






































































































































DAT1 VNTR
nl1=11 (9.61)

n12=40 (42.78)
n22=49 (47.61)

p=0.515798

n11=2 (4.62)
n12=39 (33.76)
n22=59 (61.62)

p=0.120222

[)<->[2]
Odds_ratio=1.640
C.1=[1.045-2.576]
chi2=4.66
p=0.03084 (P)

[21<>[1]
0Odds_ratio=0.610
C.1=[0.388-0.957]

Rizikov4 al

[11]<->[12]
Odds_ratio=5.362
C.I=[1.116-25.772]
chi2=5.22
p=0.02235

Oc
C. .

chi2=7.15
p=0.00750

Rizikov4 alela 1

[22]<->[12]
0Odds_ratio=0.810
C.1.=[0.453-1.448]

[22]<->{11]
Odds_ratio=0.151
C.1=[0.032-0.714]

chi2=4.76
p=0.02917

common odds ratio
Odds_ratio=0.559

chi2=0.03
p=0.85955 (P)

[2}<-=>[1]
Odds_ratio=0.939
C.1=[0.469-1.880]

chi2=0.84
p=035929

chi2=2.88
p=0.08968

Rizikov4 alela 1

[22]<->[12]
Odds_ratio=0.102
C.1=[0.005-2.156]

[22}<->{11]
Odds_ratio=0.146
C.1.=[0.007-2.876]

chi2=4.66 chi2=0.51 chi2=7.15 chi2=4.76
p=0.03084 (P) p=047AA1 p=0.00750 p=0.02917
DBH G910T
nl11=83 (83.72)  nl1=85 (82.81)
nl2=17 (15.55)  nl12=12(16.38)
n22=0 (0.72) n22=3 (0.81) Rizikov4 alela 2
[1]<->[2] [11]<->[12] [11]}<->[22] common odds ratio
Odds_ratio=1.065 Odds_ratio=0.689 Odds_ratio=6.836 Odds_ratio=1.701
p=0.352909 p=0.007495 C.1=[0.532-2.131] C.1=[0.310-1.532] C.1.=[0.348-134.388]

chi2=0.03
p=0.86553

cominon odds ratio
Odds_ratio=0.902

p=0.110495

p=0.275789

[1]<=>12]
Odds_ratio=1.556
C.1.=[1.049-2.308]
chi2=4.84
p=0.02778 (P)

[21<->[1]
Odds_ratio=0.643
C.1.=[0.433-0.954]
chi2=4.84
=0.02778 (P)

[11}<->[12]
0Odds_ratio=1.501
C.1=[0.747-3.018]
chi2=1.31
p=0.25316

[11]<->[22]
0Odds_ratio=2.800
C.1=[1.178-6.653]
chi2=5.56
p=0.01838

Rizikov4 alela 1

[22]<->{12]
Odds_ratio=0.536
C1=[0.258-1.114]
chi2=2.83
=0.09270

122]<->[11]
Odds_ratio=0.357
C.1.=[0.150-0.849]
chi2=5.56
p=0.0107°

chi2=0.03 chi2=3.75 chi2=2.88 chi2=0.03
p=0.85955 (P) p=0.05275 p=0.08968 p=0.86553

DBH G444A

nl1=28 31.92)  nl1=18 (20.70)

n12=57 (49.16)  n12=55 (49.59)

n22=15(18.92)  n22=27 (29.70) Rizikov4 alela 2

common odds ratio
Odds_ratio=1.671

chi2=5.51
p=0.01896

common odds ratio
Odds_ratio=0.599

chi2=5.51
=0.01896
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DBH Tagq]l

n11=21 (21.62)
nl2=51 (49.76)
n22=28 (28.62)

n11=20 (19.80)
112=49 (49.40)
n22=31 (30.80)

[]<->[2]
Odds_ratio=1.084

Rizikov4 alela 2

[11]<->[12]
Odds_ratio=1.009

[11]<->[22]
Odds_ratio=1.163

common odds ratio
0Odds_ratio=1.082

p=0.802412 p=0.936263 C.1=[0.731-1.607} C.1.=[0.488-2.087] C.1.=[0.524-2.581]
chi2=0.16 ¢hi2=0.00 chi2=0.14 chi2=0.16
p=0.68796 (P) p=0.98111 p=0.71129 p=0.68674
Rizikov4 alela 1
[2]<->[1] [22}<->[12] [22]<->[11] common odds ratio
Odds_ratio=0.923 Odds_ratio=0.868 Odds_ratio=0.860 Odds_ratio=0.924
C.1.=[0.622-1.368] C.1.=[0.456-1.652] C.1.=[0.387-1910]
chi2=0.16 chi2=0.19 chi2=0.14 chi2=0.16
p=0.68796 (P) p=0.66605 p=0.71129 p=0.68r74
DBH 19 bp
ins/del
nl1=40 36.60)  nl11=39 (33.06)
nl2=41 (47.80) nl2=37 (48.88)
n22=19 (15.60)  n22=24 (18.06) Rizikov4 alela 2
[1]<->[2] [11]<->[12] [11]<->[22] common odds ratio

p=0.155114

p=0.015113

Odds_ratio=1.132
C.1=[0.760-1.687]
chi2=0.37
p=0.54189 (P)

(21<>[1]
Odds_ratio=0.883
C.1=[0.593-1.316]

Odds_ratio=0.926
C.1.=[0.495-1.731]
chi2=0.06
p=0.80871

0Odds_ratio=1.296
C.1=[0.614-2.732]
chi2=0.46
p=0.49604

Rizikovi alela 1

[22]<->[12]
Odds_ratio=0.714
C.1.=[0.338-1.510]

[22]<->[11]
Odds_ratio=0.772
C.1=[0.366-1.628]

Odds_ratio=1.123

chi2=0.31
p=0.57668

common odds ratio
Odds_ratio=0.891

chi2=2.08 chi2=5.81
p=0.14959 (P) p=0.01595

chi2=2.08
p=0.14959 (P)

21<->[1]
Odds_ratio=0.658
C.1=[0.371-1.166]

chi2=0.01
p=0.91270

chi2=6.08
p=0.01366

Rizikovi alela 1

[22]<->[12)
Odds_ratio=0.070
C.1.=[0.004-1.325]

[22]<->[11]
0dds_ratio=0.073
C.1=[0.004-1318]
chi2=6.08
p=0.01366

chi2=0.37 chi2=0.78 chi2=0.46 chi2=0.31
| p=0.54189 (P) p=0.37766 p=0.49604 p=0.57668
DBH C-1021T
nl1=77 (78.32)  nl1=73 (69.72)
n12=23 (20.36)  nl2=21(27.55)
n22=0 (1.32) n22=6 (2.72) Rizikov4 alela 2
[1]<->2] [11}<->[12] [11]<->[22] common odds ratio
Odds_ratio=1.521 Odds_ratio=0.963 Odds_ratio=13.707 Odds_ratio=2.651
p=0.193795 p=0.017365 C.1=[0.858-2.697] C.1=[0.492-1.887] C.L=[0.759-247.653]

chi2=1.91
p=0.16682

common odds ratio
Odds_ratio=0.669

chi2=1.91
p=0.16682




DBH C1603T
nl1=98 (98.01)  nl11=85 (85.56)
nl2=2 (1.98) nl2=15(13.88)

n22=0 (0.01) n22=0 (0.56) Rizikov4 alela 2
[1}<->[2] [11]<->[12] [11}<->]22] common odds ratio
Odds_ratio=8.027 Odds_ratio=8.647 Odds_ratio=1.152 Odds_ratio=8.647
p=0.919542 p=0.417474 C.I=[1.811-35.580] C.1=[1.922-38.898] C.1.=[0.023-58.684]
chi2=10.38 chi2=10.86 chi2=N/A chi2=10.86
p=0.00127 (P) p=0.00098 p=1.00000 p=0.00098
Rizikov4 alela 1
[2]<->[1] [22]<->[12] [22}<->[11] common odds ratio
Odds_ratio=0.125 Odds_ratio=6.200 Odds_ratio=0.868 Odds_ratio=0.277
C.1=[0.028-0.552] C.1=[0.099-389.879] C.1.=[0.017-44.216]
chi2=10.38 chi2=N/A chi2=N/A chi2=10.86
p=0.00127 (P) p=1.00000 n=1.00000 p=0.00098
DBH C1912T

nl1=86 (86.49)  nl1=78 (76.56)
nl2=14(13.02)  n12=19 (21.88)

n22=0 (0.49) n22=3 (1.56) Rizikova alela 2
[1}<->[2] [11]<->[12] [11}<->[22] common odds ratio
Odds_ratio=1.898 Odds_ratio=1.496 Odds_ratio=7.713 Odds_ratio=2.822
p=0.451637 p=0.188750 C.1.=[0.956-3.769] C.1.=[0.703-3.185] C.1=[0.392-151.692]
chi2=3.44 chi2=1.10 chi2=3.24 chi2=3.24
p=0.06372 (P) p=0.29374 p=0.07171 p=0.07205
Rizikova alela 1
2]<->[1] [22]<->[12] [22]<->{11] common odds ratio
Odds_ratio=0.527 Odds_ratio=0.192 Odds_ratio=0.130 Odds_ratio=0.557
C.1.=[0.265-1.046] C.1.=[0.009-4.017] C.1.=[0.007-2.550}
chi2=3.44 chi2=2.08 chi2=3.24 chi2=3.24
p=0.0637" ™ =0.14898 p=0.07171 p=0.07205

Tabulka & 10: Vypocet podilu $anci a C.1. 95%. Alely, které z vypocti vyplynuly jako asociované s ADHD
jsou u viech polymorfismil oznaceny jako alela 2. Vysvétlivky na stran& 44. N/A: non-aplicable,
vypolet nelze provést, ve skuping nebyl detekovan zddny homozygot pro rizikovou alelu.
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Polymorphisms and low plasma activity of Dopamine-beta-hydroxylase in ADHD chiigre-

They detected a significant additional effect of C1603T
in the plasma DBH variance. C-1021T SNP accounts for
35-52 % of the variance in the trait across populations
of different geographic origin [55], C1603T may explain
additional 2% of variance. The low-activity 16037 allele
is relative rare, with an occurrence of approximately 4%
in the European population [55].

