polymorphism 
(SNP) in the 5’ untranslated (UTR) region of the gene, 
although in the above mentioned studies the func-
tion of this polymorphism is poorly discussed. DRD2 
polymorphisms are repeatedly included in the asso-
ciation analyses along with DRD1 targets, however, 
DRD2 polymorphisms contributed to a substantially 
larger number of studies, most frequently in mood 
disorders and substance abuse. Zou et al. conducted 
a meta-analysis of DRD2 polymorphisms and mood 
disorders (Zou et al., 2010), involving 14 studies in 
their analyses (2157 cases and 3272 controls of both 
Caucasian and Asian population), and the -141C Ins/
Del, the Ser311/Cys311 and Taq 1A polymorphisms 
of the DRD2 gene. According to their results only the 
DRD2 Taq 1A showed significant association with 
mood disorders: individuals with A1A1 genotype 
were more susceptible to mood disorders. Studies 
with substance abuse included a wide range of sub-
stances which are known to exert their rewarding ef-
fect through dopamine transmission (Tsai et al., 2002; 
Shahmoradgoli Najafabadi et al., 2005; Hou and Li, 
2009). Both in mood disorder and substance abuse 
studies of DRD2 Taq 1A polymorphism appears to 
play an important role. A growing body of evidence 
indicates significantly reduced receptor density in 
A1 carriers (Jonsson et al., 1999; Ritchie and Noble, 
2003). D3 dopamine receptor contains a thoroughly 
studied polymorphic site (rs6280), which encodes 
a Serine to Glycin amino acid change in the pro-
tein. This polymorphism has been widely examined 
among schizophrenic patients. DRD3 polymorphisms 
in general were studied to identify association with 
schizophrenia (for a meta-analysis see Nunokawa 
et al., 2010). DRD4 gene has been in the focus of 
psychiatric genetic research for its abundance of 
polymorphic sites. The most studied genetic varia-
tion of this gene is a 48-base pair VNTR in the third 
exon. Despite repeated attempts the molecular effect 
of this polymorphism is not fully understood. Asghari 
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et al. found reduced potency to inhibit forskolin-
activated cAMP stimulation in the presence of the 
7-repeat allele (1995). Recent studies indicate that the 
7-repeat allele may decrease receptor expression due 
to its influence on RNA-stability (Schoots and Van 
Tol, 2003). Nevertheless, the DRD4 VNTR inspired 
a great variety of studies to search for possible as-
sociation with psychological traits including persist-
ence (Vereczkei et al., 2009), novelty seeking (Reist 
et al., 2007) and approach-related traits in general 
(for a meta-analysis see Munafo et al., 2008), ADHD 
(Bellgrove et al., 2005; Johnson et al., 2008) addictions 
(Stahl et al., 2004; Vandenbergh et al., 2000; for a re-
view see Vereczkei et al., 2009) along with cognitive 
features such as reaction time (Vereczkei et al., 2009). 
DRD4 -521C/T (rs1800955) is a further extensively 
studied polymorphism associated with addiction (Szi-
lagyi et al., 2005) and ADHD (Bellgrove et al., 2005; 
Kereszturi et al., 2007). A relatively smaller number of 
studies examines the DRD5 candidate gene in psychi-
atric disorders despite its highly polymorphic nature 
(Feng et al., 1998), although its connection to ADHD 
was repetitively demonstrated (Newman-Tancredi et 
al., 1998; Manor et al., 2004; Johansson et al., 2008; 
Squassina et al., 2008).

Dopamine transporter retrieves the dopamine 
from the synaptic cleft terminating the dopamine 
signal. The DAT1 (SLC6A3) gene, coding for this 
transporter, is not particularly rich in polymorphisms, 
however it has a 40-bp VNTR in the 3’ untranslated 
region which has been widely studied. According 
to a recent meta-analysis the 10-repeat allele has a 
significant role in the susceptibility of ADHD (Yang 
et al., 2007). Despite the determining role in the ef-
fect of substances like cocaine and amphetamines, 
associations between DAT1 polymorphisms and the 
mentioned stimulants are relatively understudied. 

Cathecol-O-methyl-transferase is the enzyme 
largely responsible for the breakdown of dopamine, 
particularly in the prefrontal cortex. This enzyme is 
encoded by the COMT gene, which contains a poly-
morphism of particular importance, an A/G SNP in 
the 158th codon resulting in a Valine to Methionine 
aminoacid change in the protein. The Methionine 
(A allele) shows 20-25% reduced activity compared 
to the Valine coding G allele (Lotta et al., 1995). The 
clarified, particular effect of this polymorphism ini-
tiated numerous association studies leading to an 
outstanding number of meta-analyses over the past 
10 years demonstrating a significant association with 
obsessive compulsive disorder (Azzam and Mathews, 
2003), ADHD (Cheuk and Wong, 2006), bipolar dis-

order (Zhang et al., 2009), cognitive effects (Barnett et 
al., 2008), suicidal behavior, personality traits (Calati 
et al., 2011). Further studies demonstrated associa-
tion between COMT genotype and hypnosis (Verecz-
kei et al., 2009), opiate dependence (Demetrovics et 
al., 2010) and methylphenidate response in ADHD 
(Kereszturi et al., 2008). 

Serotonergic components

The rate-limiting enzyme of serotonin synthesis is 
tryptophan hydroxylase, which is responsible for the 
conversion of tryptophan to L-hydroxytryptophan. 
The two main isoforms of this enzyme is coded by  
the TPH1 and TPH2 genes. Most related research has 
focused on two SNPs of TPH1, located in intron 7,  
and designated as A218C (rs1800532) and A779C 
(rs1799913). These polymorphisms have been searched  
for association with major depression (Gizatullin et 
al., 2006), schizophrenia (meta-analysis: Watanabe et 
al., 2007), borderline personality disorder (Maurex et 
al., 2009; Wilson et al., 2009) and suicide (Koller et al., 
2005; Baud et al., 2009; Galfalvy et al., 2009). Although 
the major part of related studies addressed the pos-
sible association of these SNPs and suicidal behavior, 
according to a recent meta-analysis it is connected to 
mental disorders in general with a secondary conse-
quence of elevated risk for suicide (Saetre et al., 2010). 

