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Brain-derived neurotrophic factor (BDNF) plays
an important role in normal neuronal develop-
ment. Several lines of evidence implicate the
involvement of BDNF in attention-deficit hyper-
activity disorder (ADHD). This study investigated
the role of two common BDNF variants (Val66Met,
C270T) in two samples of ADHD probands from the
United Kingdom (n=180) and Taiwan (n=212).
We found evidence of increased transmission of
the C allele of the C270T in Taiwanese samples
(TDT: x*>=6.78, P=0.009) and the two samples
pooled together (TDT: x>=7.24, P=0.007). No
association was found between the Val66Met
polymorphism and ADHD in either of the two
populations. Analysis of haplotypes demon-
strated a significant decreased transmission of
haplotypes containing the Val66 allele and the
270T allele in the Taiwanese samples (TDT:
x>=4.57, P=0.032) and the pooled sample set
(TDT: x%2=5.82, P=0.016). This study provides
evidence for the possible involvement of BDNF
in susceptibility to ADHD. © 2006 Wiley-Liss, Inc.
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Attention-deficit hyperactivity disorder (ADHD) is a com-
mon and heritable childhood behavioral disorder characterized
by developmentally inappropriate levels of hyperactivity,
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impulsivity, and inattentiveness. Polymorphic variants in
several genes involved in regulation of dopamine and related
neurotransmitter pathways are reported to be associated with
ADHD [Asherson, 2004]. Here we investigate a possible role for
brain-derived neurotrophic factor (BDNF), a protein that is
widely expressed in the adult mammalian brain and plays a
critical role in the development, survival, and functional
maintenance of neurons [Lewin and Barde, 1996].

The human BDNF gene is located on the short arm of
chromosome 11 at the boundary of 11p13 and 11p14 [Hanson
etal., 1992]. Several lines of evidence suggest that BDNF could
play a role in the etiology of ADHD [Tsai, 2003]. Stimulant
drugs, which are widely used in the treatment of ADHD, have
been shown to elevate BDNF expression in the brain [Meredith
et al., 2002]. Furthermore, BDNF knockout mice have been
shown to be hyperactive [Rios et al., 2001] and have brain size
deficits similar to those seen in children with ADHD [Jones
et al., 1994]. Finally, variants in the BDNF gene have been
widely linked to a number of other psychiatric phenotypes that
may share genetic risk factors with ADHD [Neves-Pereira
et al., 2002, 2005; Hong et al., 2003; Nanko et al., 2003;
Szekeres et al., 2003; Craddock et al., 2005].

Several polymorphisms of BDNF gene have been reported
and studied in psychiatric disorders. The most frequent are the
Val66Met (rs6265) polymorphism [Cargill et al., 1999] and the
C270T SNP [Kunugi et al., 2001]. The Val66Met SNP has been
identified at nucleotide 196 within the 5 precusor peptide
(proBDNF) sequence that causes an amino acid substitution of
valine to methionine at codon 66. Chen et al. [2004] reported
that the Val66Met polymorphism alters the intracellular
trafficking and activity-dependent secretion of wild-type
BDNF in neurosecretory cells and cortical neurons. The
C270T polymorphism is in the 5'-noncoding region of intron 1
(GenBank accession #X60202). The functional significance of
this SNP or other variants tagged by C270T has not yet been
investigated.

The Met (A) allele of Val66Met is reported to be associated
with abnormal hippocampal activation and impaired episodic
memory in humans [Egan et al., 2003; Hariri et al., 2003]. The
Val (G) allele has been reported to be associated with bipolar
disorder in several family-based association studies [Neves-
Pereira et al., 2002; Sklar et al., 2002; Geller et al., 2004]. In
addition, the Val allele showed significant association with
schizophrenia in a Scottish population [Neves-Pereira et al.,
2005]. The Met allele has been reported to be associated with
the restrictive type of anorexia nervosa [Ribases et al., 2003]
and was found to have a protective effect in depression [Sen
et al., 2003].

The T allele of C270T was associated with schizophrenia
[Szekeres et al.,, 2003, Nanko et al.,, 2003] and late-onset
Alzheimer’s disease [Kunugi et al., 2001; Olin et al., 2005],
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while the C allele was associated with bulimia nervosa and
older age of onset of weight loss, with the 270C-Met66
haplotype found to be more frequent in anorexia nervosa and
bulimia nervosa compared to controls (P < 0.02 and P < 0.002,
respectively) [Ribases et al., 2004].