C1912T This SNP, located in exon 12, represents an-
other member of the non-synonymous polymorphisms
group. It changes the first nucleotide in codon for Arg,
+1912 base pair from start site of translation, which
leads to substitution of Arg->Cys. Arg->Cys should be
weakly tolerated [9]. Exon 12 encoded the 3’-terminal
region spanning from nucleotide +1681 to +2693 of type
A cDNA and +1681 to +2393 of type B of DBH gene.
Kobayashi et al. [30] examined both types of mRNA and
showed evidence of inherence of two polyadenylation
sites corresponding to types A and B in exon 12. The
A and B types are produced by alternative polyadenyl-
ation.

C-1021T Zabetian et al. [55] sequenced a total of 6443
bp of DBH, including the proximal 1468 bp of the 5 up-
stream area, all exons and 2182 bp of intronic sequence
in groups of individuals with very low, average and high
plasma DBH activity to locate a new polymorphism as-
sociated with plasma DBH activity. Their experiments
identified a C->T substitution located -1021 bp upstream
of the translational start site, within the promotor, as an
appropriate candidate (four from eight very low DBH
activity individuals were TT homozygous). Subsequently,
they examined C-1021T association to plasma activity in
samples from African American, European American
and Japanese population and showed the strong associa-
tion of TT genotype with very low plasma DBH.

Further investigations led to the suggestion that
C-1021T could be the major functional DBH poly-
morphism. The findings of other groups support this
contemplation:

1) Dunnette and Weinshilboum [14] reported that DBH!
allele cause lower plasma DBH activity by diminish-
ing the levels of circulating DBH protein, rather than
by decreasing the activity of homospecific enzymes.
C-1021T resides within the promotor and participates
in the regulation of transcription.

2) Hoyleetal. [23] performed an experiment with human

DBH gene in transgenic mice that suggests a region

belween -600 bp and -1100 bp contains elements fun-

damental for human DBH gene expresion in noradren-
ergic neurons.

Kim et al. [28] observed that general transcription fac-

tors Spl and CREB, as well as cell-specific factors AP2,

Phox2a and Phox2b bind to proximal cis-acting ele-

ments and have a critical role in synergic activation of

DBH gene trascription.

C-1021T is located in a noradrenergic cell type-specif-

ic DNAse I hypersensitive site of the DBH gene [251.

Two years later, Zabetian et al. [45] published thei-
results of an experiment that investigated the LD
structure of the DBH gene. They assumed C-1021T as
a true functional polymorphism and examined the LD
between C-10217T and another 11 markers, symetricallv
distributed around C-1021T, and what is the relationship
of each marker to plasma activity. They have identified a
block of LD at the DBH locus, including C-1021T tha
spanned across nearly 10 kb of its surroundings. All o
these five markers within the LD block (-2124C- >T
-1021C->T, IVS1+109G->C, 444A->G and 1VS4+601C-
>T) are strongly associated with phenotype.

57-ins/del This polymorphism, named 5'-ins/del,
consist of 19 base-pair insertion/deletion approximately
4,7kb 5" from the transcriptional start site, -4784-4803ce]
(11]. This region resides within the locus that Hoyle et al.
[23] identified as a second positive regulatory element,
between -1,5-5.8 kb (first between -600-1100 bp) that
confers cell type-specific expression and contains an ele-
ment responsible for the transient expression. 5 -ins/del
is also associated with plasma DBH activity, particularly

with deletion of lower and insertion of higher level of

plasma DBH [11]. These results also showed that
5’-ins/del is in positive LD with another plasma DBH-
associated polymorphism G444A and haplotype Del-A
is associated with low plasma DBH activity in European
American population.

Taql The effect of this DBH SNP on the DBH levels
is not completely understood. It is situated in intron 5
(IVS5+192C->T) and is easily genotyped by differential
cleave with the restriction endonuclease Taql [9].

ADHD, low DBH activity and genetic
polymorphisms

In patients with the hyperkinetic syndrome and non-
socialized conduct disorder, reduced DBH activity in
serum and urine were recorded (5,42,43,37,38,18,20,6,7,]
Zabetian et al. [55] suggests, on the basis of their results
and another hypothesis that low plasma DBH levels result
from diminished expression of the DBH gene, that it is
strongly associated with allele -1021T. Thus C-1021T, or
another polymorphism in very tight LD with it, appears
as a variant at DBH controlling plasma DBH levels and
accounts for 35-52% of variation in plasma DBH activity.
C1603T may explain additional 2% of variance. The low-
activity 1603T allele is relatively rare, approximately 4%
in European population [47]. SNP C1912T was not cor-
related to plasma activity and ADHD disorder. 5'-ins/del
is also associated with plasma DBH activity, namely the
deletion of lower and insertion of higher level of plasma
DBH [11]. Wigg et al. [54] investigated the 5’-ins/del
polymorphism (and another two: Taql and (CA), STR)
in the group of 117 families with ADHD. They observed
significant relationships between the genotypes of the
three polymorphisms, but no biased transmission for
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no significant evidence for biased transmission of the
haplotypes. Hawi et al. [21] observed the G444A poly-
morphism in connection with ADHD and found a slight
increase in the transmission of allele 444 A (allele 2), but
it was not statistically significant. They also analysed
markers creating a high-density map across and flank-
ing of this gene and measured inter marker LD. Strong
LD was detected between markers of polymorphisms
G444A (exon 2) and Tagl (intron 5). Commings et al.
[6,7] investigated whether Tagl B1/B2 may be associ-
ated with ADHD in a group of probands with Tourette’s
syndrome. They detected that Taq B1 allele (without
Taql site) was associated with the highest ADHD scores.
Other research of this problem was done by Daly et al.
[13]. They used a sample of ADHD children and found
an association with Tagl (A1/A2) DBH allele A2 (present
Taql site). They both probably examined the same poly-
morphism, but with another nomenclature and another
sample of probands, which may be the explanation for
their different results.

Romain et al. {44} detected an association between
DBH Tagl A2 allele and ADHD in a sample of 88 Brazil-
ian nuclear families with ADHD, thereby confirming the
previous report from Daly et al. [13]. The same results
were also obtained by Inkster et al. [24] from their analy-
sis of Tagl polymorphism in two independent samples
of adults with ADHD and by Kirley et al. {29]. Wigg et
al. [54] sought to replicate this work, but they found no
significant evidence for the linkage of the Taql A2 al-
lele in the sample of 117 nuclear families with ADHD.
Neither did Bhaduri et al. [3], who implemented the first
molecular genetic study on ADHD in an Indian subject,
exploring the transmission of G444A and Tagl poly-
morphisms in the DBH gene. On the other hand, Smith
et al. (45] tested Taql polymorphism in 105 Caucasian
subjects with ADHD and ethnicity-matched controls.
They observed that the DBH Taql A1l allele was more
frequently found in the ADHD group than the control

group.

Discussion

Lower plasma DBH activity is caused by disappear-
ing levels of circulation of the DBH protein, rather than
decreasing the activity of enzyme. However, which
polymorphisms play the main role in this process is not
known yet. It could be the ones in the code region, or
those in the regulation or non-code region. Hoyle et al.
[23] suggested an essential domain between -600 bp and
-1100 bp. Certain elements fundamental for human DBH
gene are expressed in the noradrenergic neuron. Zabetian
et al. [55] suggested low plasma DBH levels result from
disappearing expression of the DBH gene strongly as-
sociated with allele -1021T. 5"-ins/del, located within the
second positive regulatory element, may have additional
effect on the expression. Allele 5’-del is associated with
lower levels of plasma DBH [11]. The alteration of CSF

levels of DBH protein and plasma DBH activity in coher-

ence with polymorphisms localized in the code region

is influenced by G444A with risk allele 444A, C1603T
with relative rare risk allele 1603T (4% in European
population) and G910T. Allele 910T (304S) codes the
lower specific active form of protein. How does C1912T
contribute to this is not exactly known. Although Tagl is
localized in the non-code region, alterations in this area
may have the decisive role on the final protein. Altera-
tions may affect splicing due to origin or extinction of
the artificial splice site, or some enhancer or silencer of
splicing exists.