Serotonin receptors (5-hydroxytryptophan recep-
tor (5HTR) type 1-7) are even more abundant and 
diverse than dopamine receptors, with at least 14 sub-
types (Alex and Pehek, 2007). Here we present only 
the most frequently researched ones with their rel-
evant polymorphisms. The type 1A receptor (HTR1A) 
is widely expressed throughout the brain both as  
a postsynaptic receptor and as a somatodendritic 
autoreceptor. Wasserman and colleagues examined 
a sample of 272 suicide attempters and found no 
association with 5HTR1A genotypes, but showed  
a strong trend in case of suicidal behavior with a 
history of stressful life events (2006). In a combined 
sample of 411 suicide attempters and suicide victims 
and 443 control subjects no association was found 
with 5HTR1A and 5HTR2C polymorphism (Serretti 
et al., 2007). Hettema did not find significant associa-
tion between 5HTR1A, depression and anxiety related 
traits using a sample of 589 cases and 539 controls 
(2008). A meta-analysis in 2009 confirmed association 
between major depressive disorder (Kishi et al.) and 
5HTR1A polymorphisms, moreover, the most recent 
meta-analysis also confirmed a significant association 
between polymorphic variations of 5HTR1A and 
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major depression, but not with schizophrenia (Kishi 
et al., 2011). Seemingly there is a consequent connec-
tion between 5HTR1A genotypes and mood disorders.

The serotonin receptor type 2A (5HTR2A) is 
another example of the extensively studied receptor 
genes. Polymorphic variants of 5HTR2A have been 
scrutinized to reveal association with schizophrenia 
and mood disorders. An early study of 100 schizo-
phrenic patients and 103 control subjects did not find 
any association with 5HTR2A polymorphisms (Verga 
et al., 1997). A later family-based association study of 
a 5HT2RA polymorphism did not show significant 
effect with schizophrenia either (Spurlock et al., 1998). 
Chen and colleagues conducted a study on 471 schizo-
phrenic patients and 523 controls with the lack of sig-
nificant 5HTR2A association (2001). In support of the 
previously mentioned result a recent meta-analyses 
comprising 31 case-control studies confirmed this 
lack of association between 5HTR2A polymorphic 
variants and schizophrenia (Abdolmaleky et al., 2004). 
Nevertheless the question still remains open due to 
a novel study which demonstrated significant results 
with this gene and schizophrenia (Vaquero Lorenzo 
et al., 2006). A different line of studies attempted 
to find an association between 5HTR2A and mood 
disorders, also with contradictory results (Tsai et al., 
1999; Oswald et al., 2003). 

The rest of the serotonin (5HT) receptor genes are 
relatively understudied in connection with psychiatric 
disorders and personality traits, probably because 
their polymorphic structure is still poorly revealed. 
5HTR1B is mainly linked to mood disorders similarly 
to the above mentioned serotonin receptor genes. 
Nishiguchi and coworkers failed to demonstrate a 
significant effect between the 5HTR1B polymorphism 
and suicide on a Japanese sample of 163 suicide vic-
tims and 163 control subjects (Nishiguchi et al., 2001).  
A significant association was found between 5HTR1B 
and the inattentive subtype of ADHD in a recent 
family based study (Smoller et al., 2006). A lack of as-
sociation between 5HTR1B and alcohol dependence 
was reported on a sample of 322 alcohol dependent 
patients and 200 healthy controls (Lee et al., 2009).  
An early study of small sample size indicated the role 
of 5HTR2C Cys23Ser polymorphism in bipolar dis-
order in women (Gutierrez et al., 1996), the same 
polymorphism showed no association with schizo-
phrenia in a family-based study (Murad et al., 2001). 

The serotonin neurotransmitter is catabolized by 
monoamine oxydase A (MAO-A) and monoamine 
oxydase B (MAO-B) enzymes. Apparently the activity 
of MAO-A is higher (Shih and Chen, 1999). One of 

the most outstanding findings of the past decade of 
MAO-A gene was its moderating effect of antisocial 
behavior of maltreated children (Caspi et al., 2002). 
MAO-A VNTR polymorphism has been identified as 
a possible risk factor for major depressive disorder in 
an early study of 146 MDD patients and 101 subjects 
without a history of depression (Schulze et al., 2000). 
A later study of MAO-A VNTR showed association 
with major depression along with sleep disturbances 
(Du et al., 2004). In an Italian family-based study the 
effect of a MAO-A SNP but not the VNTR showed 
association with bipolar disorder (Muller et al., 2007).  

Research of the serotonin transporter is of unique 
importance since it is the common target of the sec-
ond generation of antidepressant medications. Its 
most widely studied polymorphism, the 5HTTLPR 
(5-hydroxytryptophan transporter linked polymor-
phic region) repeat variation is located in the promoter 
region of the gene. 5HTTLPR has two common forms, 
the 14 repeat or short form (S) and the 16 repeat long 
form (L), the short form of which can be described 
with smaller transcriptional activity compared to the 
long one, but there are conflicting findings, indicating 
a lack of difference in mRNA levels in human pons 
tissues (Lim et al., 2006). The gene contains an A/G 
SNP within the VNTR polymorphism, the transcrip-
tional activity of the Lg allele was found similar to 
the S allele. A 2003 study demonstrated a significant 
association between 5HTTLPR variants and violent 
suicide attempts in schizophrenia (Bayle et al., 2003) 
in search of the role of intermediate phenotypes such 
as aggression and impulsivity. A recent study provided 
further support for the role of 5HTTLPR genotypes 
in suicide (Gonda et al., 2010). Further support of the 
association of aggression and 5HTTLPR genotype 
was provided by a family-based association study 
conducted in a sample of healthy children (Haber-
stick et al., 2006). Bellivier and colleagues studied 
two polymorphisms in the serotonin transporter gene 
and their influence on the age of onset in patients 
with bipolar disorder (Bellivier et al., 2002). A further 
family-based study examined these polymorphisms 
in the background of bipolar disorder without find-
ing any significant association (Mansour et al., 2005).  
The presence of the 5HTTLPR short allele was found 
to be associated with major depression in subjects 
with a history a stressful life events (Caspi et al., 
2003), a finding recently confirmed by new evidence  
(Lazary et al., 2008; Lazary, 2010). 

