
INTRODUCTION

Autism spectrum disorders (ASDs) are severe neurodevel-
opmental disorders accompanied by dysfunctions, including 
communication, social interaction, restricted and repetitive 
behaviors, and intellectual disability with multiple undefined 
etiologies.1 The high heritability of ASDs has been well docu-
mented, and is reflected in the increased risk of recurrence in 
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families and a concordance rate of 70–90% in monozygotic 
twins.2 Despite the evidence for a genetic basis of ASDs, the 
heterogeneity of previous genetic association studies has ham-
pered the evaluation genes of involved in ASD phenotypes,3 
and it has been suggested that multiple genetic factors are im-
plicated in the pathogenesis of ASDs.

Brain-derived neurotrophic factor (BDNF), a member of 
the neurotrophin family, is a prosurvival factor that plays a key 
role in regulating neuronal survival, formation of functional 
synapses, plasticity of synaptic connections, and modulation 
of the differentiation and maintenance of phenotype in mature 
neurons throughout the human brain.4,5 Studies of BDNF lev-
els in the plasma, serum, and brain of autistic subjects have 
shown a possible association between increased BDNF levels 
and ASDs,6,7 and the modulation of BDNF level in these neu-
rological disorders has been suggested as a potential therapeu-
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tic approach.8

The Val66Met (rs6265) BDNF gene polymorphism is a well-
documented functional SNP. This SNP has been implicated 
in anxiety-related personality traits and in the pathogenesis of 
conditions accompanied by anxiety and depression, such ob-
sessive-compulsive disorder and attention-deficit hyperactivi-
ty disorder (ADHD), which are thought to be phenotypic vari-
ations in ASDs.9 Moreover, a relationship has also been shown 
between the BDNF Val66Met genotype and the regional cor-
tical surface area of ASD patients.10 Furthermore, Han et al.11 
reported an association between BDNF haploinsufficiency 
and low adaptive behavior and reduced cognitive function in 
WAGR/11p13 deletion syndrome. In addition, in a genetic 
association study of the BDNF gene with ASDs, Nishimura et 
al.12 reported a family-based association between ASDs and 
haplotypes containing the BDNF gene rs11030121 SNPs.

The aims of this study were to investigate family-based as-
sociation between 4 SNPs of the BDNF gene and ASDs in a 
Korean population and to evaluate the relationship between 
BDNF genotypes and clinical phenotypes characterized by a 
diagnostic algorithm for ASDs.

METHODS
 

 Subjects
All 151 families in the study consisted of a trio (3 individu-

als: the father, mother, and child); signed informed consent 
was obtained from either the parents or caregivers, and the 
study method was confirmed and approved by the Institu-
tional Review Board of Euji University. Descriptions of the 
ASD subject selection and diagnostic procedures have been 
previously published by our group.13 Briefly, children with 
ASDs were clinically evaluated using the DSM-VI diagnostic 
criteria intelligence and social maturity, and then confirmed 
using the Korean versions of the Autism Diagnostic Observa-
tion Schedule (K-ADOS) and Autism Diagnostic Interview-
Revised (K-ADI-R).14,15 Subjects with organic brain disease, 
chromosomal aneuploidy, and tuberous sclerosis were ruled 
out. The probands that met the ASD diagnostic criteria com-
prised 86.1% male, 87.4% autistic disorder, 13.5% PDD-NOS, 
and 1.6% Asperger’s syndrome. DNA was extracted from pe-
ripheral blood samples of all individuals in the 151 families by 
using a G-spin Genomic DNA Extraction Kit (Intron, Dae-
jeon, Korea).

Selection and Genotyping of SNPs
The human BDNF gene (NM_170731) is located between 

nucleotide positions 27,633,018 and 27,677,756 in chromo-
some 11p14.1 and contains 2 exons (UCSC Genome Browser 
GRCh36/hg18, http://genome.ucsc.edu). Candidate SNPs in 

the BDNF were evaluated using publicly available genotype 
data from Tokyo (JPT) populations by using the International 
HapMap project (www.hapmap.org, HapMap data release 27 
Phase II+III) and the National Center for Biotechnology In-
formation (http://www.ncbi.nlm.nih.gov/snp, Entrez SNP 
Database). The nonsynonymous SNP rs6265 (Val66Met) has 
been well defined in a variety of psychiatric diseases and has 
a major allele frequency (MAF) of 0.344 for the A allele in JPT. 
The SNPs rs11030101, rs7103411, and rs7103873 in intron 1 
were selected using Tag SNP picker (www.hapmap.org) and 
genotyped using the GoldenGateTM Assay (Illumina, San Di-
ego, CA, USA).