Only some of these polymorphisms were studied
in connection with ADHD. Zabetian et al. [55] found
that allele -1021T is associated with combined subtype
of ADHD. Wigg et al. [54] observed a significant rela-
tionship of the genotypes of polymorphisms 5 -ins/del,
Taql and (CA), STR in the families with ADHD, in the
concrete TagA2-del-A3 and TagA2-ins-A4. Hawi el al.
[21] found a slight increase in the transmission of allele
444A in the ADHD families. Association between Taql
and ADHD was also found by Comings et al. [6,7] (allele
B1), Smith et al. [45] (allele A1), Daly et al. [13], Romain
etal. [44], Inkster et al. [24] and Kirley et al. [29] (all with
allele A2), but some results of other studies were negative
[3,54]. This difference in the DBH Tagl A polymorphism
could be attributed to population stratification, result-
ing in a false-positive association of the Al allele with
ADHD [45].

Which polymorphisms are the most important in the
ADHD and low DBH plasma activity? Which of them
have the major role and which of them cause additional
effects? The role of other DBH polymorphisms is un-
known because these polymorphisms were not studied
in connection with ADHD. In patients with hyperkinetic
syndrome and in non-socialized conduct disorder pa-
tients, reduced DBH activity in serum and urine were
recorded (5,42,43,37,38,18,20,6,7].

Another question is the correlation between low
DBH activity and prenatal hypoxia. Koudelova et al. {31}
found that hypoxia (hyperbaric chamber) decreased the
DBH activity in experimental animals (rats), particularly
in very young ones (5 days after delivery).

Many conflicting suggestions may emerge as a result
of diagnostic problems connected to ADHD with co
morbidity and changes of symptoms in patients under
5 years of age or older than 10. Further investigation of
polymorphisms in the DBG gene in connection with
ADHD and DBH plasma activity should be done to
provide a better understanding of this disorder.
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bstract ADHD (attention hyperactivity disorder) is a polygenetic disorder with various
candidate genes. At this time, more than thirty dopaminergic, noradrenergic,
serotonergic and GABA-ergic genes are known. The research of only some can-
didate genes (DRD4, DAT, DRD5, DBH, SHTT, HTR1B and SNAP25) brought
relatively consistent results confirming the heredity of ADHD syndromes. The
results of research of other genes (DRD2, DRD3, MAO, ADR2A, GABA A3,
GABA B3) are not clear yet. This paper summarizes the most important genetic
data in correlations with biochemical periphery parameters (especially for DBH,
HVA, MHPG, serotonin). Hypothetically, certain subgroups of ADHD may be
identified by correlation of biochemical characteristics and some candidate genes.
The paper discusses some implications for future research. Review.

breviations:

ITR gene - serotonin receptor gene N Introduction

ITTLPR - promoter region of the serotonin transporter

HD - attention deficit hyperactivity disorder . . . .

RA2A - adrenergic receptors allele 2A . ADHD (attention deficit hyperactmty disorder)

RNA4 CHRNA7 - acetylcholine receptors 4, 7 is one of the most frequently diagnosed syndromes

: - cerebrospinal fluid : in the child psychiatry. The incidence is between 3
- dopamine and 6 per cent of the children population; with boys

r - dopamine transporter dominati il i0 of 3:1

1 - dopamine beta hydroxylase preaominating over gir s'at a ratl.o of 3:1 or more

PAC - dihydroxyphenilacetic acid (2]. The key symptoms — inattentiveness, impulsiv-

J - dopamine receptor gene ity and hyperactivity — deteriorate the relationship

3A - gamma amino butyric acid of these children both in the family and with their

? - haplotype relative risk . . . . .

\ _ homovanillic acid contemporaries, thus increasing the risk of social

0 - monoamine oxidase isolation. Hyperkinetic disorder (ICD-10 - Inter-

PG -~ 3-methoxy-4-hydroxypheny! glycol national Classification Disorders, WHO, 1992) is

- noradrenaline . .
\ - phenyl acetic acid and tyrosine a narrower diagnosis, and a subgroup of ADHD

- positron emission tomography DSMIV diagnostic criteria, APA (American Psy-
T - serotonin receptor gene chiatric Association) 1994. Comorbid disorders of

\P-25 - synaptosomal-associated protein 25 ADHD occur in 50% to 80% of patients [44]. These
- transmission disequilibrium test

- Tourette’s syndrom . , . . . .
R ~ variable number of tandem repeat sive disorders in 15% to 20%, anxiety disorders in

T1D .14V MAIATY

include: conduct disorders in 40% to 90%, depres--
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25% and learning disorders: dyslexia, dyscalculia etc. in
20% of all ADHD patients’ cases.

The hyperkinetic syndrome is up to five times more
frequent in first-degree relatives of ADHD children
than in control group of healthy children’s families
[9]. In these ADHD children’s relatives, other diag-
nostic units were more frequent than in control group
{comorbid ADHD disorders). When the occurrence of
hyperkinetic disorder in biologically related and unre-
lated siblings of ADHD patients was compared, the fol-
lowing data were obtained: hyperactivity and conduct
disorders were found in 47 to 53 per cent of biologically
related and in 9 to 13 per cent of biologically unrelated
children {82]. In adoption studies in ADHD, significant
genetic role was proved {97 and other authors)}. Con-
cordance rates of monozygotic vs. dizygotic hyperkinetic
twin pairs were between 50 and 80% for monozygotic
twins and between 0 and 33% for dizygotic twins [90,
41, 93). The heritability of ADHD varies between 0.75
and 0.98, which is highly significant for genetic aetiology
of ADHD. [27].

At this time, more than thirty dopaminergic,
noradrenergic, serotonergic and GABA genes are
known. This paper summarizes the most important
genetic data in correlations with biochemical periphery
parameters (especially for DBH, HVA, MHPG, serot-
onin). The rise of ADHD phenocopy is most probable
as well, caused, for instance, by perinatal hypoxia, influ-
encing the immature dopaminergic and noradrenergic
transmission, as has been proved in an animal study
[52, 68].

Genetic and biochemical markers of the
transmitter systems

The dopaminergic system
(DRD2, DRD4, DRD3, DRD5, MAO)

Biochemical markers. The methylphenidate, a stim-
ulant drug, inhibits the presynaptic uptake of dopamine.
About seventy per cent of children and adolescents with
ADHD respond positively to stimulating treatment [89].
Abnormally low level of HVA (homovanillic acid) is
found in the CSF (cerebrospinal fluid) of children with
ADHD, as compared with healthy controls [85]. Castel-
lanos et al. [11] examined CSF in 29 boys of six to twelve
years of age with a hyperkinetic syndronfe. He found
out that the level of HVA was lower in CSF of ADHD
patients and the marked decrease of its level was sur-
prisingly combined with a lower degree of hyperactivity.
ADHD in adults is marked by this relation between the
decreased plasmatic level of HVA and the presence of
symptoms of the hyperkinetic syndrome missing, but
the high level of HVA in CSF of ADHD adults predicts
a bad response to methylphenidate [28].

MAO is a mitochondrial enzyme, participating in
the degradation of neurotransmitters. The high value
of plasmatic HVA and DOPAC predlcts a bad response
to treatment with selegiline in adult ADHD patients
[28]. Boix et al. [10] proved inhibition of impulsivity in
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inhibitors) to fourteen boys with a hyperkineti
drome and found a very good clinical response,
lar to administration of stimulants. Trott et al. {95, 95
administered moclobemide to hyperkmetlc children.
The results were less distinct than in administration of
stimulants.

DRD2 Comings et al. [14; 20] examined the preve-
lence of the Taq Al allele of the DRD2 gene. Results sug-
gested that genetic variants at the DRD2 locus played a
role in a range of impulsive and compulsive personality
disorders, addictive disorders and ADHD. Berman et
al. [8] observed that the association of the DRD2 Al or
A2 allele with a given phenotype was dependent upon
the presence or absence of childhood stress symptoms.
Rowe et al. [80] reported that children with the DRD2
Taq@ A2/A2 genotype had a higher mean level of ADHD
symptoms than A1 carriers. Todd et al. [94] did not
confirm correlation of DRD2 receptor and ADHD. The
level of HVA in CSFis connected with the density of the
DRD?2 receptor and predicts the response to stimulants
[17]. The HVA in CSF level rises after stimulant admin-
istration [17, 100]. Jénssen et al. [46] found a connection
between the concentration of homovanillic acid and the
genotype with DRD2 A1 occurrence. Heterozygote Al/
A2 allele had the lowest concentrations of homovanillic
acid in CSE A relation has also been described between
the DRD2 A1l genotype and the regional CNS blood
flow in children with hyperkinetic syndrome. By using
F-deoxyglucose in PET examination, it was found out
that the A1 allele carriers have a significant reduction of
glucose metabolism in the putamen, frontal, temporal,
central, central prefrontal, occipitotemporal and orbital
cortex [17, 92]. Genotype and allelic frequency of Taql
A polymorphism of DRD2 gene was statistically dif-
ferent between ADHD group, only boys {n = 49), age
6-13, and control group (n = 40), age 6-13, only boys,
p < 0,004 and p < 0,001, respectively [83]. Kirley et al.
[51] examined two polymorphisms in 118 ADHD chil-
dren and their families. No significant associations were
identified, though they reported a trend toward signifi-
cance (p = 0.07) for the Ser311 polymorphism when
paternally transmitted. On aggregate, the studies to date
suggest little or no association with ADHD [30].