The aim of this review was an overview of the 
most commonly studied gene polymorphisms of the 
dopaminergic and serotonergic systems in order to 
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provide an overall picture of their relation to psychi-
atric disorders and psychological traits. Although 
gene polymorphisms of the monoaminergic systems 
are present in numerous association studies of mood 
disorders, schizophrenia and ADHD, results of these 
candidate gene studies are still contradictory. There 
are multiple reasons for the conflicting results. The 
early studies operated with moderate sample sizes 
therefore they are statistically weak. Small sample 
sizes also carry the problem of the underrepresenta-
tion of rare genotypes, therefore results provided by 
them are consequently overruled by later researches. 
Another important contributor of contradictory re-
sults is the lack of functional description of observed 
polymorphisms. A further explanation of opposing 
findings is the choice of different polymorphism of 
the same gene across various studies. Finally, it is 
possible – as recent research trends point out – that 
employing diagnostic categories in search for genetic 
association might be misleading due to their highly 
complex nature, therefore the study of intermediate 
phenotypes, such as personality traits or cognitive 
performance might be more beneficial. Despite the 
contradictions and difficulties in psychiatric genetic 
research, detailed study of dopaminergic and sero-
tonergic gene polymorphisms are considered to have 
a promising application in the field of personalized 
medicine (Lazary et al., 2011). 

AMP levels by different human dopamine D4 receptor variants. 
J Neurochem, 65:1157-65.

4.	 Azzam, A., Mathews, C. A. (2003) Meta-analysis of the asso-
ciation between the catecholamine-O-methyl-transferase gene 
and obsessive-compulsive disorder. Am J Med Genet B Neu-
ropsychiatr Genet, 123B:64-9.

5.	 Barnett, J. H., Scoriels, L., Munafo, M. R. (2008) Meta-analysis 
of the cognitive effects of the catechol-O-methyltransferase 
gene Val158/108Met polymorphism. Biol Psychiatry, 64:137-
44.

6.	 Baud, P., Perroud, N., Courtet, P., Jaussent, I., Relecom, C., Jol-
lant, F., Malafosse, A. (2009) Modulation of anger control in 
suicide attempters by TPH-1. Genes Brain Behav, 8:97-100.

7.	 Bayle, F. J., Leroy, S., Gourion, D., Millet, B., Olie, J. P., Poirier, 
M. F., Krebs, M. O. (2003) 5HTTLPR polymorphism in schizo-
phrenic patients: further support for association with violent 
suicide attempts. Am J Med Genet B Neuropsychiatr Genet, 
119B:13-7.

8.	 Bellgrove, M. A., Hawi, Z., Lowe, N., Kirley, A., Robertson, I. 
H., Gill, M. (2005) DRD4 gene variants and sustained attention 
in attention deficit hyperactivity disorder (ADHD): effects of 
associated alleles at the VNTR and -521 SNP. Am J Med Genet 
B Neuropsychiatr Genet, 136B:81-6.

9.	 Bellivier, F., Leroux, M., Henry, C., Rayah, F., Rouillon, F.,  
Laplanche, J. L., Leboyer, M. (2002) Serotonin transporter gene 
polymorphism influences age at onset in patients with bipolar 
affective disorder. Neurosci Lett, 334:17-20.

10.	 Calati, R., Porcelli, S., Giegling, I., Hartmann, A. M., Moller, H. 
J., De Ronchi, D., Serretti, A., Rujescu, D. (2011) Catechol-o-
methyltransferase gene modulation on suicidal behavior and 
personality traits: review, meta-analysis and association study. 
J Psychiatr Res, 45:309-21.

11.	 Cardno, A. G., Marshall, E. J., Coid, B., Macdonald, A. M., 
Ribchester, T. R., Davies, N. J., Venturi, P., Jones, L. A., Lewis, 
S. W., Sham, P. C., Gottesman, II, Farmer, A. E., McGuffin, P., 
Reveley, A. M., Murray, R. M. (1999) Heritability estimates for 
psychotic disorders: the Maudsley twin psychosis series. Arch 
Gen Psychiatry, 56:162-8.

12.	 Caspi, A., McClay, J., Moffitt, T. E., Mill, J., Martin, J., Craig, I. 
W., Taylor, A., Poulton, R. (2002) Role of genotype in the cycle 
of violence in maltreated children. Science, 297:851-4.

13.	 Caspi, A., Sugden, K., Moffitt, T. E., Taylor, A., Craig, I. W., 
Harrington, H., McClay, J., Mill, J., Martin, J., Braithwaite, 
A., Poulton, R. (2003) Influence of life stress on depression: 
moderation by a polymorphism in the 5-HTT gene. Science, 
301:386-9.

14.	 Chen, R. Y., Sham, P., Chen, E. Y., Li, T., Cheung, E. F., Hui, T. 
C., Kwok, C. L., Lieh-Mak, F., Zhao, J. H., Collier, D., Murray, 
R. (2001) No association between T102C polymorphism of se-
rotonin-2A receptor gene and clinical phenotypes of Chinese 
schizophrenic patients. Psychiatry Res, 105:175-85.

15.	 Cheuk, D. K., Wong, V. (2006) Meta-analysis of association 
between a catechol-O-methyltransferase gene polymorphism 
and attention deficit hyperactivity disorder. Behav Genet, 
36:651-9.

16.	 Del Zompo, M., De Luca, V., Severino, G., Ni, X., Mulas, S., 
Congiu, D., Piccardi, M. P., Kennedy, J. L. (2007) Haplotype 
association study between DRD1 gene and bipolar type I affec-
tive disorder in two samples from Canada and Sardinia. Am J 
Med Genet B Neuropsychiatr Genet, 144B:237-41.

17.	 Demetrovics, Z., Varga, G., Szekely, A., Vereczkei, A., Csorba, 
J., Balazs, H., Hoffman, K., Sasvari-Szekely, M., Barta, C. (2010) 
Association between Novelty Seeking of opiate-dependent pa-
tients and the catechol-O-methyltransferase Val(158)Met poly-
morphism. Compr Psychiatry, 51:510-5.

REFERENCES

1.	 Abdolmaleky, H. M., Faraone, S. V., Glatt, S. J., Tsuang, M. T. 
(2004) Meta-analysis of association between the T102C poly-
morphism of the 5HT2a receptor gene and schizophrenia. 
Schizophr Res, 67:53-62.

2.	 Alex, K. D., Pehek, E. A. (2007) Pharmacologic mechanisms of 
serotonergic regulation of dopamine neurotransmission. Phar-
macol Ther, 113:296-320.

3.	 Asghari, V., Sanyal, S., Buchwaldt, S., Paterson, A., Jovanovic, 
V., Van Tol, H. H. (1995) Modulation of intracellular cyclic 

Aknowledgement: This work was supported by the National 
Fund OTKA K81466.

Abbreviations: Attention deficit hyperactivity disorder 
ADHD, tyrosine hydroxylase TH, Dopamine transporter DAT, 
single nucleotide polymorphism SNP, variable number of tan-
dem repeats VNTR, serotonin 5HT, 5-hydroxytryptophan 
transporter linked polymorphic region 5HTTLPR.