Statistical analysis
Hardy-Weinberg equilibrium (HWE) and linkage disequili-

brium (LD) between pairs of SNPs were calculated using Hap-
loview 3.2.16 Prior to analyses, Mendelian errors were verified 
using family-based association test (FBAT) from the FBAT pa-
ckage.17 FBATs were conducted by using the additive, domi-
nant, and recessive models. The HBAT application in the FBAT 
package was used to test the associations between haplotypes 
and ASDs. The HBAT calculation was computed using the 
Monte Carlo option with 10,000 replications.

Of the 151 subjects, 6 were omitted from analysis of the re-
lationship between susceptible alleles and phenotypes. For the 
analyses of association with genotypic polymorphism, the 
mean of sub-domain scores was compared in each genotype 
group. The test for association between the specific genotype 
of polymorphisms and the 3 ADI-R domain scores (qualitative 
abnormalities in reciprocal social interaction [A]; qualitative 
abnormalities in communication [B]; and restricted, repetitive, 
and stereotyped patterns of behavior [C]) was conducted with 
quantitative trait analysis in FBAT. The B domain was classi-
fied for both verbal and nonverbal subjects, and then the sum 
of scores for the groups was calculated. The C domain was di-
vided into the following sub-domains: C1 (encompassing pre-
occupation or circumscribed pattern of interest), C2 (apparent 
compulsive adherence to nonfunctional routines or rituals), 
and C4 (preoccupations with part of objects or non-functional 
elements of material). Based on the diagnostic algorithm of 
ADI-R, the scores of the ADI-R items were as follows: 0 (no 
abnormality) to 3 (most abnormality), and responses such as 
“not applicable” or “unknown or not asked” were considered 
missing data.18 A previous study has shown the ADI-R subdo-
mains.13 Statistical significance was set at p<0.05.

RESULTS 

Family-based association test 
Based on FBAT analysis, no statistically significant associa-
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tions were found between any polymorphisms and any of the 
ASD trios (Table 1). On the basis of the LD test, strong LD val-
ues (0.98<D’<0.99) were obtained for rs6265-rs11030101-
rs7103411-rs7103873. In the haplotype analysis, significant 
associations were not observed in possible modes and mod-
els even in a sliding window approach (Table 2).

Association test between SNPs/Haplotypes and 
ADI-R related traits

FBAT analysis results showed significant associations be-
tween the SNPs rs6265 and rs11030101 and their quantitative 
traits. The rs6265A allele was associated with the C1 (encom-
passing preoccupation or circumscribed pattern of interest) 
domain score within the ADI-R diagnostic algorithm in dom-
inant/recessive models (p-value=0.019). The rs11030101 A al-
lele was significantly associated with both C1 and C4 (preoc-
cupations with part of objects or non-functional elements of 
material) domain scores within the ADI-R diagnostic algo-
rithm in the additive model of bi- and multi-allelic modes (p-
value=0.015) (Table 3). In the haplotype analysis by using 
quantitative traits, the sliding window method was used on 2, 
3, and 4 SNP haplotype combinations. Significant associations 
were identified between the haplotypes and the quantitative 
traits from the C1 and C4 domain scores in ADI-R. Two SNP ha-
plotypes, rs6265-rs11030101 (C-T) and rs11030101-rs7103411 

(T-A) were significantly associated with the C1 (p-value= 
0.016) and C4 (p-value=0.012) domain scores in the additive 
model in bi-allelic mode. In addition, significant associations 
were observed between the rs6265-rs11030101-rs7103411 
haplotype (C-T-A) and the rs11030101-rs7103411-rs7103873 
haplotype (T-A-C) and also between the C1 (p-value=0.016) 
and C4 (p-value=0.012) domain scores. Similarly, the rs6265-
rs11030101-rs7103411-rs7103873 haplotype (C-T-A-C) sh-
owed significant associations with the C1 and C4 domain sc-
ores (Table 4).

DISCUSSION

In this study, we showed that BDNF polymorphisms are as-
sociated with ADI-R quantitative traits in families with ASDs. 
To our knowledge, this is the first study showing the genetic as-
sociation of BDNF gene polymorphisms and ASDs in the Ko-
rean population. The rs6265 and rs11030101 SNPs and their 
haplotypes were significantly associated with domains in the 
ADI-R category “Restricted, Repetitive, and Stereotyped Pat-
terns of Behavior.” These results not only suggest that the 
BDNF polymorphism is associated with autistic traits but also 
supports evidence of the influence of the BDNF polymor-
phism in the pathophysiology of ASDs.
BDNF plays an important role in neuronal systems, and the 

Table 1. Family based association test and haplotype analyses with the BDNF SNPs and Korean ASD family

