Park et al. Behavioral and Brain Functions 2012, 8:22
http://www.behavioralandbrainfunctions.com/content/8/1/22

RESEARCH

Open Access

Possible effect of norepinephrine transporter
polymorphisms on methylphenidate-induced
changes in neuropsychological function in
attention-deficit hyperactivity disorder
Subin Park1, Jae-Won Kim1, Young-Hui Yang2, Soon-Beom Hong1, Min-Hyeon Park1, Boong-Nyun Kim1,
Min-Sup Shin1, Hee-Jeong Yoo3 and Soo-Churl Cho1,4*

Abstract
Background: Dysregulation of noradrenergic system may play important roles in pathophysiology of
attention-deficit/hyperactivity disorder (ADHD). We examined the relationship between polymorphisms in the
norepinephrine transporter SLC6A2 gene and attentional performance before and after medication in children
with ADHD.
Methods: Fifty-three medication-naïve children with ADHD were genotyped and evaluated using the continuous
performance test (CPT). After 8-weeks of methylphenidate treatment, these children were evaluated by CPT again.
We compared the baseline CPT measures and the post-treatment changes in the CPT measures based on the
G1287A and the A-3081T polymorphisms of SLC6A2.
Results: There was no significant difference in the baseline CPT measures associated with the G1287A or A-3081T
polymorphisms. After medication, however, ADHD subjects with the G/G genotype at the G1287A polymorphism
showed a greater decrease in the mean omission error scores (p = 0.006) than subjects with the G/A or A/A
genotypes, and subjects with the T allele at the A-3081T polymorphism (T/T or A/T) showed a greater decrease in
the mean commission error scores (p = 0.003) than those with the A/A genotypes.
Conclusions: Our results provide evidence for the possible role of the G1287A and A-3081T genotypes of SLC6A2 in
methylphenidate-induced improvement in attentional performance and support the noradrenergic hypothesis for
the pathophysiology of ADHD.
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Background
Attention-deficit hyperactivity disorder (ADHD) is a disorder primarily characterised by inattention, impulsivity,
and hyperactivity, with a worldwide prevalence of 5.3% [1].
It has an estimated heritability of approximately 76 percent and is thought to be a complex, polygenic disorder
[2].
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Although the aetiology of ADHD is not fully understood, there is evidence that dysregulation of the central
noradrenergic system and the dopaminergic system may
be involved in the pathophysiology of ADHD [3,4]. The
central noradrenergic system is involved in the modulation of attention, working memory, and response inhibition, and it has been suggested that norepinephrine
improves attention by increasing the signal-to-noise
ratio of dopamine-containing neurons, particularly in
the prefrontal cortex [5-7]. The hypothesis that the noradrenergic system is involved in ADHD has been largely
driven by the understanding that medications for the
disorder have drug targets in the catecholamine
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neurotransmitter system. It has been suggested that methylphenidate (MPH), when administered for the treatment of ADHD, acts by inhibiting the norepinephrine
transporter (NET) [8] and the dopamine transporter [9]
and stimulating the noradrenergic alpha2 receptor and
the dopamine D1 receptor [9]. The clinical efficacy of
atomoxetine, a highly selective noradrenergic reuptake
inhibitor, in treating ADHD patients is also consistent
with noradrenergic involvement in the pathophysiology
of ADHD [10,11].
The gene (SLC6A2) that codes for NET, located on
chromosome 16q12.2, is a candidate gene for association
with ADHD [12-14]. A-3081T single nucleotide polymorphism (SNP) (rs28386840) in the promoter region
and a G1287A SNP (rs5569) in exon 9 are the two major
polymorphisms investigated in relation to this disorder;
however, the findings are inconsistent. Kim et al. [15]
demonstrated that the T allele at the -3081 polymorphism was associated with ADHD and significantly
decreased promoter function, as compared to the A allele. Joung et al. [16] also found an association between
the presence of the T allele at the -3081 polymorphism
and the occurrence of ADHD in a Korean population.
According to a study by Yang et al. [17], the A/A genotype at the G1287A polymorphism was associated with a
poor response to MPH treatment in a Chinese ADHD
population. Although several other studies that followed
did not find a significant association between the A3081T or G1287A polymorphisms and ADHD [18-20],
recent studies that examined Korean children with
ADHD found associations between the G/G genotype at
the G1287A polymorphism [21] or the presence of the T
allele at the -3081 polymorphism [22] and an adequate
response to MPH treatment.
Noradrenergic dysfunction related to norepinephrine
transporter-mediated mechanisms may be associated
with cognitive impairments in ADHD. The continuous
performance test (CPT) is one of the most widely used
neuropsychological tests in ADHD. The test assesses
several aspects of attentional performance, including
sustained attention in response to target stimuli and inhibitory control in response to non-target stimuli [23]. A
meta-analytic review by Frazier et al. [24] reported that
the CPT measures possess the largest effect size for the
diagnosis of ADHD, and the measures of CPT have recently been proposed as a promising endophenotype for
ADHD [25]. A number of studies, most of which focused on dopaminergic genes [26], were designed to investigate the genetic basis of CPT measures. In contrast,
only a few studies have explored the association between
NET genes and CPT measures. Kollins et al. [25]
reported an association between a SLC6A2 SNP
(rs3785155) and response time variability of the CPT in
364 individuals from 152 families with at least one child
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diagnosed with ADHD. However, in a study by Cho
et al. [18], there were no significant associations between
genotypes of the G1287A and the A-3081T polymorphisms and the CPT measures. More recently, Song et al.
[27] reported that subjects with the homozygous G/G
genotype at the G1287A SNP showed significantly lower
commission errors than subjects without the G/G
genotype.
Considering the associations between NET genes and
the response to MPH treatment or CPT measures previously reported, we propose that there may be an association between the polymorphisms of SLC6A2 and MPHinduced changes in CPT. To our knowledge, there have
been no studies of the association between SLC6A2 and
MPH-induced changes in CPT. An examination of such
an association would inform the roles of the genetic
polymorphisms of SLC6A2 in the effectiveness of MPH
treatment on core deficits of ADHD and further clarify
the roles of the noradrenergic systems in the genetic
basis of ADHD. Thus, we examined the relationship between the presence of the G1287A or A-3081T polymorphism within the SLC6A2 gene and CPT
measurements before and after 8 weeks of MPH treatment in children with ADHD.