Correspondence: Maria Sasvari-Szekely, Institute of Medical 
Chemistry, Molecular Biology and Pathobiochemistry, Sem-
melweis University, H-1444 Budapest, POB 260, Hungary. 
e-mail: maria.sasvari@eok.sote.hu



Neuropsychopharmacologia Hungarica 2011. XIII. évf. 2. szám 98

R e v i e w � Gabor Varga, Anna Szekely and Maria Sasvari-Szekely

18.	 Dmitrzak-Weglarz, M., Rybakowski, J. K., Slopien, A., Czerski, 
P. M., Leszczynska-Rodziewicz, A., Kapelski, P., Kaczmarkie-
wicz-Fass, M., Hauser, J. (2006) Dopamine receptor D1 gene 

-48A/G polymorphism is associated with bipolar illness but not 
with schizophrenia in a Polish population. Neuropsychobiol-
ogy, 53:46-50.

19.	 Du, L., Bakish, D., Ravindran, A., Hrdina, P. D. (2004) MAO-A 
gene polymorphisms are associated with major depression and 
sleep disturbance in males. Neuroreport, 15:2097-101.

20.	 Feng, J., Sobell, J. L., Heston, L. L., Cook, E. H., Jr., Goldman, 
D., Sommer, S. S. (1998) Scanning of the dopamine D1 and D5 
receptor genes by REF in neuropsychiatric patients reveals a 
novel missense change at a highly conserved amino acid. Am J 
Med Genet, 81:172-8.

21.	 Furlong, R. A., Rubinsztein, J. S., Ho, L., Walsh, C., Coleman, 
T. A., Muir, W. J., Paykel, E. S., Blackwood, D. H., Rubinsztein, 
D. C. (1999) Analysis and metaanalysis of two polymorphisms 
within the tyrosine hydroxylase gene in bipolar and unipolar 
affective disorders. Am J Med Genet, 88:88-94.

22.	 Galfalvy, H., Huang, Y. Y., Oquendo, M. A., Currier, D., Mann, 
J. J. (2009) Increased risk of suicide attempt in mood disorders 
and TPH1 genotype. J Affect Disord, 115:331-8.

23.	 Giegling, I., Moreno-De-Luca, D., Calati, R., Hartmann, A. M., 
Moller, H. J., De Ronchi, D., Rujescu, D., Serretti, A. (2009) 
Tyrosine hydroxylase and DOPA decarboxylase gene variants 
in personality traits. Neuropsychobiology, 59:23-7.

24.	 Giegling, I., Moreno-De-Luca, D., Rujescu, D., Schneider, B., 
Hartmann, A. M., Schnabel, A., Maurer, K., Moller, H. J., Ser-
retti, A. (2008) Dopa decarboxylase and tyrosine hydroxylase 
gene variants in suicidal behavior. Am J Med Genet B Neu-
ropsychiatr Genet, 147:308-15.

25.	 Gizatullin, R., Zaboli, G., Jonsson, E. G., Asberg, M., Leopardi, 
R. (2006) Haplotype analysis reveals tryptophan hydroxylase 
(TPH) 1 gene variants associated with major depression. Biol 
Psychiatry, 59:295-300.

26.	 Gonda, X., Fountoulakis, K. N., Harro, J., Pompili, M., Akiskal, 
H. S., Bagdy, G., Rihmer, Z. (2010) The possible contributory 
role of the S allele of 5-HTTLPR in the emergence of suicidality. 
J Psychopharmacol. in press

27.	 Gutierrez, B., Fananas, L., Arranz, M. J., Valles, V., Guillamat, 
R., van Os, J., Collier, D. (1996) Allelic association analysis of 
the 5-HT2C receptor gene in bipolar affective disorder. Neuro-
sci Lett, 212:65-7.

28.	 Haberstick, B. C., Smolen, A., Hewitt, J. K. (2006) Family-
based association test of the 5HTTLPR and aggressive behav-
ior in a general population sample of children. Biol Psychiatry, 
59:836-43.

29.	 Hattori, H., Shirakawa, O., Nishiguchi, N., Nushida, H., Ueno, 
Y., Maeda, K. (2006) No evidence of an association between 
tyrosine hydroxylase gene polymorphisms and suicide victims. 
Kobe J Med Sci, 52:195-200.

30.	 Hettema, J. M., An, S. S., van den Oord, E. J., Neale, M. C., 
Kendler, K. S., Chen, X. (2008) Association study between the 
serotonin 1A receptor (HTR1A) gene and neuroticism, major 
depression, and anxiety disorders. Am J Med Genet B Neu-
ropsychiatr Genet, 147B:661-6.

31.	 Hibino, H., Tochigi, M., Otowa, T., Kato, N., Sasaki, T. (2006) 
No association of DRD2, DRD3, and tyrosine hydroxylase 
gene polymorphisms with personality traits in the Japanese 
population. Behav Brain Funct, 2:32.

32.	 Hou, Q. F., Li, S. B. (2009) Potential association of DRD2 and 
DAT1 genetic variation with heroin dependence. Neurosci 
Lett, 464:127-30.

33.	 Inayama, Y., Yoneda, H., Sakai, T., Ishida, T., Kobayashi, S., 
Nonomura, Y., Kono, Y., Koh, J., Asaba, H. (1993) Lack of  

association between bipolar affective disorder and tyrosine  
hydroxylase DNA marker. Am J Med Genet, 48:87-9.

34.	 Ishiguro, H., Arinami, T., Saito, T., Akazawa, S., Enomoto, M., 
Mitushio, H., Fujishiro, H., Tada, K., Akimoto, Y., Mifune, H., 
Shiozuka, S., Hamaguchi, H., Toru, M., Shibuya, H. (1998) Sys-
tematic search for variations in the tyrosine hydroxylase gene 
and their associations with schizophrenia, affective disorders, 
and alcoholism. Am J Med Genet, 81:388-96.

35.	 Johansson, S., Halleland, H., Halmoy, A., Jacobsen, K. K., 
Landaas, E. T., Dramsdahl, M., Fasmer, O. B., Bergsholm, P., 
Lundervold, A. J., Gillberg, C., Hugdahl, K., Knappskog, P. M., 
Haavik, J. (2008) Genetic analyses of dopamine related genes 
in adult ADHD patients suggest an association with the DRD5-
microsatellite repeat, but not with DRD4 or SLC6A3 VNTRs. 
Am J Med Genet B Neuropsychiatr Genet, 147B:1470-5.

