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Abstract Attention deficit hyperactivity disorder

(ADHD) is a common neurobehavioral pathology charac-

terized by distinct degrees of inattention, hyperactivity and

impulsivity. Although ADHD etiology remains elusive, the

ADRA2A candidate gene underlies a particular interest,

since it participates in the prefrontal cortex regulation of

executive function. Three SNPs located on 50 and 30UTR

regions of the gene have been extensively explored but

none of them have been definitely validated as a predis-

position or a causative sequence variation. In this study, in

order to determine whether ADRA2A non-synonymous

sequence variants, resulting in biochemical modifications

of the protein, are a common cause of the disease we

sequenced the complete ADRA2A coding region in a panel

of ADHD children of Colombian origin. We identified the

c.1138 C[A (p.Arg380Arg) silent substitution. We con-

clude that ADRA2A non-synonymous sequence variants do

not cause ADHD in our sample population. We cannot

formerly discard a potential role of this gene during ADHD

pathogenesis since only the coding region was analysed.

We hope that these results will encourage further

researchers to sequence the promoter and coding regions of

ADRA2A in large panels of ADHD patients from distinct

ethnical origins.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a

common neurobehavioral pathology characterized by dis-

tinct degrees of inattention, hyperactivity and impulsivity,

which appear during childhood and lead to different types

of impairment. Despite advances in the diagnosis and

treatment of behavior disorders, ADHD etiology remains

poorly understood. Candidate gene approaches led to pro-

pose molecular markers within relevant genes, such as

DRD4, DRD5, HTR1B, SLC6A4, SNAP-25, DBH and

SLC6A [1, 2]. Although several reports proposed genetic

associations of SNPs located within further pertinent can-

didate genes (e.g. DRD2, HTR1B, COMT, CHRNA4,

GRIN2A, ADRA2A), they frequently displayed discordant

results due to the phenotypic and genetic complexities of

the disease [1, 3, 4].

Among ADHD candidate genes ADRA2A underlies a

particular interest, since it participates in the prefrontal

cortex (PFC) regulation of executive functions and emotion

[5]. The noradrenaline stimulation of ADRA2A receptors,

located on the spines of PFC pyramidal cells, contributes to

strengthen synaptic connections by closing ion channels
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e-mail: paul.laissue@urosario.edu.co

D. J. Fonseca � C. M. Restrepo � P. Laissue
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responsible to modulate the synaptic inputs. Up to now,

three SNPs (rs1800544, rs1800545, rs553668) located on 50

and 30UTR regions of the gene have been extensively

explored by linkage and association studies but none of

them have been definitely validated as a predisposition or a

causative sequence variation [6].

ADHD, as well as other behavioral phenotypes, might

originate from small to moderate additive effects conferred

by genomic variants located on coding and regulatory

regions of many genes. Similarly to other common

pathologies, ADHD might also be caused by effects of non-

synonymous variants present in a small repertoire of key

genes [7]. The identification of such mutations underlines a

particular interest as it would permit a better understanding

of molecular pathways related to physiological and path-

ological traits. Therefore, we hypothesize that non-synon-

ymous ADRA2A sequence variants, resulting in

biochemical modifications of the protein, might cause

ADHD.

Patients and methods

Eighty-four ADHD children were recruited from low and

medium socioeconomic public and private schools of Bo-

gotá, Colombia. Clinical screening was performed fol-

lowing DSM IV-ADHD criteria. Experienced neurologists

and psychiatrists reviewed all clinical diagnosis. To con-

firm ADHD, we performed in teachers and patients0 par-

ents, the Behavior Assessment System for Children Scale

(BASC). The Revised Wechsler Intelligence Scale for

Children (WISC-R) was used to exclude children with

cognitive deficits: children with score below 70 were not

taken into account for the study. This methodology allowed

us to identify 31 children belonging to the inattentive type,

11 to the hyperactive-impulsive type and 42 to the com-

bined type (Table 1). Clinical examinations include gen-

der, age and full IQ scale classification (Table 1).

Individuals with parents0 reports of other neurological

impairment were excluded from the study. Parents pro-

vided a written informed consent on behalf of their chil-

dren. Clinical and experimental steps of this study were

approved by the School of Medicine Ethics Committee (El

Rosario University).

