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Abstract BACKGROUND: Pharmakological approach is the most effective way of treatment 
of ADHD and  its early application prevents from the progress of secondary disor-
ders. The study on present neurotransmitter systems in pathology of ADHD can be 
helpful in selecting appropriate drug, since there are used various substances with 
different mechanisms of functioning in treatment of the hyperkinetic syndrome. 
METHOD: Within our study there were selected the genes of dopaminergic (DRD2, 
DRD3, DAT1), noradrenergic (DBH) and serotoninergic (5-HTT) systems. With 
the use of molecular-genetic methods based on association strategy “case-con-
trol“ there were analysed genes including 11 polymorphisms. The presence of risk 
alleles was examined in comparison of the sample of 100 ADHD children to a 
control group of another 100 subjects, who were checked by child psychiatrists and 
examined with the Conners test in order to exclude eventual cases with ADHD 
symptoms. RESULTS: Our research suggests the association of some genes with 
ADHD. It could be concluded: 1) the risk of ADHD is significantly increased in 
the presence of one risk allele in genes DRD2 (O.R.= 7,5), 5-HTT (O.R.= 2,7) and 
DAT1 (O.R.= 1,6). 2) The risk of ADHD is significantly increased at homozygotes 
for risk alleles in genes DRD2 (O.R.= 54,8), 5-HTT (O.R.= 6,7) and DAT1 (O.R.= 
6,6). For polymorphisms G444A and C1603T in DBH, which were detected by 
univariant analysis, haplotype analysis was performed and resulted in conclusion 
that: 3) the risk of ADHD is significantly increased in the presence of allele DBH 
+444A as well as in the presence of allele DBH +1603T (O.R.= 15).
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Abbreviations 
5-HTT	 – serotonin transporter
ADHD	 – Attention-deficit/hyperactivity Disorder
DAT1	 – dopamine transporter
DBH	 – dopamine-beta-hydroxylase
DRD(1-5)	 – genes for dopamine receptors (1-5)
DSM-IV	 – �The Diagnostic and Statistical Manual of Mental 

Disorder, 4th edition
EDTA	 – ethylenediaminetetraacetic acid 
GABA	 – gamma-aminobutyric acid
HTR1B	 – 5-hydroxytryptamine (serotonin) receptor 1B
HWE	 – Hardy-Weinberg equilibrium	

LD	 – linkage disequilibrium
MR	 – magnetic resonance
O.R. 	 – odds ratio
PET	 – positron emission tomography
RFLP 	 – restriction fragment length polymorphism
SNAP 24	 – synaptosomal-associated protein 24
SNP	 – single nucleotide polymorphism
UTR	 – untranslated region
VNTR 	 – variable number of tandem repeats

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a 
clinical disorder characterized by an impulsivity, hyper-
activity and inattentiveness. The symptoms appear 
early in a child’s development, some of them persist 
to the adult age (40–50%), although they subside with 
age. The comorbides are associated at 50–80% of the 
patients [22], the most often behavioral deficiency, anx-
iety, depression, learning disabilities and problems with 
sleeping [5]. ADHD children have also frequently addi-
tional health problems in particular asthma and allergy. 
Estimations of prevalence are different due to diagnos-
tic criteria. Nowadays, The Diagnostic and Statistical 
Manual of Mental Disorder, 4th edition, DSM-IV (3–6% 
afflicted children) distinguishes between three types of 
disorder: 1) combined type, 2) ADHD with dominance 
of inattentiveness, 3) ADHD with dominance of hyper-
activity and impulsivity. 

In neuro-imagines studies (MR, PET) there were 
described: decrease volume of basal ganglia, frontal and 
prefrontal cortex and decrease of metabolic activity in 
frontal cortex, together with compensatory increase of 
metabolic activity in basal ganglia. ADHD is a complex 
genetic disorder. The heredity and prenatal pathology 
are dominant theories of ADHD etiology with a multi-
factorious pattern of inheritance [11], involving many 
susceptibility genes with a smaller or greater effect [38]. 
More than thirty genes of dopaminergic, noradrener-
gic, serotoninergic and GABA-ergic systems are studied 
with connection of this disorder. These genes may take 
part in the development of the hyperkinetic disorder, 
and thus also of the whole range of comorbide psychi-
atric diseases in children, adolescents and grown-ups 
[10].  Following genes probably determine partially 
basal ganglia and prefrontal and frontal cortex func-
tion. For instance: Durston et al., 2005 showed that 
DAT1 gene expressed predominantly in the basal gan-
glia, preferentially influences caudate volume, whereas 
the DRD4 gene, a gene expressed predominantly in the 