36.	 Johnson, K. A., Kelly, S. P., Robertson, I. H., Barry, E., Mul-
ligan, A., Daly, M., Lambert, D., McDonnell, C., Connor, T. 
J., Hawi, Z., Gill, M., Bellgrove, M. A. (2008) Absence of the 
7-repeat variant of the DRD4 VNTR is associated with drifting 
sustained attention in children with ADHD but not in controls. 
Am J Med Genet B Neuropsychiatr Genet, 147B:927-37.

37.	 Jonsson, E. G., Nothen, M. M., Grunhage, F., Farde, L., Na-
kashima, Y., Propping, P., Sedvall, G. C. (1999) Polymorphisms 
in the dopamine D2 receptor gene and their relationships to 
striatal dopamine receptor density of healthy volunteers. Mol 
Psychiatry, 4:290-6.

38.	 Kendler, K. S. (2002) Hierarchy and heritability: the role of di-
agnosis and modeling in psychiatric genetics. Am J Psychiatry, 
159:515-8.

39.	 Kereszturi, E., Kiraly, O., Csapo, Z., Tarnok, Z., Gadoros, 
J., Sasvari-Szekely, M., Nemoda, Z. (2007) [Analysis of the 
dopamine D4 receptor gene variants in attention deficit hyper-
activity disorder]. Neuropsychopharmacol Hung, 9:11-8.

40.	 Kereszturi, E., Tarnok, Z., Bognar, E., Lakatos, K., Farkas, L., 
Gadoros, J., Sasvari-Szekely, M., Nemoda, Z. (2008) Catechol-
O-methyltransferase Val158Met polymorphism is associated 
with methylphenidate response in ADHD children. Am J Med 
Genet B Neuropsychiatr Genet, 147B:1431-5.

41.	 Kim, D. J., Park, B. L., Yoon, S., Lee, H. K., Joe, K. H., Cheon, 
Y. H., Gwon, D. H., Cho, S. N., Lee, H. W., NamGung, S., Shin, 
H. D. (2007) 5’ UTR polymorphism of dopamine receptor D1 
(DRD1) associated with severity and temperament of alcohol-
ism. Biochem Biophys Res Commun, 357:1135-41.

42.	 Kishi, T., Okochi, T., Tsunoka, T., Okumura, T., Kitajima, T., 
Kawashima, K., Yamanouchi, Y., Kinoshita, Y., Naitoh, H., In-
ada, T., Kunugi, H., Kato, T., Yoshikawa, T., Ujike, H., Ozaki, 
N., Iwata, N. (2011) Serotonin 1A receptor gene, schizophrenia 
and bipolar disorder: an association study and meta-analysis. 
Psychiatry Res, 185:20-6.

43.	 Kishi, T., Tsunoka, T., Ikeda, M., Kawashima, K., Okochi, T., 
Kitajima, T., Kinoshita, Y., Okumura, T., Yamanouchi, Y., Ina-
da, T., Ozaki, N., Iwata, N. (2009) Serotonin 1A receptor gene 
and major depressive disorder: an association study and meta-
analysis. J Hum Genet, 54:629-33.

44.	 Koller, G., Engel, R. R., Preuss, U. W., Karakesisoglou, A., Zill, 
P., Bondy, B., Soyka, M. (2005) Tryptophan hydroxylase gene 
1 polymorphisms are not associated with suicide attempts in 
alcohol-dependent individuals. Addict Biol, 10:269-73.

45.	 Kunugi, H., Kawada, Y., Hattori, M., Ueki, A., Otsuka, M., 
Nanko, S. (1998) Association study of structural mutations of 
the tyrosine hydroxylase gene with schizophrenia and Parkin-
son’s disease. Am J Med Genet, 81:131-3.

46.	 Kurumaji, A., Kuroda, T., Yamada, K., Yoshikawa, T., Toru, 
M. (2001) An association of the polymorphic repeat of tetra-
nucleotide (TCAT) in the first intron of the human tyrosine 



Neuropsychopharmacologia Hungarica 2011. XIII. évf. 2. szám 99

Candidate gene studies of dopaminergic and serotonergic polymorphisms� R e v i e w

hydroxylase gene with schizophrenia in a Japanese sample. J 
Neural Transm, 108:489-95.

47.	 Lazary, J. (2010) Serotonin transporter gene and negative life 
change events are associated with depressive phenotype. Neu-
ropsychopharmacol Hung, 12:347-54.

48.	 Lazary, J., Juhasz, G., Hunyady, L., Bagdy, G. (2011) Personal-
ized medicine can pave the way for the safe use of CB(1) recep-
tor antagonists. Trends Pharmacol Sci.

49.	 Lazary, J., Lazary, A., Gonda, X., Benko, A., Molnar, E., Juhasz, G.,  
Bagdy, G. (2008) New evidence for the association of the sero-
tonin transporter gene (SLC6A4) haplotypes, threatening life 
events, and depressive phenotype. Biol Psychiatry, 64:498-504.

50.	 Lee, S. Y., Lin, W. W., Huang, S. Y., Kuo, P. H., Wang, C. L., Wu, P. 
L., Chen, S. L., Wu, J. Y., Ko, H. C., Lu, R. B. (2009) The relation-
ship between serotonin receptor 1B polymorphisms A-161T 
and alcohol dependence. Alcohol Clin Exp Res, 33:1589-95.

51.	 Lim, J. E., Papp, A., Pinsonneault, J., Sadee, W., Saffen, D. 
(2006) Allelic expression of serotonin transporter (SERT) 
mRNA in human pons: lack of correlation with the polymor-
phism SERTLPR. Mol Psychiatry, 11:649-62.

52.	 Limosin, F., Loze, J. Y., Rouillon, F., Ades, J., Gorwood, P. 
(2003) Association between dopamine receptor D1 gene DdeI 
polymorphism and sensation seeking in alcohol-dependent 
men. Alcohol Clin Exp Res, 27:1226-8.

53.	 Lotta, T., Vidgren, J., Tilgmann, C., Ulmanen, I., Melen, K., Ju-
lkunen, I., Taskinen, J. (1995) Kinetics of human soluble and 
membrane-bound catechol O-methyltransferase: a revised 
mechanism and description of the thermolabile variant of the 
enzyme. Biochemistry, 34:4202-10.

54.	 Manor, I., Corbex, M., Eisenberg, J., Gritsenkso, I., Bachner-
Melman, R., Tyano, S., Ebstein, R. P. (2004) Association of the 
dopamine D5 receptor with attention deficit hyperactivity dis-
order (ADHD) and scores on a continuous performance test 
(TOVA). Am J Med Genet B Neuropsychiatr Genet, 127B:73-7.