DRD4 is another candidate gene. DRD4 is a gene
with a high degree of genetic variability and one of the
genes influencing the post-synaptic effects of dopamine
[13]. A 48 bp and 16 amino-acid repeat polymorphism
is important within the DNA coding for the third
cytoplasmic loop, responsible for the binding to gua-
nine-nucleotide proteins [60]. Allele 7, conditioning
the inhibition of intracellular adenyl cyclase and thus
suppressing response to dopamine, was found in 41
per cent of ADHD patients in comparison to 21 per
cent of controls [54]. Two independent studies [54, 87]
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describe, in normal subjects, a relation between the
presence of allele 7 DRD4, psychomotoric instability
and impulsivity. In patients with ADHD, TS (Tourette’s
syndrom) and drug addiction, a significantly higher
occurrence of 2/2 homozygotes was described [84].
This DNA region is repeated 2 to 11 times; with the
most common alleles being the 2, 4, and 7 repeat. There
was a modest increase in the prevalence the allele 2 with
a decrease in the prevalence of the allele 4. The mean
ADHD score, based on the Diagnostic Interview Sched-
ule for Children, was 15.6 for those carrying a 7 allele,
versus 13.3 for those not carrying a 7 allele, p < 0.015
[29]. Independent studies of normal subjects {88] have
shown an association between the presence of the allele
7 and novelty seeking, a trait associated with impulsiv-
ity. Some studies failed to find the association found by
Langley et al. [55] who concluded in review and in his
own study that DRD4 7 - repeat allele is associated with
a hyperactivity and impulsivity. Many other authors
supported association of DRD4 and ADHD [26].
DAT1 gene. The importance of the DATI (dopamine
transporter) gene is associated to the mechanism of
action of stimulants, blocking the dopamine trans-
porter coded by this gene and thus increasing the
concentration of dopamine in the synaptic cleft [101].
The changes of the transport of dopamine are probably
brought about by the influence on its transmitter coded
by DAT1 gene. The dopamine transporter is responsi-
ble for the transport of dopamine through the presy-
naptic membrane back into the nerve cell. Stimulants
inhibit the transport of dopamine and these drugs lead
to an increase of dopamine in the synaptic cleft. Stud-
ies on mice proved a higher degree of hyperactivity in
a strain with a mutation of the DAT1 gene, leading to a
change in dopamine transporter function in compari-
son with the normal population of animals [37]. A sig-
nificantly higher number of homozygotes alleles 10/10
DAT - as compared to heterozygotes — was found in
patients with ADHD, conduct disorders and Tourette’s
syndrome [16]. Cook et al. [21] examined a 3’ variable
number of tandem repeat (VNTR) polymorphism at
the dopamine transporter gene DAT1 in a sample of 49
ADHD patients and their parents, using the haplotype
relative risk (HRR) method. A significant association
between ADHD and the 480-bp DAT1 VNTR allele was
established. Gill et al. [36] found that the 480-bp allele
was preferentially transmitted to ADHD probands
(p=0,014). Waldman et al. [102] examined the role of
the DAT1 gene in ADHD, ODD (oppositional defiant
disorder) and CD (conduct disorders) in 123 families,
using the TDT technique. A significant association
between the DAT1 10 allele and hyperactivity-impul-
sivity (p = 0.009) was found. In a subsequent report,
Waldman et al. [102] examined 74 ADHD probands,
79 siblings and a control sample of 49 twins and con-
firmed the results. These findings were not confirmed
(3, 43, 76, 65]. Maher et al. [62] confirmed the associa-
tion of DAT1 and ADHD in meta-analysis of DAT]1,
which included data from 11 studies, with a total of
824 informative meioses. Chen et al. [12] identified the
same association of DAT1 and ADHD in Asian popula-

Biochemical markers and genetic research of ADHD

tions. When results from the family based studies noted
above are pooled the OR is small, but significant, sug-
gesting the dopamine transporter gene merits further
investigation but that its effect is modest [30].

DRD3 gene. Knockout mice (ADHD model), miss-
ing the DRD3 gene, are considerably more active than
their littermates with normal DRD3 genes [1]. The
other common polymorphism is located in intron 5 and
results in the change of a restriction site for Mspl [66,
73]. Comings et al. [15] observed a significant decrease
in DRD3 Msp I heterozygosity in Tourette’s syndrome
and ADHD comorbidity. Another study, however, did
not show the DRD3 gene to be significantly associated
with ADHD [6, 50, 30].

DRDS5 gene. The possible role of DRD5 gene in
ADHD has been examined using a dinucleotide repeat
polymorphism. The 148-bp allele DRD5 was reported
to be associated with ADHD [98]. Using the TDT
technique, [24] observed a significant increase in the
transmission of the 148 bp allele in 160 family sets with
ADHD offspring (p < 0.0005). Kirley et al. {50] and
Maher et al. [62] observed association between ADHD
and 148 bp allele DRD5 in others studies. Consistent
with this result, a more recent family-based analysis
that combined 14 independent samples identified a
significant association of the 148-bp allele with ADHD
(OR=1,2;95% CI 1,1-1,4) [61].

MAO genes. Some authors believe that a deficit of
dopamine/norepinephrine in the hyperkinetic syn-
drome is caused by hyperactive monoamine oxidase
(MAO) [95]. Using CA repeat polymorphisms at the
MAO-A (monoamine oxidase-A) gene, Gade et al. [32]
found an association of this gene with ADHD. Manor
et al. [64] examined the MAO-A promoter region poly-
morphism in 133 triads and observed preferential trans-
mission of the long alleles from 74 heterozygote mothers
to ADHD probands (chi (2) = 4,37; p=0,036). Lawson
et al. [58] examined MAO-A polymorphisms (the 30-
bp VNTR in the promoters and the Fnu4HI 941T-->G)
in ADHD children; the results of the study were nega-
tive, but case control analysis of the VNTR showed an
association with a subgroup of children with co morbid
conduct problems. Jiang et al. [45] observed (in a link-
age study) significant association between 157-bp allele
of the DXS 7 locus of X chromosome and DSM-III-R
diagnosed ADHD (n=72, p < 0,001). Study in Caucasian
cohort failed to replicate this association [72].

Noradrenergic system (ADRA2A, DBH)

Biochemical markers of noradrenergic system are
closely connected to the dopaminergic system through
the dopamine-beta-hydroxylase enzyme. Dopamine-
beta-hydroxylase (DBH) is an enzyme responsible for
the conversion of dopamine to norepinephrine. In
its feedback, it inhibits tyrosine-hydroxylase, which
reduces the production of dopamine. It is localized
in catecholamine-containing vesicles of adrenergic
and noradrenergic cells [48]. When DBH is defective,
an alteration of the dopamine/NE levels can result in
hyperactivity. DBH protein is released in response to
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stimulation [99]. Decreased activities of DBH in serum
and urine were found in patients with hyperkinetic syn-
drome and unsocialised conduct disorders [71, 53, 74, 75,
33, 34]. The authors ascertained that low DBH levels
correlate indirectly with the seriousness of hyperkinetic
syndrome in children.

Shekim et al. [86] found lower levels of MHPG
(3-methoxy-4-hydroxyphenyl glycol) in the urine of
ADHD boys compared to healthy controls. Yasong et
al. [105] observed 64 ADHD boys and 30 normal con-
trols defining the levels of HVA, norepinephrine and
the ratio of norepinephrine/MHPG in the serum. The
norepinephrine blood levels were significantly Jower in
the group with hard degree of ADHD than in the group
with a moderate degree of this disorder [105]). Nore-
pinephrine and norepinephrine/MHPG were decreased
in hyperkinetic children while HVA was increased.
In patients responding positively to administration
of stimulant drugs, the values of MHPG were higher
than in non-responders. Gabel et al. [31] observed the
MHPG levels in children with hyperkinetic syndrome
and conduct disorders to find that the MHPG level was
higher in children with conduct disorders in pre-puberty
age. The MHPG values were lower after the 12th year
of age. Kasatikova et al. [47] examined 25 children (7-9
year olds) with ADHD. ADHD children had the basal
level of epinephrine and norepinephrine 3.9 to 5.4 times
higher than the normal controls. Oades et al. [67] found
plasma levels of norepinephrine (NE) and epinephrine
slightly elevated, but urinary levels of NE and the sero-
tonin metabolite were markedly increased. Halperin et
al. [39] replicated his own previous results in a sample of
ADHD rhildren without reading disabilities, compared
to AD. .. children with reading disabilities. Plasma lev-
els of MHPG were significantly lower in ADHD chil-
dren without dyslexia compared to those with dyslexia.

ADRAZ2A gene. It is known that clonidine, influenc-
ing inattentiveness and impulsivity in ADHD treat-
ment, acts through the pre-synaptic adrenergic receptors
(inhibiting) and through the increase of the pre-synaptic
levels of norepinephrine, and its affinity to the post-
synaptic A1A receptors (exciting) is ten times lower.
Clonidine leads to lowering of hyperactivity, increase
of attentiveness, improvement of conduct disorders,
ticks and an anxiety. ADR A2 gene codes this protein’s
receptor activity. Single base pair polymorphisms of the
ADRAZ2A (adrenergic receptors A2A) gene are generally
examined for the role of NE genes in ADHD [57, 78].
Higher occurrence of combinations of polymorphic
alleles with 81/185 alleles A2A was described [17].