Methods
Subjects

We recruited 53 children with ADHD from a child psychiatric clinic at Seoul National University Hospital in
South Korea. Inclusion criteria were 1) diagnosis with
ADHD according to the DSM-IV criteria, as ascertained
by a child psychiatrist; and 2) age 6–18 years. Exclusion
criteria were 1) any other mental disorders except for
mild oppositional defiant disorder and anxiety disorder
not requiring medication; 2) a past or present history of
neurological illness; 3) an IQ below 70; 4) learning disabilities; 5) any history of substance abuse; and 6) previous treatment with MPH. All participants were drugnaïve at the time of study entry. To diagnose ADHD and
any comorbid disorders, we used the Korean KiddieSchedule for Affective Disorders and SchizophreniaPresent and Lifetime Version (K-SADS-PL) [28]. We
assessed intellectual abilities using the Korean version of
the Wechsler Intelligence scale for Children (KEDIWISC) [29].
Procedures

Before medication, parents of participants completed an
attention-deficit hyperactivity disorder rating scale
(ADHD-RS), and participants underwent CPTs. Subjects
received 0.35 ~ 1.77 mg/kg/day MPH (either extendedrelease MPH or osmotic release oral system MPH) for
8 weeks. Doses were adjusted depending on each
patient's symptom severity and drug tolerability. The
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mean dose of MPH was 0.86 (SD 0.29) mg/kg/day. The
maximum dose was 54 mg/day. All subjects took medications once per day in the morning. After 8 weeks’
MPH treatment, the ADHD subjects underwent the
CPT again. On the day of the CPT, patients were
instructed to take MPH in the morning as usual.
This study was conducted as part of a Health &
Medical Technology R&D program and was approved
by the institutional review board (IRB) for human subjects at the Seoul National University Hospital. Parents/
guardians provided written informed consent, and the
children provided verbal assent to participate in this
study.
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and 72°C for 1 min; with a final extension at 72°C for
3 min. Following the PCR, unincorporated dNTP was
removed by the addition of 0.3 U of shrimp alkaline
phosphatase and incubation for 20 min at 37°C, followed
by 5 min at 85°C for enzyme inactivation. The total volume of each reaction was 9 μl, including hME enzyme
(Thermo Sequenase, GE Healthcare, UK), ACT termination mix, and 5 μM of extension primer. The primer
extension protocol was started at 94°C for 2 min, followed by 55 cycles at 94°C for 5 sec, 52°C for 5 sec, and
72°C for 5 sec. After desalting the reaction products with
SpectroCLEAN (Sequenom), samples were analysed in
the fully automated mode with a MALDI-TOF MassARRAY system (Bruker-Sequenom, California, USA).

Neuropsychological assessments

We used a computerised CPT [23] to measure the
neuropsychological functions of the children with
ADHD. The Korean version of the CPT has been standardised, and its validity and reliability are well established [30]. The four variables recorded were (1)
omission errors (failure to respond to the target), which
are commonly interpreted as a measure of inattention;
(2) commission errors (responding inappropriately to
the non-target), which are commonly interpreted as a
measure of impulsivity; (3) response times for correct
responses to the target, which are interpreted as a measure of information processing and motor response
speed; and (4) the standard deviation of the response
times for correct responses to the target (response time
variability), which is interpreted as a measure of variability or consistency of attention.
Genotyping