prefrontal cortex, preferentially influences prefrontal 
grey matter volume [13]. Some consistent results were 
obtained in genes: DRD4, DRD5, DAT1, DBH, 5-HTT, 
HTR1B and SNAP 24 [1, 13, 16, 19, 27, 32, 34, 40, 41] in 
other are more conflict results in DRD3, DRD2 [6, 43], 
but in Czech population were described some positive 
results especially in DRD2 [36]. 

In our study we selected genes of dopamine recep-
tors DRD2 and DRD3, dopamine transporter DAT1, 
enzyme dopamine-beta-hydroxylase DBH and sero-
tonin transporter 5-HTT. In these genes we examined 
11 polymorphisms (Table 1). The dopamine trans-
porter is localised in the presynaptic membrane and its 
function consist in reuptake of released dopamine back 
into the presynaptic neurons. The importance of the 
DAT1 gene is connected with the mechanism of stim-
ulants effect, that blocking the dopamine transporter 
coded by this gene and thus increasing the concentra-
tion of dopamine in the synaptic gap [9, 42]. 5-HTT 
is gene, which codes serotonin transporter, its function 
is similar as dopamine transporter only with difference 
in transferred neurotransmitter respectively serotonin. 
Dopamine receptors DRD2 and DRD3 are localised in 
the post and presynaptic membrane, these play a crucial 
role via inhibition of the adenylate cyclase and produc-
tion of cAMP. 

DBH is an enzyme responsible for the conversion of 
dopamine into norepinephrine. In its feedback, it inhib-
its an enzyme tyrosine-hydroxylase, which reduces the 
production of dopamine. Decreased activities of DBH 
in serum and urine were found in the patients with 
hyperkinetic syndrome [18, 32, 33]. The association 
between allelic variations in DBH gene and ADHD were 
approved in some studies [16, 25]. There were observed 
polymorphisms G444A, G910T, C1603T, C1912T, C-
1021T, 5´-ins/del and TaqI, what were examined in our 
study. However, what polymorphisms play the main 
role in this process is not known yet.

Hypotheses of our study: 1) Relatively exhausting 
sampling design of patients and controls (excluding 
comorbid disorders) results in more exact results [37]. 
2) Study of more polymorphisms of DBH elevated pos-
sibility of the positive results (higher in carriers of the 
some polymorphic alleles) [2, 3]. 3) We anticipate rep-
etition of positive results of some study in DRD2 gene 
[36] in Czech population.

Methods and material

Experimental groups 
We examined two experimental groups. Two blind 
independent graduated children and adolescent psy-
chiatrists examined both groups of children. Both child 
psychiatrists confirmed DSM IV diagnose of combine 
type in ADHD group: age 6–11, IQ > 80, comorbid dis-
orders (conduct disorder, dyslexia, and others) were 
excluded and Conners Scale for Parents, Czech version 
Paclt, 1998 [31] ≥ 30 (this means ≥ 2 sigma). Number of 
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Table 1:  View of examined polymorphisms, their localisation, SNP ID, molecular matter, risk alleles and manifestation.  
Grey: polymorphisms in DBH.

polymorphisms localisation refSNP ID molecular matter risk allele manifestation

DBH C-1021T 
(RFLP)

-1021
promotore

rs1611115 C>T -1021T
(without restriction site)

↓expression 
of mRNA

DBH 5´-ins/del -4784-4803
promotore

19bp inzerce/delece delece ↓ expression of mRNA

DBH G444A
(RFLP)

Exon 2 rs1108580 G>A
Glu148Glu

444A (Glu148)
(without restriction site) 

alteration in splicing →↓ 
amount of maturated mRNA

DBH G910T
(RFLP)

Exon 5 rs4531 G>T   
Ala304Ser

910T (Ala304)
(without restriction site) 

↓ homospecifity of enzyme

DBH C1603T 
(RFLP)

Exon 11 rs6271 C>T   
Arg535Cys

1603T (Arg535)
(without restriction site) 

↓ homospecifity of enzyme

DBH C1912T 
(RFLP)