55.	 Mansour, H. A., Talkowski, M. E., Wood, J., Pless, L., Bamne, 
M., Chowdari, K. V., Allen, M., Bowden, C. L., Calabrese, J., 
El-Mallakh, R. S., Fagiolini, A., Faraone, S. V., Fossey, M. D., 
Friedman, E. S., Gyulai, L., Hauser, P., Ketter, T. A., Loftis, J. 
M., Marangell, L. B., Miklowitz, D. J., Nierenberg, A. A., Pa-
tel, J., Sachs, G. S., Sklar, P., Smoller, J. W., Thase, M. E., Frank, 
E., Kupfer, D. J., Nimgaonkar, V. L. (2005) Serotonin gene 
polymorphisms and bipolar I disorder: focus on the serotonin 
transporter. Ann Med, 37:590-602.

56.	 Maurex, L., Zaboli, G., Wiens, S., Asberg, M., Leopardi, R., 
Ohman, A. (2009) Emotionally controlled decision-making 
and a gene variant related to serotonin synthesis in women 
with borderline personality disorder. Scand J Psychol, 50:5-10.

57.	 Muller, D. J., Serretti, A., Sicard, T., Tharmalingam, S., King, 
N., Artioli, P., Mandelli, L., Lorenzi, C., Kennedy, J. L. (2007) 
Further evidence of MAO-A gene variants associated with 
bipolar disorder. Am J Med Genet B Neuropsychiatr Genet, 
144B:37-40.

58.	 Munafo, M. R., Yalcin, B., Willis-Owen, S. A., Flint, J. (2008) 
Association of the dopamine D4 receptor (DRD4) gene and 
approach-related personality traits: meta-analysis and new 
data. Biol Psychiatry, 63:197-206.

59.	 Murad, I., Kremer, I., Dobrusin, M., Muhaheed, M., Ban-
noura, I., Muller, D. J., Schulze, T. G., Reshef, A., Blanaru, M., 
Gathas, S., Tsenter, V., Rietschel, M., Belmaker, R. H., Maier, 
W., Ebstein, R. P. (2001) A family-based study of the Cys23Ser 
5HT2C serotonin receptor polymorphism in schizophrenia. 
Am J Med Genet, 105:236-8.

60.	 Nemoda, Z., Lyons-Ruth, K., Szekely, A., Bertha, E., Faludi, G., 
Sasvari-Szekely, M. (2010) Association between dopaminer-
gic polymorphisms and borderline personality traits among 

at-risk young adults and psychiatric inpatients. Behav Brain 
Funct, 6:4.

61.	 Newman-Tancredi, A., Gavaudan, S., Conte, C., Chaput, C., 
Touzard, M., Verriele, L., Audinot, V., Millan, M. J. (1998) Ago-
nist and antagonist actions of antipsychotic agents at 5-HT1A 
receptors: a [35S]GTPgammaS binding study. Eur J Pharmacol, 
355:245-56.

62.	 Ni, X., Trakalo, J. M., Mundo, E., Macciardi, F. M., Parikh, S., 
Lee, L., Kennedy, J. L. (2002) Linkage disequilibrium between 
dopamine D1 receptor gene (DRD1) and bipolar disorder. Biol 
Psychiatry, 52:1144-50.

63.	 Nishiguchi, N., Shirakawa, O., Ono, H., Nishimura, A., Nush-
ida, H., Ueno, Y., Maeda, K. (2001) No evidence of an associa-
tion between 5HT1B receptor gene polymorphism and suicide 
victims in a Japanese population. Am J Med Genet, 105:343-5.

64.	 Novak, G., LeBlanc, M., Zai, C., Shaikh, S., Renou, J., DeLuca, 
V., Bulgin, N., Kennedy, J. L., Le Foll, B. (2010) Association of 
polymorphisms in the BDNF, DRD1 and DRD3 genes with to-
bacco smoking in schizophrenia. Ann Hum Genet, 74:291-8.

65.	 Nunokawa, A., Watanabe, Y., Kaneko, N., Sugai, T., Yazaki, S., 
Arinami, T., Ujike, H., Inada, T., Iwata, N., Kunugi, H., Sasaki, 
T., Itokawa, M., Ozaki, N., Hashimoto, R., Someya, T. (2010) 
The dopamine D3 receptor (DRD3) gene and risk of schizo-
phrenia: case-control studies and an updated meta-analysis. 
Schizophr Res, 116:61-7.

66.	 Oruc, L., Verheyen, G. R., Furac, I., Jakovljevic, M., Ivezic, S., 
Raeymaekers, P., Van Broeckhoven, C. (1997) Analysis of the 
tyrosine hydroxylase and dopamine D4 receptor genes in a 
Croatian sample of bipolar I and unipolar patients. Am J Med 
Genet, 74:176-8.

67.	 Oswald, P., Souery, D., Massat, I., Del-Favero, J., Linotte, S., Pa-
padimitriou, G., Dikeos, D., Kaneva, R., Milanova, V., Oruc, L., 
Ivezic, S., Serretti, A., Lilli, R., Van Broeckhoven, C., Mendle-
wicz, J. (2003) Lack of association between the 5HT2A recep-
tor polymorphism (T102C) and unipolar affective disorder in 
a multicentric European study. Eur Neuropsychopharmacol, 
13:365-8.

68.	 Pae, C. U., Kim, J. J., Serretti, A., Lee, C. U., Lee, S. J., Lee, C., 
Paik, I. H. (2003) VNTR polymorphism of tyrosine hydroxy-
lase gene and schizophrenia in the Korean population. Neu-
ropsychobiology, 47:131-6.

69.	 Persson, M. L., Wasserman, D., Geijer, T., Jonsson, E. G., Te-
renius, L. (1997) Tyrosine hydroxylase allelic distribution in 
suicide attempters. Psychiatry Res, 72:73-80.

70.	 Persson, M. L., Wasserman, D., Jonsson, E. G., Bergman, H., 
Terenius, L., Gyllander, A., Neiman, J., Geijer, T. (2000) Search 
for the influence of the tyrosine hydroxylase (TCAT)(n) repeat 
polymorphism on personality traits. Psychiatry Res, 95:1-8.

71.	 Reist, C., Ozdemir, V., Wang, E., Hashemzadeh, M., Mee, S., 
Moyzis, R. (2007) Novelty seeking and the dopamine D4 re-
ceptor gene (DRD4) revisited in Asians: haplotype characteri-
zation and relevance of the 2-repeat allele. Am J Med Genet B 
Neuropsychiatr Genet, 144B:453-7.