Genomic DNA was extracted from whole blood lymphocytes using a G-DEXTM II Genomic DNA Extraction
Kit (Intron, Korea). The detection of a single nucleotide
polymorphism was based on an analysis of primer extension products generated from previously amplified genomic DNA, using a chip-based matrix-assisted laser
desorption/ionisation time-of-flight (MALDI-TOF) mass
spectrometry platform (Sequenom, California, USA).
The SLC6A2 polymorphisms were genotyped as previously described [15] with slight modifications. In brief,
oligonucleotide primers [5’ - ACG TTG GAT GAG
ACC CTA ATT CCT GCA CCC and 5’ - ACG TTG
GAT GTT CAG GAC CTG GAA GTC ATC for the
G1287A polymorphism] were used to generate polymerase chain reaction (PCR) products. The PCR was performed in a volume of 5 μl containing 1 X PCR buffer
(TAKARA, Japan), 2.5 mM MgCl2, 0.2 mM of each
dNTP, 0.1 U HotStarTaq Polymerase (Qiagen, Germany),
8 pM of each primer, and 4.0 ng of genomic DNA. The
program consisted of denaturation at 95°C for 15 min;
followed by 45 cycles at 95°C for 20 sec, 56°C for 30 sec,

Statistical analysis

Allele frequency was determined, and the Hardy-Weinberg equilibrium was calculated using a goodness-of-fit
χ2 test.
Due to the small number of individuals with the A/A
genotype for the G1287A polymorphism, the subjects
were dichotomized according to whether or not they
possessed the rare A allele (recessive model). For the A3081T polymorphism, which follows a co-dominant inheritance pattern, subjects were dichotomized according
to whether or not they possessed the T allele, and this
methodology was based on our previous study that
found an improved response to MPH treatment in
ADHD subjects with the T allele as compared to those
without [22].
Group differences in the clinical variables involving continuous data were computed using an independent two
sample t-test. Between-group comparisons involving categorical data were assessed using the χ2 test or Fisher’s
exact test. The association between the evaluated genotypes
and the neuropsychological measurements was investigated
using a one-way analysis of variance (ANOVA) or independent two sample t-tests. Between-group differences
according to genotype were assessed based on the percent
change
in
the
CPT
measurements
[
ðposttreatment CPT scorebaseline CPT scoreÞ

100],
rather
than
on
inbaseline CPT score
herent changes, to exclude the influence of baseline CPT
scores on the MPH-induced changes to CPT scores. All
statistical analyses were performed using SPSS (version
12.0; SPSS Inc., Chicago, IL). The significance level was set
at p = 0.05/2(SNPs)*4(outcome measures) = 0.006.

Results
Of the 53 subjects in this study, 45 (84.9%) were boys
and 8 (15.1%) were girls. According to the DSM-IV criteria, the combined subtype is the most common
(N = 36, 67.9%), followed by the inattentive (N = 14,
26.4%) and hyperactive-impulsive (N = 3, 5.7%) subtypes.
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The G1287A genotype analysis of SLC6A2 revealed
that the G/G genotype was observed in 31 subjects
(58.5%), the A/G genotype in 19 subjects (35.8%), and
the A/A genotype in 3 subjects (5.7%). The A-3081T
genotype analysis of SLC6A2 revealed that the T/T genotype was observed in 12 subjects (18.9%), the A/T genotype in 28 subjects (52.8%), and the A/A genotype in 13
subjects (24.5%). The distributions of the genotypes for
the G1287A and the A-3081T polymorphisms were in
agreement with the expected values of the Hardy-Weinberg equilibrium (p > 0.99 and p = 0.790, respectively).
Table 1 shows the demographic and clinical characteristics of the ADHD subjects according to their G1287A
and A-3081T genotypes. When dichotomised according
to whether the subjects have the rare allele or not (G/G
vs. A/G + A/A for G1287A and A/A vs. A/T + T/T for A3081T), there were no significant group-differences in
age, gender, intelligence, frequency of subtype, or score
of ADHD-RS.
There were no significant group differences in the
baseline scores on the CPT according to the G1287A
and the A-3081T genotypes (Tables 2 and 3). However,
after 8 weeks’ treatment with MPH, subjects with the G/
G genotype at the G1287A polymorphism showed more
improvement in the mean omission error scores

(p = 0.006) than those with the A/G or A/A genotypes.
Subjects with the G/G genotype showed the greatest decrease in omission errors, flowed by those with the A/G
genotype and the A/A genotype (p = 0.023), although the
small number of subjects with the A/A genotype limited
statistical comparisons among the three genotypes
(Table 2, Figure 1A). Subjects with the A/A genotype at
the A-3081T polymorphism showed less improvement
in the mean commission error scores (p = 0.003) than
those with the A/T or T/T genotypes. Subjects with the
T/T genotype showed the greatest decrease in commission errors, followed by the A/T genotype and A/A
genotype (p = 0.007). Actually, the numbers of commission errors of subjects with the A/A genotype increased
after treatment, while those of subjects with other genotypes decreased (Table 3, Figure 1B).