To our knowledge, two out of three studies have reported a
positive association between the Val66Met in BDNF and
ADHD. The first study reported association of the Val allele
using both a within family test of association and case control
analysis of adults with ADHD [Lanktree et al., 2004]. The
second study also found the Val allele was associated with
ADHD in a family based-sample of 341 ADHD probands and
their parents (P <0.02). In addition, they found a strong
preference for paternal transmission of the putative risk allele
(P <0.0005) [Kent et al., 2005]. The third study investigated
both the Val66Met and C270T polymorphisms in patients with
obesity, eating disorder, and ADHD, but found no association
with either marker [Friedel et al., 2005]. In this study, we
examine the role of the two BDNF polymorphisms (Val66Met
and C270T) in two clinical ADHD samples from the UK and
Taiwan.

For the UK sample, DNA was collected from 180 DSM-IV
ADHD combined subtype probands, from both parents for 116
of the ADHD probands and from the mother alone for 64 of the
probands. Cases were recruited from child behavior clinics in
South-East England and referred for assessment if they were
thought by experienced clinicians to have a diagnosis of the
combined subtype of ADHD under DSM-IV criteria, with no
significant Axis I co-morbidity apart from oppositional defiant
disorder (ODD) and conduct disorder (CD) and IQ greater
than 70. Only those individuals fulfilling the recruitment
criteria after completion of research assessments were
included in the study. Ninety-six percent of the sample
was male. The age range was 5-15 years at the time of
assessment (mean 10.41, SD 2.34). Parents were interviewed
with a modified version of the Child and Adolescent
Psychiatric Assessment (CAPA) [Angold et al., 1995]. Infor-
mation on ADHD symptoms at school was obtained using the
long form of the Conner’s questionnaire [Conners, 1995].
HYPESCHEME data sheets were completed using these data
plus review of case notes. HYPESCHEME is a computerized
DSM-IV and ICD-10 operational criteria checklist and
diagnostic algorithm [Curran et al., 2000]. HYPESCHEME
diagnoses were checked against researcher applied DSM-IV
criteria and discrepancies reviewed by two researchers.
Where consensus could not be reached, cases were brought
to case conference and final consensus agreement made with a
senior clinical researcher. All probands were of European-
Caucasian origin.

For the Taiwanese sample, DNA sample was collected from
212 DSM-IV ADHD probands, from both parents for 135 of the
ADHD probands and from the mother alone for 35 of the
probands. ADHD cases were ascertained from child psychiatric
clinics in the Chang Gung Memorial Hospital in Taipei area,
Taiwan. Following completion of a standard maternal inter-
view, the Kiddie-SADS [Kaufman et al., 1997] and completion
of parent and teacher Conner’s revised rating scales [Conners,
1995] diagnosis was applied according to DSM-IV criteria.
Seventy-eight percent had the combined type and 22% the
inattentive subtype of ADHD with no co-morbid disorders
apart from oppositional defiant disorder; conduct disorder, and
possible Tourettes syndrome in four cases. Eighty-nine percent
of the sample was male, 13% had 1Q between 50 and 69 (87%
>69), and the age range was 5—15 years (mean 8.96, SD 2.60).

Two SNPs in the BDNF gene were genotyped using enzyme
restriction as previously described. The Val66Met SNP
changes a PmlI restriction site [Matsushita et al., 2005] and
the C270T SNP changes a HinfI restriction site [Kunugi et al.,
2001]. Genotype data were analyzed using the transmission

TABLE I. Parental Allele Frequency for BDNF Polymorphisms

Val66Met C270T
Allele Allele frequency Allele Allele frequency
UK G 0.78 C 0.94
Samples A 0.22 T 0.06
Taiwanese G 0.47 C 0.96
Samples A 0.53 T 0.04

disequilibrium test (TDT) [Spielman et al., 1993], the haplo-
type-based haplotype relative risk test (HHRR) [Terwilliger
and Ott, 1992], and TRANSMIT for the analysis of haplotypes
[Clayton, 1999].

Population frequencies for the two markers were estimated
from parental genotypes and can be seen in Table I. Evidence
for linkage disequilibrium (LD) between the two makers was
examined by calculating D’ and r? statistics. Significant LD
was found between the two markers in both UK and Taiwanese
samples (D'=1, r2=0.3 and D'=1, r2=0.2, respectively).
Allele frequency differences between the two markers in both
populations account for relatively low r? values despite the
very high levels of LD measured by the D’ statistic. For C270T
polymorphism due to the similarity of allele frequency and LD
relationship in the two distinct populations, we have included
analysis of the combined dataset in addition to each sample
independently.