Exon 12 rs129882 C>T 
Arg638Cys

1912T (Arg638)
(without restriction site) 

↓ stability of mRNA

DBH TaqI
 (RFLP)

Intron 5 rs2519152 T>C TaqI B1 (C)
(without restriction site) 

? alteration in splicing

DRD2 TaqI
(RFLP)

9,5 kb downstream    
from  3´-UTR

rs1800497 T>C TaqI A1 (C)
(without restriction site) 

↓ stability of mRNA
↓ translation

DRD3 Ser9Gly 
(RFLP)

Exon 1 rs6280 C>T 
Ser9Gly

456T (Ser9)
(without restriction site) 

↓ affinity to dopamine

DAT1
 (VNTR)

Exon 5 40bp VNTR alela 10 ↑ expression of mRNA

5-HTT 
(VNTR)

5´-UTR 20-23bp VNTR alela l (16) ↑ expression of mRNA

Table 2:   View of primers, restriction enzymes, PCR conditions and cleaving conditions of each polymorphism.    
Grey: polymorphisms in DBH.

primers PCR conditions Restriction enzymes

DBH C-1021T
RFLP

F: 5´-GGA GGG ACA GCT TCT AGT CC-3´
R: 5´-CAC CTC TCC CTC CTG TCC TCT CGC-3´

Zabetian et al., 2003 HhaI (37°C; 0,2U;20µl)
Cleaved allele C

DBH 5´-ins/del
VNTR

F: 5´-GCA AAA GTC AGG CAC ATG CAC C-3´
R: 5´-CAA TAA TTT GGC CTC AAT CTT GG-3´

Cubells et al., 2000

DBH G444A
RFLP

F: 5´-CCT GGA GCC CAG TGC TTG TC-3´
R: 5´-ACG CCC TCC TGG GTA CTC GC-3´

Cubells et al., 1998 EcoNI (37°C;0,5U;15µl)
Cleaved allele G 

DBH G910T
RFLP

F: 5´-GCC CTC TCA GGA CAC ACC-3´
R:  5´-ACA CAG CTG AGT CCT AGG G-3´

Hot start 95°C 5min, 3+3+25 cycles 
95°C/1min, 66, 64, 62°C/1min, 72°C/1min, 
final extension 72°C/10min.

MwoI (60°C; 2U; 20µl)
Cleaved allele G

DBH C1603T
RFLP

F: 5´-CCA GGG ACA GGA CTC GAG TTG-3´
R: 5´-AGC AGT TTG GAG TGC AGA CCC-3´

Zabetian et al., 2003 BstUI (60°C; 1U; 20µl)
Cleaved allele C

DBH C1912T
RFLP

F: 5´- CCC ATG GAA CAG CCG TGC AC-3´
R: 5´-ACA CCC TCT CAG CCA TGC AG-3´

Zabetian et al., 2003 ApaLI (37°C; 1U; 20µl)
Cleaved allele C

DBH  TaqI
RFLP

F: 5´-CTG GAA GTT CAC TAC CAC-3´
R: 5´-GTC GTT TCG TCC TGG GAG-3´

Hot start 95°C 5min, 30 cycles 95°C/1min, 
62°C/1min, 72°C/4min, final extension 
72°C/10min. 

TaqI (60°C 0,5U; 20µl)
Cleaved allele B2

DRD2 TaqI
RFLP

F: 5´-ACG GCT GGC CAA GTT GTC TA-3´
R: 5´-ACC CTT CCT GAG TGT CAT CA-3´

Hot start 94°C 5min, 35 cycles 95°C/1min, 
62°C/1min, 72°C/1min, final extension 
72°C/10min.

TaqI (65°C; 1U; 20µl )
Cleaved allele A2

DRD3 Ser9Gly
RFLP

F: 5´-GCT CTA TCT CCA ACT CTC ACA-3´
R: 5´-AAG TCT ACT CAC CTC CAG GTA-3´

Hot start 95°C 5min, 32 cycles 95°C/1min, 
56°C/1min, 72°C/1min, final extension 
72°C/10min.

BalI/MscI 
(37°C;1U; 20µl)
Cleaved allele A2

DAT1
VNTR

F: 5´-TGT GGT GTA GGG AAC GGC CTG AG -3´
R: 5´-CTT CCT GGA GGT CAC GGC TCA AGG 
-3´

Hot start 95°C 5min, 30 cycles 95°C/1min, 
66°C/1,5min, 72°C/1,5min, final extension 
72°C/10min.