Discussion
We found significant associations between MPHinduced changes in omission errors of the CPT and the
NET G1287A genotype as well as between MPHinduced changes in commission errors of the CPT and
the NET A-3081T genotype in Korean children with
ADHD. Patients with the G/G genotype at the G1287A
polymorphism showed a greater improvement in

Table 1 Demographic and clinical characteristics of ADHD subjects according to G1287A and A-3081T genotypes of SLC6A2
G1287A
GG (n = 31)
N (%)

AG + AA (n = 22)
N (%)

Sex

A-3081T
X2

p-value

0.06

>0.99

AA (n = 13)
N (%)

AT + TT (n = 40)
N (%)

X2

p-value

0.39

0.662

3.87

0.145

Male

26 (83.9)

19 (86.4)

12 (92.3)

33 (82.5)

Female

5 (16.1)

3 (13.6)

1 (7.7)

7 (17.5)

Combined

23 (74.2)

13 (59.1)

6 (46.2)

30 (75.0)

Inattentive

8 (25.8)

6 (27.3)

6 (46.2)

8 (20.0)

0 (0)

3 (13.6)

1 (7.7)

2 (5.0)

ODD

2 (6.5)

4 (18.2)

0

6 (15.0)

2.20

0.317

Anxiety disorder

4 (12.9)

3 (13.6)

0.01

>0.99

1 (7.7)

6 (15.0)

0.46

0.667

Tic disorder

1 (3.2)

1 (4.5)

0.06

>0.99

1 (7.7)

1 (2.5)

0.73

0.434

2 (6.5)

0

1.48

0.505

1 (7.7)

1 (2.5)

0.73

0.434

Mean (SD)

Mean (SD)

t

p-value

Mean (SD)

Mean (SD)

t

p-value

ADHD subtype

Hyperactive-impulsive

4.67

0.097

Comorbidity

Enuresis

1.76

0.219

9.01 (1.96)

9.12 (1.99)

−0.19

0.848

9.26 (2.06)

8.45 (1.47)

1.31

0.198

IQ

108.74 (14.25)

109.27 (11.54)

−0.14

0.886

109.42 (14.90)

108.83 (12.69)

0.16

0.876

ADHD-RS, total

28.45 (10.60)

28.18 (9.97)

0.09

0.926

24.92 (13.28)

29.45 (8.98)

−1.40

0.169

Inattentive

16.13 (6.38)

15.27 (5.22)

0.52

0.607

14.31 (6.92)

16.25 (5.53)

−1.03

0.306

Hyperactive-impulsive

12.32 (5.49)

12.91 (6.52)

−0.35

0.725

10.62 (7.58)

13.20 (5.18)

−1.39

0.171

Mean dose, mg/kg

0.86 (0.33)

0.86 (0.25)

−0.01

0.996

0.78 (0.31)

0.89 (0.28)

−1.10

0.277

Age

Abbreviations: ADHD attention-deficit hyperactivity disorder, ADHD-RS ADHD-Rating Scale.
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Table 2 Baseline neuropsychological characteristics and post-treatment changes according to the G1287A genotype of
SLC6A2
GG (=31)

GA(n = 19)

AA(n = 3)

Mean (SE)

Mean (SE)

Mean (SE)

GG (n = 31)

Omission errors

66.87(4.18)

61.16(4.68)

52.00 (4.62)

0.421

66.87(4.18)

Commission errors

54.97 (3.44)

61.74 (6.61)

53.00 (7.55)

0.567

54.97 (3.44)

Response time

58.52 (2.98)

54.95 (3.40)

55.67 (2.85)

0.728

58.52 (2.98)

Response time variability 66.26 (2.77)

64.95 (4.85)

67.00 (8.02)

0.961

66.26 (2.77)

p-value Mean (SE)

GA + AA (n = 22)
Mean (SE)

Difference (95% CI)

p-value

59.91 (4.12)

6.96 (-5.20-19.12)

0.256

60.55 (5.75)

−5.58 (-18.27-7.12)

0.382

55.05 (2.94)

3.47 (-5.20-12.14)

0.425

65.23 (4.27)

1.03 (-8.75-10.82)

0.833

Baseline

Post-treatment change (%)a
Omission errors

−17.03 (3.25) −2.09 (4.96)

−0.30 (4.19) 0.023

−17.03 (3.25)

−1.85 (4.3)

−15.19 (-25.81 to -4.57) 0.006

Commission errors

−5.89 (3.74)

−3.23 (5.47)

−0.8 (1.83)

−5.89 (3.74)

−2.90 (4.72)

−2.98 (-14.95-8.99)

0.619

Response time

0.35 (6.16)

−13.19 (6.23) −6.33 (7.20) 0.338

0.35 (6.16)

−12.26 (5.45)

12.61 (-4.75-29.96)

0.151

−4.39 (2.96)

−6.89 (3.11)

−4.70 (2.62)

−5.09 9-16.93-6.75)

0.392

Response time variability −6.89 (3.11)
a ðposttreatment CPT scorebaseline CPT scoreÞ

baseline CPT score

0.870

−6.70 (5.27) 0.678

 100.