For SNP Val66Met, no significant preferential transmission
of any allele was found in either UK samples or Taiwanese
samples (Table II). Furthermore, there was no evidence of
preferential parental transmission in the two populations
(paternal transmission in UK and Taiwanese samples:
x2=0.57, P=0.45; >=0.02, P=0.89, respectively; maternal
transmissions in UK and Taiwanese samples: x%=1.79,
P=0.18; x2=0.09, P=0.77, respectively).

For SNP C270T, there was evidence of increased transmis-
sion of the C allele in the Taiwanese sample (HHRR: OR=3.9,
95% CI=1.28—-11.90, P=0.008; TDT: P =0.009; TRANSMIT:
P=0.008). There was also a weak non-significant trend
for association of the same allele in the UK sample,
while combining the two datasets together also gave
significant evidence for association (HHRR: OR=2.3, 95%
CI=1.22-4.23, P=0.007; TDT: P=0.007; TRANSMIT:
P=0.037) (Table III).

TABLE II. TDT, HHRR, and TRANSMIT Analysis of Val66Met

UK samples Taiwanese samples
Allele Allele
G A G A
TDT
Transmitted 45 41 63 60
Non-transmitted 41 45 60 63
%2 (P-value) 0.186 (0.666) 0.073 (0.788)
HHRR
Transmitted 210 53 121 132
Non-transmitted 206 57 118 135
%2 (P-value) 0.184 (0.668) 0.071 (0.789)
TRANSMIT
Transmitted 280 72 196 216
Expected 273 79 195 217

¥ (P-value) 1.673 (0.196) 0.044 (0.835)
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TABLE III. TDT, HHRR, and TRANSMIT Analysis of C270T

UK samples Taiwanese samples Combined samples
Allele Allele Allele
C T C T C T
TDT
Transmitted 17 10 15 4 32 14
Non-transmitted 10 17 4 15 14 32
%2 (P-value) 1.836 (0.176) 6.783 (0.009) 7.235 (0.007)
HHRR
Transmitted 271 11 287 4 558 15
Non-transmitted 264 18 276 15 540 33
%% (P-value) 0.798 (0.180) 6.998 (0.008) 7.213(0.007)
TRANSMIT
Transmitted 333 21 405 9 738 30
Expected 332 22 398 16 730 38
%2 (P-value) 0.163 (0.686) 7.067 (0.008) 4.329 (0.037)

Given the strong LD relationships between the two markers,
we performed haplotype analyses and found evidence for
decreased transmission of the Val66/270T haplotype in the
Taiwanese sample and the pooled Taiwan/UK sample (TDT:
P=0.032; HHRR: P=0.012; TRANSMIT: P =0.014 for Tai-
wanese samples and TDT: P=0.016; HHRR: P=0.013,
TRANSMIT: P=0.07 for pooled samples).

An alternative haplotype analysis program, WHAP (http://
statgen.iop.kel.ac.uk) was used to test the contribution of the
individual SNPs to the haplotype association. WHAP allows
the user to drop one or more markers to test whether they
contribute significantly to the haplotype association. The
results of this analysis in the Taiwanese and combined
datasets showed that the Val66Met could be dropped and
was not making a significant contribution to the haplotype
association. In contrast, the Taiwanese data suggests that
the C270T marker makes a significant contribution to the
haplotype association (P=0.003); a finding that was signifi-
cant at a trend level in the combined dataset (P =0.07). These
data suggest that the haplotype association does not better
explain the association with C270T.

In summary, polymorphisms in BDNF have been implicated
in a number of psychiatric phenotypes including ADHD.
Several lines of evidence suggest that BDNF could play a role
in the etiology of ADHD [Tsai, 2003] and two previous studies
found association with the Val allele of Val66Met [Lanktree
et al., 2004; Kent et al., 2005]. In our study, no association was
found between Val66Met and ADHD in either of the two
populations. Furthermore, we did not find evidence for
preferential paternal transmission suggested in the earlier
study of Kent and colleagues. We did however find evidence for
increased transmission of the C allele of C270T in Taiwanese
samples (P =0.009) and the Taiwanese and UK samples pooled
together (P =0.007) with an average odds ratio of 2.29.

We therefore failed to support the previous association
reported between Val66Met in BDNF and ADHD. Although we
do find evidence for association with the C allele of C270T we
must treat this finding with caution for several reasons. First,
this is the first study to report this association and replication
of association findings is a key requirement. Second, the
significance levels we report have not been adjusted for genetic
variation spanning the entire BDNF locus (gene-wide sig-
nificance) or the entire genome (genome-wide significance) and
many nominal significance values at the level we observed will
exist by chance alone throughout the genome. Third, a
functional effect of C270T or other variants tagged by C270T

has not been investigated. Further investigations with this
gene in ADHD need to be performed before any firm
conclusions can be made.
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