-

5-HTT
VNTR

F: 5´-ATG CCA GCA CCT AAC CCC TAA TGT-3´
R: 5´-GGA CCG CAA GGT GGG CGG GA-3´

Hot start 95°C 5min, 30 cycles 95°C/1min, 
64°C/1min, 72°C/2min, final extension 
72°C/15min.

-
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patients: 100, boys: girls ratio 89:11. In con-
trol group: age 6–11, IQ > 80, by DSM IV cri-
teria, were excluded all psychiatric disorder 
in two child psychiatric independent exami-
nation and Conners Scale for Parents, scale 
for Teachers: Czech version Paclt, 1998 [31] 
≤ 1 sigma. Number of controls: 100, boys: 
girls ratio 63:37.

Examined polymorphisms
We have studied 11 polymorphisms in 
the dopaminergic genes DRD2, DRD3, 
DAT1; serotoninergic gene 5-HTT and 
noradrenergic gene DBH (Table 1). DNA 
was extracted from peripheral blood with 
EDTA by Gentra kit or from saliva by kit 
OraGene according to routine protocol. 
The target sequences of DNA were ampli-
fied by PCR using the thermostabile poly-
merase TaqI, dNTP´s, buffer and specifically 
designed primers. This method was applied 
for both polymorphisms: variable number of 
tandem repeats VNTR (DAT1, 5‑HTT) and 
DBH 19 bp ins/del and restriction fragment 
length polymorphism RFLP (DBH C-1021T, 
DBH G444A, DBH G910T, DBH C1603T, 
DBH C1912T, DBH TaqI, DRD2 TaqI and 
DRD3 Ser9Gly). Afterwards the PRC prod-
ucts were digested (only in RFLP method) 
and separated on 2% agarose gels. Bands 
were visualised using ethidium bromide and 
UV transluminator. Accurate conditions are 
presented in table 2.

Statistical analysis
Statistical analysis was performed for two 
models, allelic model, when the risk of dis-
ease is in the presence of one risk allele, and 
recessive model, when only two alleles rep-
resent the risk of disease. The analysis of 
Hardy-Weinberg equilibrium (HWE) and 
comparisons between the ADHD children 
and the group of control children was per-
formed using chi-square test. Consequently, 
the  sex correction was executed in all the 
polymorphisms. A regression analysis was 
applied to testing two polymorphisms G444A 
and C1603T in DBH, which were detected by 
univariant analysis.

Results

Tables 3 and 4 present observed data of the 
molecular-genetic analysis. The results of 
our research suggest an association of the 
genes DRD2, DAT1, DBH and 5-HTT with 
ADHD (P<0,05) (Table 5). Sex correction did 
not exclude any of polymorphisms (P<0,05). 

Table 3: Observed genotypes in the group of ADHD patients.

polymorfisms genotype 1
(alleles 11)

genotype 2
(alleles 12)

genotype 3
(aleles 22) total

DBH      C-1021T 69 (CC) 25 (CT) 6 (TT) 100
19 bp ins/
del 39 (ins) 37 (i/d) 24 (del) 100

G444A 18 (GG) 55 (AG) 27 (AA) 100

G910T 85 (GG) 12 (GT) 3 (TT) 100

C1603T 85 (CC) 15 (CT) 0 (TT) 100

C1912T 78 (CC) 19 (CT) 3 (TT) 100

TaqI 20 (22) 49 (12) 31 (11) 100

DRD2     TaqI 24 (22) 40 (12) 36 (11) 100

DRD3     Ser9Gly 2 (22) 55 (12) 43 (11) 100

DAT1     VNTR 2 (9/9) 39 (9/10) 59 (10/10) 100

5-HTT    VNTR 16 (ss) 55 (sl) 29(ll) 100

Table 4: Observed genotypes in the control group.