omission errors of the CPT than those with the G/A or
AA genotype, and patients with the T allele as one of the
alleles (A/T or T/T genotypes) at the A-3081T polymorphism showed a greater improvement in commission errors of the CPT than those with the A/A
genotype.
No differences in pre-treatment CPT performance
were associated with the G1287A or the A-3081T genotypes, consistent with our previous study [18]. However,
our finding is inconsistent with the recent study by Song
et al.[27], which reported that subjects with the G/G
genotype at the G1287A polymorphism showed significantly lower commission errors than those without the
G/G genotype (p = 0.026). The alpha level of their study
(p < 0.05) was less conservative than that of our study
using the Bonferroni correction (p < 0.006).
The omission errors are an indicator of deficits in sustained attention in response to target stimuli. Our data
showed that the G1287A polymorphism may affect the

outcome of MPH treatment on sustained attention deficits in ADHD, with the G/G genotype being associated
with the greatest MPH-induced decrease in omission
errors. This result with MPH is consistent with the
results reported by Yang et al. [17], which indicated that
Chinese ADHD subjects with the G allele (G/A or G/G
genotypes) showed more symptom improvement in response to MPH than those with the A/A genotype, and
the results of Song et al. [21], which showed that Korean
ADHD subjects with the G/G genotype evinced more
symptom improvement than those with the A allele (G/
A or A/A genotypes). Together, these findings suggest a
possible adventitious effect of the G allele in MPHinduced improvement of inattention, whether symptomatic or neuropsychological, in ADHD.
Despite the possibility of a role of the G1287A polymorphism in treatment response, a previous association
study found no evidence of a biased transmission of any
of the alleles of the G1287A polymorphism in a sample

Table 3 Baseline neuropsychological characteristics and post-treatment changes according to the A-3081T genotype of
SLC6A2
AA (n = 13)

AT (n = 28)

TT (n = 12)

Mean (SD)

Mean (SD)

Mean (SD)

p-value

AA (n = 13)

AT + TT (n = 40)

Difference (95% CI)

Mean (SD)

Mean (SD)

Difference (95% CI)

p-value

Baseline
Omission errors

64.69 (7.00)

61.75 (3.63)

68.42 (7.14)

0.677

64.69 (7.00)

63.75 (3.31)

0.94 (-13.16-15.05)

0.894

Commission errors

51.54 (3.79)

54.64 (3.39)

69.67 (10.02)

0.088

51.54 (3.79)

59.15 (3.91)

−7.61 (-22.10-6.88)

0.297

Response time

54.15 (4.19)

58.36 (2.47)

57.25 (6.08)

0.727

54.15 (4.19)

58.02 (2.47)

−3.87 (-13.81-6.06)

0.438

Response time variability

69.15 (7.74)

64.46 (2.18

75.42 (4.32)

0.727

69.15 (7.74)

64.75 (1.97)

4.40 (-6.74-15.55)

0.431

a

Post-treatment change (%)
Omission errors

−14.12 (5.7)

−8.75 (3.78)

−11.67 (6.27)

0.728

−14.12 (5.7)

−9.63 (3.21)

−4.49 (-17.54-8.55)

0.493

Commission errors

10.05 (8.04)

−7.12 (2.92)

−14.79 (4.52)

0.007

10.05 (8.04)

−9.42 (2.49)

19.48 (6.88-32.09)

0.003

Response time

−15.82 (6.81)

1.26 (6.00)

−7.38 (10.27)

0.259

−15.82 (6.81)

−1.33 (5.18)

−14.48 (-34.35-5.39)

0.150

Response time variability

−13.12 (5.39)

−2.45 (2.33)

−6.48 (4.42)

0.150

−13.12 (5.39)

−3.66 (2.09)

−11.52 (-24.79-1.74)

0.087

a ðposttreatment CPT scorebaseline CPT scoreÞ

baseline CPT score

 100.
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Figure 1 Post-treatment change (%) in continuous performance test measurements according to the presence of the (A) G1287A
genotypes and (B) A-3081T genotypes. Only the significant results are displayed.

of Korean ADHD probands [18]. In addition, G1287A is
a silent mutation that does not encode protein variants
[31], and we cannot assume that G1287A is linked to
alleles that have an effect on NET expression. However,
G1287A is located within 5 kb from SNPs such as
rs3285157, rs998424, and rs11568324, which are known
to be associated with ADHD and in which linkage disequilibrium is very high (D0 = 0.96–1.0) [32]. Thus, it is
possible that the association between G1287A polymorphism and the MPH-induced changes in omission
errors results from the high linkage disequilibrium with
these SNPs.
The commission errors are an indicator of deficits in
response inhibition, which is considered to be the core
deficit in ADHD [33,34]. Our data showed that the A3081T polymorphism may affect the results of MPH