Comings et al. [18] published a study, observing
the additive effect of ADR A2A, ADR A2C, and DBH
genes. Combined, these three genes accounted for 3.5%
of the variance in the ADHD score (p = 0.0005). Indi-
vidually, the ADRA2C gene accounted for 2.5 percent of
the variance in the ADHD score. Direct proportionality
was proved between ADHD score and the quantity of
polymorphisms of these noradrenergic genes, as well
as higher occurrence of learning disorders comorbid to
ADHD coinciding with higher frequencies of alleles of
the above-mentioned polymorphisms of the adrener-

gic genes. Two subsequent family-based analyses, one
in 103 families and another in 128 families, showed no
evidence of association [7, 25].

DBH gene. A Taq I polymorphism B1/B2 in the
DBH gene exists; the connection of the B1 allele with
the hyperkinetic syndrome and the development of
hyperactivity has been described [24]. Roman et al.
[77] tested a sample of 88 Brazilian nuclear families
and demonstrated an association between the DBH
Taql A2 allele and ADHD. Taq I A1 allele is significant
associate with ADHD (p = 0,018) [89]. The B1 allele
occurs in 52.9 per cent of patients with drug addiction,
in 70.5 per cent of TS patients, and in 73.1 per cent of
ADHD patients [23]. Studies using protein-phenotype
markers showed strong evidence for linkage between a
major locus controlling plasma-DBH activity and the
ABO blood-group locus [38, 104]. Zabetian et al. [107]
identified a novel polymorphism (--1021C-->T), in
the 5’ flanking region of the DBH gene that accounts
for 35%-52% of the variation in plasma-DBH activity.
Despite the mixed evidence for association between
DBH and ADHD, when the family-based studies are
pooled, they jointly suggest a significant association
between ADHD and the 5’ Taql polymorphism (OR =
1,33; 95% CI 1,11-1,59) {30].

Serotonin system (5-HTR, 5-HTT)

Biochemical markers. A decrease of the serotonin
level in the serum was also found in ADHD patients
and their parents exhibiting symptoms of hyperkinetic
disorder. Patients with oppositional defiant disorder and
ADHD showed lower serum 5-HT level than patients
with only ADHD. The 5-HT level may be a potential
biological marker of impulsive behaviour {35]. Urinary
excretion (24-hr) of beta-phenyl ethylamine - free and
total was significantly lower in ADHD children. Pheny!
aceticacid (PAA) and tyrosine were decreased in plasma
in ADHD subjects [5].

5-HTR genes = SERT (serotonin receptor genes).
A gene mutation leads to a decrease of activity in the
enzyme converting tryptophan, the precursor of serot-
onin. The polymorphic alleles of this gene (polymor-
phism G-T and G/A in introne 6 was identified) occur
in ADHD, TS (Tourette’s syndrom) and drug addiction
in 29 to 33 per cent of cases, that is twice the frequency
of control population [17]. HTR(1B) and HTR(2A)
polymorphism encode the serotonin receptors of
SHTR(1B) type as well as 5SHTR(2A). The authors
observed a significant preferential transmission of the
allele 861G of the HTR(1B) only [40]. Some findings
suggest an association between HTR(1B) and ADHD,
with merits future investigation. SHTR(2A) polymor-
phism was associated with ADHD in papers by Quist et
al. [70] and Levitan et al. [59]. Particularly interesting
is an insertion/deletion polymorphism in the promoter
region and VNTR within intron 2, both of which appear
to have functional effect on SHTR (SERT) expression
(4). However, in another study of 150 ADHD probands,
Langley et al. [56] found no evidence for the association
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with either of the SHTR (SERT) polymorphism, alone,
or combined as a haplotype.

5-HTT gene (serotonin transporter). Low serotonin
activity has been associated in both animal and human
studies with measures of impulsivity, aggression, and
disinhibited behaviour. Recently, a common 44-bp
deletion in the promoter region of the serotonin trans-
porter (5-HTTLPR) that results in reduced transcrip-
tion and lower transporter protein levels was described.
As for unravelling a possible role of the 5-HTTLPR
polymorphism in childhood disruptive behaviour, we
examined this gene in attention deficit hyperactivity
disorder (ADHD), a heterogeneous childhood disor-
der in which three phenotypes are recognized by DSM
IV criteria: inattentive (type I), hyperactive-impulsive
(type II), and combined type (type III). By using the
haplotype relative risk design, a group of 98 triads (both
parents and proband child) were tested for a possible
association between 5-HTTLPR and ADHD. A signifi-
cant decrease in the short/short 5-HTTLPR genotype
was observed in the ADHD type III combined group
(10.29% vs. 30.88%) compared to the HRR-derived
control group (likelihood ratio = 9.62, P = 0.008, n = 68
triads). Similar results were observed when allele fre-
quencies were compared (likelihood ratio = 3.81, P =
0.05, n = 136 alleles) {63]. Kent etal. [49] examined two
other polymorphisms (an SNP in the 3’ untranslated
region and a tandem repeat) and identified significant
associations for the SNP and for a haplotype including
this SNP and 5-HTTLPR. When the 5-HTTLPR studies
are combined, the pooled OR for the long allele is 1,31
(95% CI 1,09-1,59) [30].

GABA system (GABA B3, GABA A3)

Gamma amino butyric acid (GABA) is an inhibitory
neurotransmitter and could play a role in ADHD, TS
(Tourette’s syndrom) and learning disorder through its
ability to modulate dopamine metabolism. Studies have
already been published earlier describing a significant
association between homozygosity for low molecu-
lar weight alleles (185 bp) of GABA B3 receptors gene
{GABAB3) and the summary score for adult ADHD
(17].

To explore the possible role of genetic variants
of GABA , receptor genes, the alleles of micro satel-
lite polymorphism at the X-linked GABAA3 gene
{17] and/or GABAB3 gene [17] were examined in
Tourette’s syndrom /ADHD subjects. The GABA3 gene
accounted for 0.8% of the variance of the ADHD score
and the GABAB3 accounted for 0.7%. Combined, they
accounted for 1.4% of the variance [19]. These results
were not replicated in other studies.

SNAP. Several investigators have used the coloboma
mouse model] to investigate the genetics of ADHD. These
mice have the coloboma mutation, a hemizygous 2-
centimorgan deletion of a segment on chromosome 2q.
The mutation leads to spontaneous hyperactivity. The
coboboma deletion region includes the gene encoding
synaptosomal-associated protein 25 (SNAP-25). Hess et
al. [42] tested the idea that the human homolog of the

122

markers on human chromosome 20p1i-pi
syntenic to the coloboma deletion region. Four ¢
based studies of SNAP-25 examined two biallelic $*7s
(T1069C and T1065G) separated by 4 bp at the 3’ enc
of the gene. Despite some conflicting results the poolec
analyses for T1065G shows significant evidence for an
association with ADHD (OR =1,19;95% CI 1,03-1,38)
[30].

Discussion

The research of only some candidate genes (DRD3,
DRD4, DAT, DRDS5, DBH, 5HTT, HTRIB a SNAP25)
brought consistent results confirming the heredity of
ADHD syndromes.

Some candidate genes acetylcholine receptors:
(CHRNA4 CHRNA?7), glutamate receptors, tryptophan
hydroxylase gene, thyrozine hydroxylase gene, catechol
o methyl transferase gene, and norepinephrine trans-
porter gene, did not show association with ADHD
[30].

The results of research of other genes (DRD2, MAO,
ADR2A, GABA A3, GABA B3) are still not clear.
Understanding these genes can help comprehending
polygenetic aetiology of some subgroups of ADHD and
aetiology of ADHD with some comorbid disorders.

Hypothetically, certain sub-groups of ADHD may be
identified by correlation of some phenotype-character-
istics (behavioural, and pharmacogenetic biochemical},
with some candidate genes. Changes of biochemical
markers were described in some groups of ADHD and
in some groups of ADHD comorbid disorders.

Research correlations of periphery and central (cer-
ebrospinal fluid) value of biochemistry markers are
limited by ethical regulations. There are only some
positive results in HVA, DBH and serotonin. But we
presume about some identical or equivalent noradren-
ergic, dopaminergic or serotoninergic activity, in CF
and periphery, what is representing by some biochemi-
cal marker’s value.

In some ADHD children, the plasma level of MHPG
was decreased and plasma level of HVA was increased
{105]. Circulating dopamine increased significantly
by the exercise in the control subjects (p < 0.016), but
no increase was noted in the subjects with ADHD
[103]. Children with extremely low MHPG were non-
responders to stimulant drugs therapy. The question is
whether some connection between very low MHPG and
DAT 10/10 genotype (also non responders to stimulant
drugs) exists (79, 51]. Plasma levels of noradrenaline
and MHPG may be elevated in ADHD patients with
comorbid disorders: dyslexia, conduct disorder [39].