polymorfismus genotype 1 
(alleles 11)

genotype 2 
(alleles 12)

genotype 3 
(alleles 22) total

DBH        C-1021T 77 (CC) 23 (CT) 0 (TT) 100

19 bp ins/del 40 (ins) 41  (i/d) 19 (del) 100

G444A 28 (GG) 57 (AG) 15 (AA) 100

G910T 83 (GG) 17 (GT) 0 (TT) 100

C1603T 98 (CC) 2 (CT) 0 (TT) 100

C1912T 86 (CC) 14 (CT) 0 (TT) 100

TaqI 21  (22) 51  (12) 28 (11) 100

DRD2      TaqI 73  (22) 25  (12) 2 (11) 100

DRD3      Ser9Gly 17  (22) 32 (12) 51 (11) 100

DAT1      VNTR 11 (9/9) 40 (9/10) 49 (10/10) 100

5-HTT     VNTR 48  (ss) 39 (sl) 13 (ll) 100

Table 5:  View of P values (values which define significance of results, for 
significant results P<0,05), and O.R. (odds ratio; defines risk of disease when the 
risk allele – allelic model - or alleles – recessive model - are presented). 

gene polymorphisms model P value O.R.

DRD2 TaqI allel 3,74e-18 7,50
DRD2 TaqI recess 1,83e-13 54,75
5-HTT VNTR allel 1,37e-06 2,70
5-HTT VNTR recess 7,20e-06 6,70
DAT1 VNTR allel 3,08e-02 1,64
DAT1 VNTR recess 7,50e-03 6,62
DBH G444A allel 2,78e-02 1,57
DBH G444A recess 1,84e-02 2,80
DBH C1021T recess 1,37e-02 13,71
DBH C1603T allel 1,27e-03 8,03
DBH C1603T recess 1,00e+00 1,15
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The logistic regression for polymorphisms G444A and 
C1603T in DBH showed, that risk with presence of 
both polymorphisms is higher than in presence either 
of polymorphisms (G444A singly O.R.= 1,5; C1603T 
singly O.R.= 8,03; both in common O.R.= 15). This 
means that effect of polymorphisms is additive. 

Discussion 

The results of this study note the polymorphisms in 
genes DRD2, 5-HTT, DAT1 and DBH as associated 
with ADHD. ADHD risk is significantly higher in car-
riers of the risk allele TaqI A1 in the DRD2 gene (7,5x), 
allele l in 5-HTT (2,7x) and allele 10 in DAT1 (1,6x); 
2) ADHD risk is significantly higher in homozygous 
for above-mentioned alleles in genes DRD2 (54,8x), 
5-HTT (6,7x) and DAT1 (6,6x); 3) ADHD risk is sig-
nificantly higher in carriers of the polymorphism allele 
DBH +444A that are carriers of the polymorphism 
allele DBH +1603T at the same time (15x).

These results reasserted some conclusions of previ-
ous association studies and also studies in vivo and in 
vitro. Duan et al., 2003 [12] found out that polymor-
fism TaqI in DRD2 is in strong LD with SNP C957T, 
that in vitro study showed 50% decrease of translation 
activity in presence of allele 957T, probably owing to 
decreased stability of mRNA; Hirvonen et al., 2005 [21] 
in vivo examined the significant interference at binding 
potential of striatal DRD2 receptors by polymorfism 
C957T. It is probable that polymorfism TaqI (or another 
one in LD) contributes to decrease in translation and 
also in lower availability of DRD2 receptors. In DAT1 
the coherence between allele 10 and increased activ-
ity was detected in experiments in vitro in substantia 
nigra [28], in COS cells [17], and also in vivo [29]. Also 
allele l in 5-HTT leads to higher transcriptional activ-
ity [20, 26, 14]. Zabetian et al., 2001 [45] showed that 
lower gene expression is strong associated with ‑1021T 
allele in promotore region in DBH gene. G444A poly-
morphism may alter efficiency of splicing and thus may 
alter amount of matured mRNA and final DBH protein 
[24]. These results correspond with some variability in 
DBH genes studies [1, 8, 23]. This is important to study 
more DBH alleles.  However, some other data are still 
conflicting in various polymorphisms [6, 43, 44].

We confirmed the importance of exhaustive design 
of study groups – patients and controls [37].  More 
detailed analysis, elaborating some results of this paper, 
will be published in future. Research in candidate 
gene studies of ADHD like association studies (case-
controls) and family-based designs are still important 
method for replicated results [15]. 

The study of various neurotransmitter systems might 
help to choose the right pharmacology drug in the 
future with regard to utilization of drugs with different 
operation mechanism in treatment of ADHD [27].
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