treatment on response inhibition in ADHD, with the T
allele being associated with an MPH-induced decrease in
commission errors. In terms of response to MPH treatment, this result is consistent with a previous Korean
study in which ADHD subjects with the T allele (A/T or
T/T genotype) showed more symptom improvement in
response to MPH than those with the A/A genotype
[22]. Unexpectedly, the numbers of commission errors
for subjects with the A/A genotype increased following
MPH treatment. However, these increases were not statistically significant (p = 0.360), and this result should be
interpreted with caution due to the small sample size.
In previous studies, the frequency of the T allele at the
A-3081T polymorphism was significantly higher in
ADHD subjects than in controls [15,16], and this allele
significantly decreased promoter function compared
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with the A allele [15]. Downregulated promoter function
of SLC6A2 and the consequent decrease in transcriptional activity in ADHD subjects with the T allele at the
-3081 polymorphism, as reported by Kim et al. [15], may
result in low levels of NET [33,34]. Our finding that
MPH induced more improvement in inhibitory control
deficits in subjects with the T allele at the -3081 polymorphism than in those without it may be explained by
reduced levels of NET within the brains of subjects with
the T allele at the -3081 polymorphism because the
NET-blocking effect of MPH may be more prominent
when the levels of NET are low. However, catecholamine-degrading enzymes like catecholamine-O-methyltransferase (COMT) or monoamine oxidase (MAO) may
degrade any catecholamine that is produced by the
NET-blocking effects of MPH. Therefore, the interaction
effects of the NET and COMT/MAO polymorphisms on
the response to MPH treatment should be investigated
in further research. A specific improvement in inhibitory
control by MPH may be explained by the therapeutic
actions of MPH being associated with the preferential
activation of noradrenergic and/or dopaminergic neurotransmission within the prefrontal cortex, which is the
brain area known to mediate response inhibition [3540]. Further studies using imaging and genetic
approaches will be required to verify the hypothesis that
the preferential action of MPH in the prefrontal region
is associated with differences in improvement in inhibitory control deficits related to the A-3081T genotypes.
Several limitations may have influenced the findings in
this study. First, the sample size of the present study is
relatively small for genotypic analysis, so the results cannot be applied to the general population and should be
interpreted carefully. Second, although the levels of performance of CPT and the frequencies of the NET polymorphisms in this study are similar to those in previous
reports, we did not compare the CPT performances and
NET polymorphisms of ADHD subjects and controls.
Third, our study assessed CPT only after short-term
MPH treatment outcomes. The MPH-induced neuropsychological changes produced by 8 weeks of MPH
therapy may not be the same as long-term MPH-related
changes. Forth, MPH was administered with no control
of adherence by investigators. Finally, only three of the
patients had the minor allele of the G1287A polymorphism, and this prevented precise statistical results.

Conclusions
This preliminary study provides evidence for the possible
roles of the G1287A and A-3081T genotypes of SLC6A2
in MPH-induced improvement in attentional performance and supports the noradrenergic hypothesis of the
pathophysiology of ADHD. Further studies using larger
sample sizes, controls, and long-term MPH treatment in
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the study designs should help to elucidate treatmentrelated neuropsychological changes related to genetic
polymorphisms.
Abbreviations
ADHD: Attention-deficit hyperactivity disorder; MPH: Methylphenidate;
NET: Norpeinephrine transporter; SNP: Single nucleotide polymorphism;
CPT: Continuous performance test; ADHD-RS: Attention-deficit hyperactivity
disorder rating scale; COMT: Catecholamine-degrading enzymes like
catecholamine-O-methyltransferase; MAO: Monoamine oxidase.
Competing interests
None of the authors have any financial interest in the study, or any other
conflict of interest.
Acknowledgements
This study was supported by the Health & Medical Technology R&D program
funded by the Ministry of Health and Welfare, Republic of Korea (A080054)
and the Basic Science Research Program through the National Research
Foundation of Korea(NRF) funded by the Ministry of Education, Science and
Technology(2011-0023888).
Author details
1
Division of Child and Adolescent Psychiatry, Department of Psychiatry, Seoul
National University College of Medicine, Seoul, Republic of Korea.
2
Department of Psychiatry, Pusan National University YangSan Children's
Hospital, Pusan, Republic of Korea. 3Department of Neuropsychiatry, Seoul
National University Bundang Hospital, Seongnam, Republic of Korea.
4
Division of Child and Adolescent Psychiatry, Department of Psychiatry, Seoul
National University College of Medicine, 101 Daehak-No, Chongno-Gu, Seoul,
South Korea.
Authors’ contributions
SCC designed the study. SCC, JWK, BNK, and YHY participated in data
collection. SBH and SP analyzed the data. SP prepared the first draft of the
report. SCC and MSS supervised the statistical analysis. SP, SBH, MHP, and
HJY interpreted the results. SP wrote the final report with input from all the
authors. All authors read and approved the final manuscript.
Received: 16 November 2011 Accepted: 16 May 2012
Published: 16 May 2012
References
1. Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LA: The worldwide
prevalence of ADHD: a systematic review and metaregression analysis.
Am J Psychiatry 2007, 164:942–948.
2. Barbara F, Benjamin MN, Stephen VF: Genome-wide association studies in
ADHD. Hum Genet 2009, 126:13–50.
3. Biederman J, Spencer T: Attention-deficit/hyperactivity disorder (ADHD)
as a noradrenergic disorder. Biol Psychiatry 1999, 46:1234–1242.
4. Prince J: Catecholamine dysfunction in attention-deficit/hyperactivity
disorder: an update. J Clin Psychopharmacol 2008, 28(3 Suppl 2):S39–S45.
5. Arnsten AF: Stimulants: Therapeutic actions in ADHD.
Neuropsychopharmacology 2006, 31:2376–2383.
6. Arnsten AF, Steere JC, Hunt RD: The contribution of alpha 2-noradrenergic
mechanisms of prefrontal cortical cognitive function. Potential
significance for attention-deficit hyperactivity disorder. Arch Gen
Psychiatry 1996, 53:448–455.
7. Arnsten AF, Li BM: Neurobiology of executive functions: catecholamine
influences on prefrontal cortical functions. Biol Psychiatry 2005, 57:
1377–1384.
8. Solanto MV: Neuropsychopharmacological mechanisms of stimulant drug
action in attention-deficit hyperactivity disorder: a review and
integration. Behav Brain Res 1998, 94:127–152.
9. Wilens TE: Effects of methylphenidate on the catecholaminergic system
in attention-deficit/hyperactivity disorder. J Clin Psychopharmacol 2008, 28
(3 Suppl 2):S46–S53.
10. Michelson D, Faries D, Wernicke J, Kelsey D, Kendrick K, Sallee FR, Spencer T:
Atomoxetine in the treatment of children and adolescents with
attention-deficit/hyperactivity disorder: a randomized, placebocontrolled, dose-response study. Pediatrics 2001, 108:E83.