A decrease of the serotonin level in the serum was
also found in ADHD patients and their parents who
had had hyperkinetic syndromes in their childhood.
Oppositional defiant disorder, comorbid to ADHD,
showed lower serum 5HT level than pure ADHD. 5SHT
level may be a potential biological marker of impulsive
behaviour. [35]
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Lower levels of DBH protein may lead to elevated
ratios of DA to NE. This model may explain associations
between lower plasma DBH activity and vulnerability
to psychotic symptoms. Genotype-controlled analysis
of plasma DBH holds promise for promoting further
progress in research on psychiatric and neurological
disorders [22]. Decreased activity of DBH in serum was
found in ADHD and in un-socialized conduct disorder.
Socialized conduct disorder co morbid to ADHD was
not connected with low DBH activity {71, 53, 75, 33,
34, 81). The (CA), repeat polymorphism allele A4 and
19 bp insertion/deletion (5nondescribed area) elevate
plasma DBH activity.

Biochemical markers are not used in identification
of some ADHD subgroups often. Some biochemical
markers (5HT, DBH, MHPG) differ, in some cases, pure
ADHD and ADHD with comorbid disorders. However,
results introduced here are evidently suitable for pos-
sible use in a future genetic research.

There are some difficulties in diagnosis and clinical
syndromes connected with changes in ADHD symptoms
during development from childhood to adolescents and
adults. Some biochemical periphery parameters may
change during child development as well {69].

Other possibilities in the study of ADHD aetiology
lie in pharmacogenetic markers research and correla-
tion of pharmacogenetic and biochemistry markers.
The problem of how each transmitter system partici-
pates in aetiology of ADHD can be studied on the drugs
used in therapy of ADHD with specific mechanism of
action. There are dopaminergic drugs (stimulants), nor-
epinephrine drug (atomoxetine) and serotonin drugs
(serotonin re-uptake inhibitors, especially citalopram,
which is the most specific serotonin re-uptake inhibi-
tor). On the other hand, differentiation of some groups
by certain candidate genes may help predict responders
or non-responders to individual drugs.
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Abstract. ADHD is a multifactorial disorder clinically
characterized by inattentiveness, impulsivity and hyper-
activity. The occurrence of this disorder varies between 3
and 6% of the child population, with boys predominating
over girls at a ratio of 3 : 1 or more. Dysfunction or imbal-
ance hetween the dopaminergic and noradrenergic sys-
tems of neurotransmitters can play a key role in the
ADHD  pathophysiology.  Alteration  of  the
dopamine/noradrenaline levels can result in hyperactivi-
ty. DBH is an enzyme responsible for the conversion of
dopamine into noradrenaline. The DBH protein is
released in response to stimulation. DBH activity, derived
largely from sympathetic nerves, can be measured in
human plasma. Patients with ADHD showed decreased
activities of DBH in serum and urine. Low DBH levels
correlate indirectly with the seriousness of the hyperki-
netic syndrome in children (Galvin et al., 1995, 1997). In
the DBH gene, the G444A, G910T, C1603T, C1912T,
C-10217T, 5’-ins/del and Taql polymorphisms occur fre-
quently and may affect the function of gene products or
modify gene expression and thus influence the progres-
sion of ADHD. This article reviews the DBI itself and
polymorphisms in the DBH gene that influence the DBH
activity in the serum and the CSF level of DBH. All those
are evaluated in connection with ADHD.
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Abbreviations: SHTT ~ serotonin transporter, A — alanine, ADR
~ adrenergic receptor, Arg — arginine, ADHD — attention-deficit
hyperactivity disorder, cDNA -~ complementary deoxyribonucle-
ic acid, CSF — cerebrospinal fluid, Cys — cysteine, DAT —
dopamine transporter, DBH — dopamine--hydroxylase, DRD4
(DRDS) ~ dopamine receptor D4 (D3), DSM-1V — The Diagnos-
tic and Statistical Manual of Mental Disorder, 4" edition, h? —
heritability, HTRIB - S-hydroxytryptamine (serotonin} receptor
1B, HVA — homovaline acid, HWE —~ Hardy-Weinberg equilibri-
um, ICD-10 — The International Clasification of Diseases, 10t
edition, LD — linkage disequilibrium, MHPG - 3-methoxy-4-
hydroxyphenylglycol, NT - noradrenaline transporter, PNMT —
phenylethanolamine-N-methyltransferase, QTL — quantitative-
trait locus, S - sertne, SNAP25 — synaptosomal-associated pro-
tein, SNP — single nucleotide polymorphism, STR — short
tandem repeat.

Genetics of ADHD

Attention-deficit hyperactivity disorder, ADHD, is
one of the most common mental disorders that develop
in children. The estimations of prevalence differ with the
diagnostic criterion used. The Diagnostic and Statistical
Manual of Mental Disorder, 41 edition (DSM-1V),
which indicates between 3 and 6% of children with
ADHD, is the most common reference today. The Inter-
national Clasification of Diseases, 101 edition (ICD-10)
is less strict and indicates 0.5% of afflicted children.
A boys’ predominance over girls at a ratio 3 : 1 or more
exists (Anderson et al., 1987). The principal character-
istics of ADHD are inattention, hyperactivity, and
impulsivity. These symptoms appear early in a child’s
life, some of them persist to the adult age — approxi-
mately about 40-50%, although they tend to diminish
with age and social maturing. However, the relation-
ships of these children both in the family and with their
contemporaries are affected, increasing the risk of
social isolation. Fifty to eighty % of ADHD children are
afflicted with another co-morbid disorder (Jensen et al.,
1997), including oppositional defiant disorder and con-
duct disorder, anxicty disorder (2. 0%), mood disor-
der (approximately 15%) and learning disabilitics
(between 20-30%) (Biederman et al., 1991).

ADHD is a polygenetic disorder with various candi-
date genes. The multifactorial concept is consistent
with high population prevalence of ADHD (3-6%),
high concordance in monozygotic twins (68—381%), but
modest recurrence risk to first-degree relatives (Kirley
et al., 2002). It seems that ADHD is a complex genetic
disorder, involving many susceptibility genes with
a small effect each (Tannock et al., 1998). Also, as the
heritability (h?) of ADHD is less than 1.0 (approxi-
mately 0.75-0.91) (Levy et al., 1997), it is likely that
environmental factors also play a role in the causation
and outcome of ADHD (Kirley et al., 2002). The exact
mode of transmission is unknown. Various models of
inheritance exist, from major gene effect to polygenic
and multifactorial models (Faraone et al., 1992; Hess et
al., 1995), but the differences in statistical average
between multifactirial genetic models and single gene
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inheritance are relatively small. The research of only
some candidate genes (DRD4, DAT, DRD5, DBH,
SHTT, HTRIB and SNAP25) brought consistent results,
confirming the heredity of ADHD syndromes (Faraone,
2005).

It is likely that different neurotransmitter systems
and the relative balance between them have varying
degrees of influence over these behavioural dimen-
sions. Variation in genes involved in these neurotrans-
mitter systems are likely to mediate this delicate
balance and have an effect on the function of these
chemicals in the brain (Quist and Kennedy, 2001).

Noradrenergic system

This system is closely connected to the dopaminergic
system through the dopamine-B-hydroxylase enzyme
converting dopamine into noradrenaline. Shekim et al.
(1979) found lower levels of MHPG {(metabolitc of
noradrenaline) in the urine of ADHD boys compared to
healthy controls. Yasong et al. (1998) observed 64
ADHD boys and 30 normal controls defining the levels
of noradrenaline and the ratio of noradrenaline/MHPG
in the serum. Both paramcters were decreased in hyper-
kinetic children while HVA (metabolite of dopamine)
was increased. In patients responding positively to
administration of stimulants, the values of MHPG wecre
higher than in non-respondcrs. The noradrenaline levels
were significantly lower than in the group with a mod-
erate degree of this disorder (Yasong et al., 199%). Dys-
function or imbalance between the dopaminergic and
noradrenergic systems of neurotransmitters can play
a key role in thc ADHD pathophysiology. Gabel et al.
(1993) observed the MHPG levels in children with
hyperkinetic syndrome and conduct disorders and
found out that the MHPG level was higher in children
with conduct disorders in prepubertal age. The MHPG
valucs were lower after the 12" year of age. The HVA
level was remarkably lower in prepubertal children
with conduct disorders than in children over 12,

Other genetic markers implying metabolic changes
and altered lcvels of ncurotransmitters in the noradrena-
line system are genes PNMT (phenylethanolamine-N-me-
thyltransferase), an enzyme converting noradrenaline
into cpinephrine, and NT' (noradrenaline transporter).
The activity of adrenergic receptors, especially of B2 A, in
the frontal cortex is directly connected with the develop-
ment of inattentiveness and impulsivity. It is known that
clonidine influencing inattentiveness and impulsivity in
ADHD treatment acts through the pre-synaptic A2A
receptors (inhibiting) and through the increase of the pre-
synaptic levels of noradrenaline, and has ten times lower
affinity to the post-synaptic A1A receptors (exciting). In
clinical terms, clonidine leads to lowering of hyperactivi-
ty, increase of attentiveness, improvement of conduct dis-
orders, ticks and anxiety. Comings et al. (1999) published
a study observing the additive effect of ADR A2A4, ADR

A2C and DBH genes. These three genes combined
accounted for 3.5% of the variance of ADHD score (P =
0.0005). Individually, the ADR A2C gene accounted for
2.5 % of the variance of ADHD score.