Genomic DNA from patients was obtained from whole

blood samples using the phenol–chloroform procedure.

The complete coding region of the gene was amplified by

PCR using exon-flanking primers. ADRA2A open reading

frame was sequenced with internal primers. Sequences

were compared to that of the ADRA2A wild type version

(ENSG00000150594). NCBI and Ensembl databases of

SNPs were used to identify previously reported sequence

variants.

Results and discussion

Sequencing analysis of the complete ADRA2A coding region

revealed the synonymous c.1138 C[A (p.Arg380Arg) vari-

ant. This nucleotide change, which was present at homozy-

gous and heterozygous states, was previously reported in

public databases of SNPs (rs1800038) (Table 2). We did not

find further sequence variants.

The potential association between ADRA2A sequence

variations and ADHD etiology was explored for the first

time by Xu and co-workers [8]. In this study the -1291C[G

SNP (rs1800544) was genotyped in ADHD patients and

non-affected relatives but no association was encountered.

Since then, further studies on this and other ADRA2A

specific SNPs (e.g. rs1800545, rs553668) have been per-

formed [5, 9–17]. Unfortunately, they did not permit to

formerly associate them to the phenotype, as in some cases

they displayed contradictory results. Some studies identi-

fied an association of the ADRA2A -1291 C[G sequence

variant with the phenotype. For instance some of them

Table 1 Demographic and clinical characteristics of ADHD patients

ADHD patients

Number 84

Mean age 8.7 (SD = 2.6)

Female 16 (19 %)

Male 68 (81 %)

Full IQ scale 92.2 (SD = 14.9)

Inattentive type 31 (36.9 %)

Hyperactive-impulsive type 11 (13.1 %)

Combined type 42 (50 %)

SD standard deviation

Table 2 Allelic and genotypic frequencies of the ADRA2A c.1138

C[A sequence variant identified in Colombian ADHD patients

AFa GFb

C A CC CA AA

Total ADHD

(n = 84)

0.88 0.12 65 (77.4 %) 18 (21.4 %) 1 (1.2 %)

Inattentive

(n = 31)

0.85 0.15 22 (70.9 %) 9 (29.1 %) 0

Hyperactive-

impulsive

(n = 11)

0.90 0.10 9 (81.8 %) 2 (18.2 %) 0

Combined

(n = 42)

0.89 0.11 34 (80.9 %) 7 (16.7 %) 1 (2.4 %)

a Allelic frequency
b Genotypic frequency
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described an association between this SNP and the inat-

tentive symptoms observed in ADHD individuals [18, 19].

Other report, described an association with both hyperac-

tive and inattentive symptoms [10, 20]. Finally, further

studies did not show an association with the disease [1].

This scenario suggests that assortments of sequence vari-

ants (haplotypes) located on regulatory and/or coding

regions of the gene might contribute to the phenotype. On

this point, Park et al. [10] suggested that the less common -

1291G allele contributes to an increased risk to ADHD,

especially when inattentive clinical features are considered.

In addition, the potential role of this SNP has been related,

by pharmacogenetics, with differential clinical responses to

methylphenidate (MPH). Indeed, some reports show that

the G allele improves the pharmacological response to this

molecule [21–23].

In the present study, we hypothesized that nucleotide

substitutions located on the ADRA2A coding region might

alter the intrinsic physicochemical properties of the protein

and, in fine, provoke and/or contribute to ADHD pheno-

type. From this point of view, we estimate that the syn-

onymous nucleotide substitution described here is not

related to the disease, since it does not modify the

ADRA2A aminoacid sequence. However, we cannot for-

merly discard a potential role of this gene during ADHD

pathogenesis since only the coding region was analysed.

The sequence variant found in our study might constitute a

part of an haplotype, which might include previously

described or undiscovered sequence variants. Furthermore,

although the present work represents the largest molecular

study performed in Colombian ADHD patients, we esti-

mate that the small sample size constitutes a limitation. We

hope that these results will encourage further researchers to

sequence the promoter and coding regions of ADRA2A in

large panels of ADHD patients from distinct ethnical

origins.
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