Park et al. Behavioral and Brain Functions 2012, 8:22
http://www.behavioralandbrainfunctions.com/content/8/1/22

11. Gamo NJ, Wang M, Arnsten AF: Methylphenidate and atmoxetine
enhance prefrontal function through α2-adrenergic and dopamine D1
receptors. J Am Acad Child Adolesc Pscyhiatry 2010, 49:1011–1023.
12. Bobb AJ, Addington AM, Sidransky E, Gornick MC, Lerch JP, Greenstein DK,
Clasen LS, Sharp WS, Inoff-Germain G, Wavrant-De Vrieze F, et al: Support
for association between ADHD and two candidate genes: NET1 and
DRD1. Am J Med Genet B Neuropsychiatr Genet 2005, 134B:67–72.
13. Ramoz N, Boni C, Downing AM, Close SL, Peters SL, Prokop AM, Allen AJ,
Hamon M, Purper-Ouakil D, Gorwood P: A haplotype of the
norepinephrine transporter (Net) gene Slc6a2 is associated with clinical
response to atomoxetine in attention-deficit hyperactivity disorder
(ADHD). Neuropsychopharmacology 2009, 34:2135–2142.
14. Brookes K, Xu X, Chen W, Zhou K, Neale B, Lowe N, Anney R, Franke B, Gill
M, Ebstein R, et al: The analysis of 51 genes in DSM-IV combined type
attention deficit hyperactivity disorder: association signals in DRD4,
DAT1 and 16 other genes. Mol Psychiatry 2006, 11:934–953.
15. Kim CH, Hahn MK, Joung Y, Anderson SL, Steele AH, Mazei-Robinson MS,
Gizer I, Teicher MH, Cohen BM, Robertson D, et al: A polymorphism in the
norepinephrine transporter gene alters promoter activity and is
associated with attention-deficit hyperactivity disorder. Proc Natl Acad Sci
U S A 2006, 103:19164–19169.
16. Joung Y, Kim CH, Moon J, Jang WS, Yang J, Shin D, Lee S, Kim KS:
Association studies of -3081(A/T) polymorphism of norepinephrine
transporter gene with attention deficit/hyperactivity disorder in Korean
population. Am J Med Genet B Neuropsychiatr Genet 2010, 153B:691–694.
17. Yang L, Wang YF, Li J, Faraone SV: Association of norepinephrine
transporter gene with methylphenidate response. J Am Acad Child
Adolesc Psychiatry 2004, 43:1154–1158.
18. Cho SC, Kim JW, Kim BN, Hwang JW, Park M, Kim SA, Cho DY, Yoo HJ,
Chung US, Son JW, Park TW: No Evidence of an Association between
Norepinephrine Transporter Gene Polymorphisms and Attention Deficit
Hyperactivity Disorder. Neuropsychobiology 2008, 57:131–138.
19. Renner TJ, Nguyen TT, Romanos M, Walitza S, Röser C, Reif A, Schäfer H,
Warnke A, Gerlach M, Lesch KP: No evidence for association between a
functional promoter variant of the Norepinephrine Transporter gene
SLC6A2 and ADHD in a family-based sample. Attention Deficit and
Hyperactivity Disorders 2011, 3:285–289.
20. McGough JJ, McCracken JT, Loo SK, Manganiello M, Leung MC, Tietjens JR,
Trinh T, Baweja S, Suddath R, Smalley SL, et al: A candidate gene analysis
of methylphenidate response in attention-deficit/hyperactivity disorder.
J Am Acad Child Adolesc Psychiatry 2009, 48:1155–1164.
21. Song J, Song DH, Jhung K, Cheon KA: Norepinephrine transporter gene
(SLC6A2) is involved with methylphenidate response in Korean children
with attention deficit hyperactivity disorder. Int Clin Psychopharmacol
2011, 26:107–113.
22. Kim BN, Kim JW, Hong SB, Cho SC, Shin MS, Yoo HJ: Possible association of
norepinephrine transporter -3081(A/T) polymorphism with
methylphenidate response in attention deficit hyperactivity disorder.
Behav Brain Funct 2010, 6:57.
23. Greenberg LM, Waldman ID: Developmental normative data on the test
of variables of attention (T.O.V.A.). J Child Psychol Psychiatry 1993, 34:
1019–1030.
24. Frazier TW, Demaree HA, Youngstrom EA: Meta-analysis of intellectual and
neuropsychological test performance in attention-deficit/hyperactivity
disorder. Neuropsychology 2004, 18:543–555.
25. Kollins SH, Anastopoulos AD, Lachiewicz AM, FitzGerald D, Morrissey-Kane E,
Garrett ME, Keatts SL, Ashley-Koch AE: SNPs in dopamine D2 receptor
gene (DRD2) and norepinephrine transporter gene (NET) are associated
with continuous performance task (CPT) phenotypes in ADHD children
and their families. Am J Med Genet B Neuropsychiatr Genet 2008,
147B:1580–1588.
26. Kebir O, Tabbane K, Sengupta S, Joober R: Candidate genes and
neuropsychological phenotypes in children with ADHD: review of
association studies. J Psychiatry Neurosci 2009, 34:88–101.
27. Song DH, Jhung K, Song J, Cheon KA: The 1287 G/A polymorphism of the
norepinephrine transporter gene (NET) is involved in commission errors
in Korean children with attention deficit hyperactivity disorder. Behav
Brain Funct 2011, 7:12.
28. Kim YS, Cheon KA, Kim BN, Chang SA, Yoo HJ, Kim JW, Cho SC, Seo DH, Bae
MO, So YK, et al: The reliability and validity of Kiddie-Schedule for