72.	 Ritchie, T., Noble, E. P. (2003) Association of seven polymor-
phisms of the D2 dopamine receptor gene with brain receptor-
binding characteristics. Neurochem Res, 28:73-82.

73.	 Sadahiro, R., Suzuki, A., Shibuya, N., Kamata, M., Matsumoto, 
Y., Goto, K., Otani, K. (2010) Association study between a 
functional polymorphism of tyrosine hydroxylase gene pro-
moter and personality traits in healthy subjects. Behav Brain 
Res, 208:209-12.

74.	 Saetre, P., Lundmark, P., Wang, A., Hansen, T., Rasmussen, H. 
B., Djurovic, S., Melle, I., Andreassen, O. A., Werge, T., Agartz, 
I., Hall, H., Terenius, L., Jonsson, E. G. (2010) The tryptophan 
hydroxylase 1 (TPH1) gene, schizophrenia susceptibility, and 



Neuropsychopharmacologia Hungarica 2011. XIII. évf. 2. szám 100

R e v i e w � Gabor Varga, Anna Szekely and Maria Sasvari-Szekely

suicidal behavior: a multi-centre case-control study and meta-
analysis. Am J Med Genet B Neuropsychiatr Genet, 153B:387-96.

75.	 Sander, T., Harms, H., Podschus, J., Finckh, U., Nickel, B., Rolfs, 
A., Rommelspacher, H., Schmidt, L. G. (1995) Dopamine D1, 
D2 and D3 receptor genes in alcohol dependence. Psychiatr 
Genet, 5:171-6.

76.	 Schoots, O., Van Tol, H. H. (2003) The human dopamine D4 
receptor repeat sequences modulate expression. Pharmacog-
enomics J, 3:343-8.

77.	 Schulze, T. G., Muller, D. J., Krauss, H., Scherk, H., Ohlraun, S., 
Syagailo, Y. V., Windemuth, C., Neidt, H., Grassle, M., Papas-
sotiropoulos, A., Heun, R., Nothen, M. M., Maier, W., Lesch, K. 
P., Rietschel, M. (2000) Association between a functional poly-
morphism in the monoamine oxidase A gene promoter and 
major depressive disorder. Am J Med Genet, 96:801-3.

78.	 Serretti, A., Mandelli, L., Giegling, I., Schneider, B., Hart-
mann, A. M., Schnabel, A., Maurer, K., Moller, H. J., Rujescu, 
D. (2007) HTR2C and HTR1A gene variants in German and 
Italian suicide attempters and completers. Am J Med Genet B 
Neuropsychiatr Genet, 144B:291-9.

79.	 Severino, G., Congiu, D., Serreli, C., De Lisa, R., Chillotti, C., 
Del Zompo, M., Piccardi, M. P. (2005) A48G polymorphism in 
the D1 receptor genes associated with bipolar I disorder. Am J 
Med Genet B Neuropsychiatr Genet, 134B:37-8.

80.	 Shahmoradgoli Najafabadi, M., Ohadi, M., Joghataie, M. T., 
Valaie, F., Riazalhosseini, Y., Mostafavi, H., Mohammadbeigi, 
F., Najmabadi, H. (2005) Association between the DRD2 A1 al-
lele and opium addiction in the Iranian population. Am J Med 
Genet B Neuropsychiatr Genet, 134B:39-41.

81.	 Shih, J. C., Chen, K. (1999) MAO-A and -B gene knock-out 
mice exhibit distinctly different behavior. Neurobiology (Bp), 
7:235-46.

82.	 Smoller, J. W., Biederman, J., Arbeitman, L., Doyle, A. E., 
Fagerness, J., Perlis, R. H., Sklar, P., Faraone, S. V. (2006) As-
sociation between the 5HT1B receptor gene (HTR1B) and the 
inattentive subtype of ADHD. Biol Psychiatry, 59:460-7.

83.	 Souery, D., Lipp, O., Mahieu, B., Mendelbaum, K., De Bruyn, 
A., De Maertelaer, V., Van Broeckhoven, C., Mendlewicz, J. 
(1996) Excess tyrosine hydroxylase restriction fragment length 
polymorphism homozygosity in unipolar but not bipolar pa-
tients: a preliminary report. Biol Psychiatry, 40:305-8.

84.	 Spurlock, G., Heils, A., Holmans, P., Williams, J., D’Souza, 
U. M., Cardno, A., Murphy, K. C., Jones, L., Buckland, P. R., 
McGuffin, P., Lesch, K. P., Owen, M. J. (1998) A family based 
association study of T102C polymorphism in 5HT2A and 
schizophrenia plus identification of new polymorphisms in the 
promoter. Mol Psychiatry, 3:42-9.

85.	 Squassina, A., Lanktree, M., De Luca, V., Jain, U., Krinsky, M., 
Kennedy, J. L., Muglia, P. (2008) Investigation of the dopamine 
D5 receptor gene (DRD5) in adult attention deficit hyperactiv-
ity disorder. Neurosci Lett, 432:50-3.

86.	 Stahl, S. M., Pradko, J. F., Haight, B. R., Modell, J. G., Rock-
ett, C. B., Learned-Coughlin, S. (2004) A Review of the Neu-
ropharmacology of Bupropion, a Dual Norepinephrine and 
Dopamine Reuptake Inhibitor. Prim Care Companion J Clin 
Psychiatry, 6:159-166.

87.	 Szilagyi, A., Boor, K., Szekely, A., Gaszner, P., Kalasz, H., Sas-
vari-Szekely, M., Barta, C. (2005) Combined effect of promoter 
polymorphisms in the dopamine D4 receptor and the serot-
onin transporter genes in heroin dependence. Neuropsycho-
pharmacol Hung, 7:28-33.

88.	 Thibaut, F., Ribeyre, J. M., Dourmap, N., Meloni, R., Laurent, 
C., Campion, D., Menard, J. F., Dollfus, S., Mallet, J., Petit, M. 
(1997) Association of DNA polymorphism in the first intron of 
the tyrosine hydroxylase gene with disturbances of the catecho-
laminergic system in schizophrenia. Schizophr Res, 23:259-64.

89.	 Tochigi, M., Otowa, T., Hibino, H., Kato, C., Otani, T., Umek-
age, T., Utsumi, T., Kato, N., Sasaki, T. (2006) Combined analy-
sis of association between personality traits and three function-
al polymorphisms in the tyrosine hydroxylase, monoamine 
oxidase A, and catechol-O-methyltransferase genes. Neurosci 
Res, 54:180-5.