Direct proportionality was proved between the
ADHD score and the quantity of polymorphisms of
noradrenergic genes as well as higher occurrence of
learning disorders co-morbid to ADHD. The data men-
tioned in this study suggest a connection between nor-
adrenergic system genes and ADHD.

Dopamine-B-hydroxylase — biochemistry
and physiology

One of the important candidate genes is the DBH
gene (Faraone, 2005). The dopamine-B-hydroxylase
(DBH) is an enzyme that catalyses the conversion of
dopamine to noradrenaline. In its feedback, it inhibits
tyrosine-hydroxylase, which reduces the production of
dopamine. DBH is found in the brain, in catecholamine
vesicles of the noradrenergic neurons of the gray matter
in nerve terminals (Lewis et al., 1992), in sympathetic
nerves and in the adrenal medula, where it is present in
both soluble and membrane-bound forms (Wein-
shilboum, 1978). The DBH gene, which encodes the
DBH protein (OMIM 223360), was cloned, mapped to
chromosome 9q34, and shown linked to ABO (Craig ct
al., 1988). It is approximately 23 kb long, contains 12
exons coding for 603 amino-acid protein (Kobayashi ct
al., 1989) and exists as a single gene in the genome. The
genomic sequence is publicly available (Genbank
accession numbers AC000404 and AC001227).

DBH is released into the circulation together with
neurotransmitters and other vesicular content during
synaptic transmissions {Wcinshilboum, 1978; O’Con-
nor ct al., 1983) from sympathetic neurons and its enzy-
matic activity is analysed in plasma or serum
{Weinshilboum and Axelrod, 1971) as an indicator of
sympathetic noradrenergic tone. DBH found in the
cerebrospinal fluid (CSF) prcdominantly originates in
the central noradrenergic neurons (O’Connor ct al.,
1994), while DBH in the serum originates in the sym-
pathetic nervous system (Weinshilboum 1978). Both
forms correlate strongly with cach other and arc under
a strong genctic control, with heritability of serum DBH
estimated at 0.98 and that of CSF DBH at 0.83 (Oxen-
stierna et al., 1986). DBH itself is the major quantita-
tive-trait locus (QTL) for plasma DBH activity {Cubells
ct al., 1998; Zabctian ct al., 2001). Associations with
variation in both plasma DBH activity (Wei et al., 1997,
Cubells et al.,, 1998, 2000) and CSF levels of
immunoreactive DBH protein (Cubells et al., 1998)
have been shown. The difference in measured enzyme
activity thus reflects differences in the DBH protein
level, rather than in homospecific activity (i.e., activity
per mole of cnzyme).
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Plasma DBH activity varies widely across unrelated
individuals (Weinshilboum et al., 1973). However,
developmental studies of noradrenergic trasmission
during the ageing process are conflicting and the inves-
tigation of serum noradrenaline, especially in children,
is very complicated for methodological reasons. The
activity of noradrenergic system increases with age
(Freedman et al, 1972; Ziegler et al., 1976). Paclt et al.
(2004) examined developmental changes of DBH plas-
ma activity in relation to age in humans in a represen-
tative group of children and found that DBH activity
rises continually with the exception of puberty period.
[t increases between 3—-10 years of age and then
decreases approximately at the age of 10-14 years. At
the age of 21 to 60, the DBH level is stable. These find-
ings were confirmed by experiments on animals (rats),
showing the same developmental trend of enzymatic
activity (Paclt et al., 2004). Weinshilboum and Axelord
(1971) did not find any differences in plasma DBH
activity in male and female subjects. Suzuki et al.
(1990) described developmental changes of DBH activ-
ity in CSF of children, adolescents and adults. The
results confirmed a continual rise of DBH activity in
CSF in children, with the exception of those aged 10 to
11.

In experimental animals with decreased DBH in the
serum, reduced conversion of dopamine to noradrenal-
ine reduced the negative feedback on tyrosine-hydroxy-
lase. These animals showed hyperactivity, aggression,
self-stimulation and stereotypic movements (Randrup
and Scheel-Kruger, 1966). The DBH gene therefore
suggests hyperdopaminergic transmission in ADHD
(Kirley et al., 2002). An association was made between
different allelic variation at the DBH gene and both
plasma DBH activity and CSF levels of DBH in many
studies. Polymorphisms G444A, G910T, CI1603T,
C1912T, C-10217T, 5’-ins/del and Taql exist.

Polymorphisms of DBH

C-1021T Zabetian et al. (2001) sequenced a total of
6443 bp of DBH, including the proximal 1468 bp of the
S’upstream area, all exons, and 2182 bp of the intronic
sequence in groups of individuals with very low, average
and high plasma DBH activity to locate a new polymor-
phism associated with plasma DBH activity. Their exper-
iments identified a C->T substitution located — 1021 bp
upstream of the transtational start site, within the pro-
moter, as an appropriate candidate (four from eight very
low DBH activity individuals were TT homozygous).
Subsequently, they examined C-1021T association to
plasma activity in samples from African American, Euro-
pean American and Japanese population and showed
a strong association of the TT genotype with very low
plasma DBH.

Further investigations led to the suggestion that
C-1021T could be the major functional DBH polymor-

phism. The findings of other groups support this con-
templation:

1) Dunnette and Weinshilboum (1976) reported that
the DBHY allele causes lower plasma DBH activity
by diminishing the levels of circulating DBH pro-
tein, rather than by decreasing the activity of homo-
specific enzymes. C-1021T resides within the
promoter and participates in the regulation of tran-
scription.

2) Hoyle et al. (1994) performed an experiment with
the human DBH gene in transgenic mice suggesting
that a region between -600 bp and -1100 bp contains
elements fundamental for human DBH gene expre-
sion in noradrenergic neurons.

3) Kim et al. (1998) observed that general transcription
factors Spl and CREB, as well as cell-specific fac-
tors AP2, Phox2a and Phox2b bind to proximal cis-
acting elements and have a critical role in synergic
activation of DBH gene transcription.

4) C-1021T is located in a noradrenergic cell type-spe-
cific DNAse I hypersensitive site of the DBH gene
(Ishiguro et al., 1993).

Two years later, Zabetian et al. (2001) published
their results of an experiment that investigated the LD
structure of the DBH gene. They assumed C-1021T as
a true functional polymorphism and examined the LD
between C-1021T and another 11 markers, symetrically
distributed around C-1021T, and what is the relation-
ship of each marker to plasma activity. They identified
a block of LD at the DBH locus, including C-1021T
that spanned across nearly 10 kb of its surroundings. All
of these five markers within the LD block (-2124C->T,
-1021C->T, IVS1+109G->C, 444A->G  and
IVS4+601C->T) are strongly associated with the phe-
notype.

5°’-ins/del This polymorphism, named 5’-ins/del,
consists of 19 base-pair insertion/deletion approximate-
ly 4.7 kb 5” from the transcriptional start site, -4784-
4803del (Cubells et al., 2000). This region resides
within the locus that Hoyle et al. (1994) identified as
a second positive regulatory element, between -1.5-5.8
kb (first between -600—-1100 bp) that confers cell type-
specific expression and contains an element responsible
for the transient expression. 5’-ins/del is also associat-
ed with plasma DBH activity, particularly with deletion
of lower and insertion of higher level of plasma DBH
(Cubells et al., 2000). These results also showed that
5’-ins/del is in positive LD with another plasma DBH-
associated polymorphism G444A and haplotype Del-A
is associated with low plasma DBH activity in Euro-
pean American population.

G444A Cubells et al. (1998) studied the relationship
between genotypes at this synonymous polymorphism
situated in exon 2 and CSF levels of the DBH protein
and plasma DBH activity. They observed a significant
association between the G444A genotype and both bio-
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chemical phenotypes. Furthermore, investigation of
European American patients with mood or anxiety dis-
orders suggested that the 444 A allele is associated with
lower plasma DBH activity and the 444G allele with
higher plasma activity. Their results support the hypo-
thesis that DBH is a major locus influencing the plasma
DBH activity and the CSF DBH protein levels.
Although polymorphism G444A alters the third base of
a Glu codon, the primary structure of DBH protein does
not alter. The alterations of CSF levels of DBH protein
and plasma DBH activity in coherence with this poly-
morphism may be explained by G444A residing at the
splice junction between exon 2 and intron 2 of DBH.
Kobayashi et al. (1989) demonstrated that appropriately
spliced mRNAs contain either G or A allele. Neverhe-
less, this substitution could modify the efficiency of the
mRNA splicing, thereby affecting levels of mature DBH
mRNA and causing the differences in levels of DBH.
Cubells et al. (2000) also analysed linkage disequilibri-
um (LD) between G444A polymorphism and another
plasma DBH-associated diallelic variant — 5’-ins/del—
and confirmed their positive LD.