Page 8 of 8

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Affective Disorders and Schizophrenia-Present and Lifetime VersionKorean version (K-SADS-PL-K). Yonsei Med J 2004, 45:81–89.
Park KY, JR, PArk HJ: Korean educational developmental instituteWechsler intelligence scale for children (KEDI-WISC). 2002, .
Shin MS, Cho S, Chun SY, Hong KE: A study of the development and
standardization of ADHD Diagnostic System. Korean J Child Adolesc
Psychiatr 2000, 11:91–99.
Stober G, Nothen MM, Porzgen P, Bruss M, Bonisch H, Knapp M, Beckmann
H, Propping P: Systematic search for variation in the human
norepinephrine transporter gene: identification of five naturally
occurring missense mutations and study of association with major
psychiatric disorders. Am J Med Genet 1996, 67:523–532.
Kim JW, Biederman J, McGrath CL, Doyle AE, Mick E, Fagerness J, Purcell S,
Smoller JW, Sklar P, Faraone SV: Further evidence of association between
two NET single-nucleotide polymorphisms with ADHD. Mol Psychiatry
2008, 13:624–630.
Barkley RA: Behavioral inhibition, sustained attention, and executive
functions: constructing a unifying theory of ADHD. Psychol Bull 1997,
121:65–94.
Kuntsi J, Oosterlaan J, Stevenson J: Psychological mechanisms in
hyperactivity: I. Response inhibition deficit, working memory
impairment, delay aversion, or something else? J Child Psychol Psychiatry
2001, 42:199–210.
Aron AR, Poldrack RA: The cognitive neuroscience of response inhibition:
relevance for genetic research in attention-deficit/hyperactivity disorder.
Biol Psychiatry 2005, 57:1285–1292.
Casey BJ, Castellanos FX, Giedd JN, Marsh WL, Hamburger SD, Schubert AB,
Vauss YC, Vaituzis AC, Dickstein DP, Sarfatti SE, Rapoport JL: Implication of
right frontostriatal circuitry in response inhibition and attention-deficit/
hyperactivity disorder. J Am Acad Child Adolesc Psychiatry 1997, 36:374–
383.
Casey BJ, Epstein JN, Buhle J, Liston C, Davidson MC, Tonev ST, Spicer J,
Niogi S, Millner AJ, Reiss A, et al: Frontostriatal connectivity and its role in
cognitive control in parent-child dyads with ADHD. Am J Psychiatry 2007,
164:1729–1736.
Menon V, Adleman NE, White CD, Glover GH, Reiss AL: Error-related brain
activation during a Go/NoGo response inhibition task. Hum Brain Mapp
2001, 12:131–143.
Rubia K, Smith AB, Brammer MJ, Toone B, Taylor E: Abnormal brain
activation during inhibition and error detection in medication-naive
adolescents with ADHD. Am J Psychiatry 2005, 162:1067–1075.
Tamm L, Menon V, Ringel J, Reiss AL: Event-related FMRI evidence of
frontotemporal involvement in aberrant response inhibition and task
switching in attention-deficit/hyperactivity disorder. J Am Acad Child
Adolesc Psychiatry 2004, 43:1430–1440.

doi:10.1186/1744-9081-8-22
Cite this article as: Park et al.: Possible effect of norepinephrine
transporter polymorphisms on methylphenidate-induced changes in
neuropsychological function in attention-deficit hyperactivity disorder.
Behavioral and Brain Functions 2012 8:22.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