90.	 Tsai, S. J., Cheng, C. Y., Shu, L. R., Yang, C. Y., Pan, C. W., 
Liou, Y. J., Hong, C. J. (2002) No association for D2 and D4 
dopamine receptor polymorphisms and methamphetamine 
abuse in Chinese males. Psychiatr Genet, 12:29-33.

91.	 Tsai, S. J., Hong, C. J., Hsu, C. C., Cheng, C. Y., Liao, W. Y., Song, 
H. L., Lai, H. C. (1999) Serotonin-2A receptor polymorphism 
(102T/C) in mood disorders. Psychiatry Res, 87:233-7.

92.	 Tsuchimine, S., Yasui-Furukori, N., Kaneda, A., Saito, M.,  
Nakagami, T., Sugawara, N., Kaneko, S. (2010) No association 
between polymorphism in tyrosine hydroxylase and personal-
ity traits in healthy Japanese subjects. Psychiatry Clin Neurosci, 
64:196-8.

93.	 Vandenbergh, D. J., Rodriguez, L. A., Hivert, E., Schiller, J. H., 
Villareal, G., Pugh, E. W., Lachman, H., Uhl, G. R. (2000) Long 
forms of the dopamine receptor (DRD4) gene VNTR are more 
prevalent in substance abusers: no interaction with functional 
alleles of the catechol-o-methyltransferase (COMT) gene. Am 
J Med Genet, 96:678-83.

94.	 Vaquero Lorenzo, C., Baca-Garcia, E., Diaz-Hernandez, M., 
Botillo-Martin, C., Perez-Rodriguez, M. M., Fernandez-Ra-
mos, C., Saiz-Gonzalez, M. D., Quintero-Gutierrez, F. J., Saiz-
Ruiz, J., Fernandez Piqueras, J., Gonzalez de Rivera, J. L., de 
Leon, J. (2006) Association between the T102C polymorphism 
of the serotonin-2A receptor gene and schizophrenia. Prog 
Neuropsychopharmacol Biol Psychiatry, 30:1136-8.

95.	 Vereczkei, A., Sasvari-Szekely, M., Barta, C. (2009) [The role of 
genetic variants of the dopaminergic system in heroin depend-
ence]. Neuropsychopharmacol Hung, 11:95-101.

96.	 Verga, M., Macciardi, F., Cohen, S., Pedrini, S., Smeraldi, E. 
(1997) No association between schizophrenia and the sero-
tonin receptor 5HTR2a in an Italian population. Am J Med 
Genet, 74:21-5.

97.	 Wasserman, D., Geijer, T., Sokolowski, M., Rozanov, V., Wasser-
man, J. (2006) The serotonin 1A receptor C(-1019)G polymor-
phism in relation to suicide attempt. Behav Brain Funct, 2:14.

98.	 Watanabe, Y., Nunokawa, A., Kaneko, N., Someya, T. (2007) 
The tryptophan hydroxylase 1 (TPH1) gene and risk of schizo-
phrenia: a moderate-scale case-control study and meta-analy-
sis. Neurosci Res, 59:322-6.

99.	 Wilson, S. T., Stanley, B., Brent, D. A., Oquendo, M. A., Huang, 
Y. Y., Mann, J. J. (2009) The tryptophan hydroxylase-1 A218C 
polymorphism is associated with diagnosis, but not suicidal 
behavior, in borderline personality disorder. Am J Med Genet 
B Neuropsychiatr Genet, 150B:202-8.

100.	 Yang, B., Chan, R. C., Jing, J., Li, T., Sham, P., Chen, R. Y. (2007) 
A meta-analysis of association studies between the 10-repeat 
allele of a VNTR polymorphism in the 3’-UTR of dopamine 
transporter gene and attention deficit hyperactivity disorder. 
Am J Med Genet B Neuropsychiatr Genet, 144B:541-50.

101.	 Zhang, C., Fang, Y., Xie, B., Cheng, W., Du, Y., Wang, D., Yu, S. 
(2010) No genetic association between dopamine D1 receptor 
gene and [early onset] schizophrenia. Psychiatry Res, 177:350-3.

102.	 Zhang, Z., Lindpaintner, K., Che, R., He, Z., Wang, P., Yang, P., 
Feng, G., He, L., Shi, Y. (2009) The Val/Met functional poly-
morphism in COMT confers susceptibility to bipolar disorder: 
evidence from an association study and a meta-analysis. J Neu-
ral Transm, 116:1193-200.

103.	 Zou, Y. F., Wang, F., Feng, X. L., Li, W. F., Tian, Y. H., Tao, J. H., 
Pan, F. M., Huang, F. (2010) Association of DRD2 gene polymor-
phisms with mood disorders: A meta-analysis. J Affect Disord.



Neuropsychopharmacologia Hungarica 2011. XIII. évf. 2. szám 101

Candidate gene studies of dopaminergic and serotonergic polymorphisms� R e v i e w

A pszichiátriai genetikai asszociáció vizsgálatok legtöbbet vizsgált kandidáns génjei a mono-
amin neurotranszmitter rendszerek komponensei, melyek közül a szerotonin és dopamin 
transzmitterek komponensei kiemelkedő figyelmet kaptak hangulati és kognitív folyamatok 
szabályozásában betöltött szerepük miatt. A jelen összefoglalóban a szerotonin és dopamin 
rendszer receptorainak, transzportereinek és bontóenzimeinek leggyakrabban vizsgált génvál-
tozataira vonatkozó fontosabb eredményeket tekintjük át. Számos esetben mutattak ki szigni-
fikáns asszociációt szerotonerg és dopaminerg polimorfizmusok és diagnosztikai kategóriák, 
személyiségvonások, kognitív funkciók között. A monoamin génváltozatok kapcsolata diag-
nosztikai kategóriákkal és pszichológiai jellemezőkkel ugyanakkor gyakran ellentmondásos. 
Ezek az ellentmondások részben magyarázhatóak a korai vizsgálatok alacsony elemszámaival, 
a módszertani heterogenitással és a polimorfizmusok funkcióit érintő ismeretek fokozatos 
bővülésével. Összességében azonban elmondható, hogy a pszichogenetikai kutatások fontos 
szerepet töltenek be az egyénre szabott gyógyszerterápia kialakításában.

Kulcsszavak: polimorfizmus, szerotonin, dopamin, asszociációs vizsgálat, mentális zavarok, 
személyiségvonások

Dopaminerg és szerotonerg polimorfizmusok kandidáns  
génvizsgálatai