G910T This single nucleotide polymorphism (SNP)
is non-synonymous and is located in exon 5. The dif-
ference at the nucleotide 910 causes an amino-acid
alteration between Ala (A) and Ser (S) at the amino-
acid residue 304 (Ishii et al, 1991). Ishii et al (1991)
expressed the two gene variants in COS cells and sug-
gested homospecific activities of DBH. The two forms
of protein showed enzyme activities, were immunore-
active, both of them had similar kinetic constants but
different homospecific activities. Ishii et al. (1991)
found a 13-fold diference in homospecific DBH activi-
ty between 910G and 910T alleles, with 910T encoding
the lower homospecific active form. Zabetian et al.
(2001) examined A304S in groups of individuals repre-
scnting phenotypic extremes with very low DBH activ-
ity levels. The samples were from African American,
European American and Japanese population, but there
were no deviations from the Hardy-Weinberg equilibri-
um (HWE) in these cases. Furthermore, Cubells and
Zabetian (2004) examined the potential functional con-
sequences of A304S. They used the SIFT software to
predict whether an amino-acid substitution affects pro-
tein function and established that A304S should be well
tolerated. Interestingly, both alleles are presented in
most human populations representing all major geo-
graphic regions, but only two population samples con-
tained 910T (304S) homozygotes (Danes and Adygei).
910G (304A) is always a more common allele, with fre-
quencies greater than 0.8 in every investigated group
(Cubells et al., 1997). Further work will be necessary to
evaluate the contribution of this polymorphism to heri-
table variation in the level and activity of DBH in serum
and CSF and eventually to ADHD.

C1603T The other non-synonymous SNP is C1603T
in exon 2, +1603 base pair from the start site of transla-

tion. It encodes a non-conservative difference in the pri-
mary amino-acid sequence Arg535Cys and current
results suggest that an allelic variance is responsible for
a change in homospecifity of the enzyme (Tang et al.,
2005). Whereas plasma DBH activity is mostly influ-
enced by the level of circulating DBH protein (O"Con-
nor et al., 1983), in this case the 1603T allele (encoding
535Cys) appears to exhibit an additional effect due to
a decline in homospecific activity. The DBH holoen-
zyme is a homotctramer and Arg535Cys substitution
may cause disulphide bridge formation, thus altering
the homospecific activity of DBH. Additionally, difer-
ences in exocytotic rclease of the DBH protein or in its
clearance from the plasma (Tang et al., 2005) may
occur. The research using the SIFT software predicted
that SNP C1603T would be weakly tolerated and thus
might affect DBH function, because Arg is conserved in
all available sequences that include the 3’end of the
gene (Cubells and Zabetian, 2004). Zabetian et al.
(2001) supported this prediction. They found a small
but significant contribution to the variancc of plasma
DBH activity of this SNP. Tang et al. (2005) confirmed
previous results. They estimatced the biological effect of
C1603T on plasma DBH activity in a diagnostically
heterogenous group of Europcan population. In this
sample, the C-1021T genotype was found, and it was
confirmed that no significant LD between both poly-
morphisms existed. These authors detected a significant
additional effect of C1603T in the plasma DBH vari-
ance. C-1021T SNP accounts for 35-52% of the vari-
ance in the trait across populations of different
geographic origin (Zabetian et al., 2001), C1603T may
explain additional 2% of variance. The low-activity
1603T allele is relatively rare, with an occurrence of
approximately 4% in thc European population (Tang et
al., 2005).

C19127 This SNP, located in exon 12, represents
another member of the non-synonymous polymorphism
group. It changes the first nucleotide in the codon for
Arg, +1912 base pair from the start site of translation,
which leads to substitution Arg->Cys. Arg->Cys should
be weakly tolerated (Cubels and Zabetian, 2004). Exon
12 encodes the 3’-terminal region spanning from
nucleotide +1681 to +2693 of type A cDNA and +1681
to +2393 of type B of the DBH gene. Kobayashi et al.
(1989) examined both types of mRNA and showed evi-
dence of inherence of two polyadenylation sites corre-
sponding to types A and B in exon 12. The A and B
types are produccd by alternative polyadenylation.

Taql The effect of this DBH SNP on the DBH levels
is not completely understood. It is situated in intron 5
(IVS5+192C->T) and is easily genotyped by differen-
tial cleavage with the restriction endonuclease Tagl
(Cubells and Zabetian, 2004).
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difference in the DBH Taql A polymorphism could be
attributed to population stratification, resulting in
a false-positive association of the Al allele with ADHD
(Smith et al., 2003).

Which polymorphisms are the most important in the
ADHD and low DBH plasma activity? Which of them
have the major role and which of them cause additional
effccts? The role of other DBH polymorphisms is
unknown because these polymorphisms were not studied
in connection with ADHD. In patients with hyperkinct-
ic syndrome and in non-socialized conduct disorder
patients, reduced DBH activity in serum and urine were
recorded (Bowden et al., 1988; Rogeness et al., 1989a,
b; Paclt and Koudelova, 1990; Gabel et al.,, 1993;
Galvin et al., 1995, 1997; Comings et al., 1996, 1999).

Another question is the correlation between low
DBH activity and prenatal hypoxia. Koudelova et al.
(1989) found that hypoxia (hyperbaric chamber)
dccreased the DBH activity in experimental animals
(rats), particularly in very young ones (5 days after
delivery).

Many conflicting suggestions may emecrge as a result
of diagnostic problems connected to ADHD with co-
morbidity and changes of symptoms in patients under 5
years of age or older than 10. Further investigation of
polymorphisms in the DBH gene in connection with
ADHD and DBH plasma activity should be done to
provide a better understanding of this disorder.
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Depletion of T, Cells Augments the Therapeutic Effect

of Cancer Vaccines

J. BUBENIK

Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Prague, Czech Republic

Immune responses are controlled by both positive
(upregulatory) and negative (downregulatory)
signals. T cells generating the upregulatory signals, T
helper (Ty) cells, were intensively studied in a variety
of experimental systems and their crucial role for
immune surveillance can be demonstrated during
human immunodeficiency virus (HIV) infection. HIV
utilizes for its entry into human organisms surface
receptors on Ty cells. The cytopathogenic and other
effects of HIV lead to the Ty cell depletion, breakdown
of immune responses, including breakdown of the resis-
tance to various pathogens and some ncoplasms. There-
fore, the infection of the AIDS patients with pathogens
that are harmless for HIV-uninfected individuals may
be lethal for the patients.

The T cells gencrating downregulatory signals were,
in analogy with CD4" Ty cells, designated as CD4™ T
suppressor (Tg) cells. For a long time their particular
phenotype and function were not known in detail. The
pioneer work of Gershon and Kondo (1970, 1971)
helped in this sense. Fujimoto et al. (1975) suggested
that Ty cells can negatively regulate tumour immunity
and contribute to tumour growth in tumour-bearing
mice. In 1980 Berendt and North provided first defini-
tive evidence that the Tg cells that can be found in
tumour-bearing individuals can inhibit tumour rejection
(see also Bursuker and North, 1984, North and Bursuk-
er, 1984). In 1995, Sakaguchi et al. demonstrated that
the CD4" Tg cells, which constitutively express inter-
leukin-2 receptor a chain (CD25), can maintain
immunologic self-tolerance and that the CD25 mole-
cules can serve as a phenotypic marker for CD4" sup-
pressors designated here as CD4" regulatory T cells
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(Tyegs)- These authors have shown that breakdown of
the single mechanism of self tolerance causes various
autoimmune diseases. Transfer of CD4" T cells deplct-
ed of CD25" cells into nu/nu recipients induced organ-
specific autoimmunc diseases, and co-transfer of
CD25%CD4" cells with the CD25-CD4" cells prevented
development of the diseases. Additional studies (Fon-
tenot et al., 2003; Hori et al. 2003) have demonstrated
that the transcription factor forkhead box P3 (Foxp3) is
a key internal cellular marker of T, and a primary
developmental and functional factor for CD4"CD25"
Tregs: At least two subpopulations of Teg exist: natu-
rally occurring T (natural T) and adaptively
induced Ty (adaptive Ty, Bluestone and Abbas,
2003). Natural T, play a crucial role in the normal
immune system by suppressing autoreactive T cells and
maintaining immune tolerance. These cells are generat-
ed in thymus and constitute 5-10 % of peripheral
CD4" T cells in mice. Adaptive T, specific for for-
eign (infectious, tumour) antigens are probably of
extrathymic origin and are generated in periphery from
the peripheral T-cell repertoire.

How can we, by depletion of T, cells, avoid
autoimmunity and enhance the tumour immunity? The
solution to this problem has not yet been definitively
reached. It is supposed that normal animals harbour
tumour-reactive T cells that are potentially capable of
eradicating autologous tumours, but their activation and
expansion is being suppressed by the presence of natur-
al Tye, that maintain self-tolerance. In some models it
has been shown that the intensity and spectrum of
autoimmune responses elicited by removal of T,y
depend on the degree and duration of depletion, the age
of the animals, their genetic background and route of
the depleting antibody administration. Thus, tumour
immunity could perhaps be evoked without serious
autoimmunity by limiting the duration, the degree, and
the mode of T, depletion, and by taking into consider-
ation the age and genetic makeup of the tumour host
(for review and discussion, see Mahic et al., 2006;
Yamaguchi and Sakaguchi, 2006).

In vivo depletion of CD25% T cells was capable of
inhibiting, reducing, or preventing growth of a variety
of murine neoplasms, such as melanoma B16, sponta-
neous leukaemias ASL1 and AKSL2, EL-4 leukaemia,
radiation-induced leukaemias RL1 and RLS, plasmacy-
toma X5563, mastocytoma P815, mineral oil-induced
mveloma MOPC70-A, methvicholanthrene-induced