Bi-allelic 
mode

Location
Allele MAF

Additive 
model

Dominant 
model

Recessive 
model

Marker NCBI B37
Number 
of family

Z p-value N Z p-value N Z p-value

rs6265 27679916 A 0.422 116 0.361 0.752 92 1.111 0.267 68 -0.795 0.427
(exon2) G 0.578 116 -0.361 68 0.795 0.427 92 -1.111 0.267

rs11030101 27680744 A 0.661 120 -0.407 0.684 48 1.025 0.306 103 -1.178 0.239
(intron 1) T 0.339 120 0.407 103 1.178 0.239 48 -1.025 0.306

rs7103411 27700125 A 0.579 117 -0.158 0.874 67 0.733 0.463 93 -0.827 0.408
(intron 1) G 0.421 117 0.158 93 0.827 0.408 67 -0.733 0.463

rs7103873 27700317 C 0.482 115 -0.078 0.938 84 0.355 0.723 81 -0.483 0.629
(intron 1) G 0.518 115 0.078 81 0.483 0.629 84 -0.355 0.723

Multi-allelic 
mode

Additive 
model

Dominant/
Recessive model

Markers
Number 
of allele

Number 
of family

df χ2 p-value df χ2 p-value

rs6265 2 116 1 0.100 0.752 2 2.210 0.331
rs11030101 120 0.166 0.684 2.784 0.249
rs7103411 117 0.025 0.874 1.450 0.484
rs7103873 115 0.006 0.938 0.435 0.805
MAF: minor allele frequency, df: degree of freedom, BDNF: brain-derived neurotrophic factor, SNP: single nucleotide polymorphism, ASD: 
autism spectrum disorders
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improper regulation of BDNF causes abnormal axonal and 
dendritic differentiation during the embryonic stages of neu-
ronal development, as well as the formation and maturation of 
dendritic spines during postnatal development.19,20 The ele-
vated serum and brain BDNF levels observed in autistic chil-
dren could be attributed to a regional compensatory mecha-
nism for the lack of development of an intrinsic component 
of the disease process.21 In the central nervous system, the ac-
tion of BDNF is mediated by the Trk-B receptor, a member of 

the tyrosine kinase family of receptors.22 BDNF-TkrB signal-
ing has a variety of endpoints, including 1) directly activating 
Na+, Ca2+, and K+ channels;23,24 2) enhancing glutamatergic 
neurotransmission by increasing the number of NMDA recep-
tors passing through the ERK and Fyn signaling pathways;25,26 
and 3) increasing the phosphorylation of the non-selective 
cation channel TRPC3 via PLC gamma.27 A recent study show-
ing the screening for agents that can decrease the BDNF-TrkB 
pathway signaling as novel therapeutic candidates in ASDs 

Table 2. Linkage disquilibrium analysis and Haplotype analyses for BDNF gene polymorphisms using sliding windows in FBAT module

Linkage disequilibrium (D’) matrix
rs6265 rs11030101 rs7103411

rs11030101 0.98
rs7103411 0.99 0.98
rs7103873 0.98 0.99 0.99
Haplotypes Multi-allelic mode p-value Permutation p-value
Model Additive Dominant Recessive Additive Dominant Recessive
rs6265-rs11030101 0.564 0.354 0.977 0.515 0.485 0.977
rs11030101-rs7103411 0.686 0.454 0.980 0.948 0.542 0.980
rs7103411-rs7103873 0.790 0.622 0.929 0.723 0.685 0.905
rs6265-rs11030101-rs7103411 0.672 0.515 0.930 0.577 0.598 0.947
rs11030101-rs7103411-rs7103873 0.827 0.539 0.955 0.982 0.700 0.970
rs6265-rs11030101-rs7103411-rs7103873 0.765 0.532 0.964 0.646 0.681 0.977
BDNF: brain-derived neurotrophic factor, FBAT: family-based association test

Table 3. Quantitative transmission disequilibrium test between genotypes and clinical phenotypes in the Korean subjects with ASDs

Makers
Items of

the ADI-R
Model Allele MAF

Number  
of family

Z p-value

rs6265 C1 Dominant A 0.422 73 2.351 0.019
rs11030101 C1 Additive A 0.661 110 2.442 0.015

C4 2.429 0.015
Bi-allelic mode, C1: Encompassing preoccupation or circumscribed pattern of interest, C4: Preoccupations with part of objects or non-func-
tional elements of material, MAF: minor allele frequency, ASD: autism spectrum disorders, ADI-R: Autism Diagnostic Interview-Revised

Table 4. Quantitative transmission disequilibrium test between haplotype and clinical phenotypes in the Korean ASDs

Haplotypes

ADI-R C1 subdomain
 (Encompassing preoccupation  

or circumscribed pattern of interest)

ADI-R C4 subdomain
(Preoccupations with part of objects  

or non-functional elements of material)

MAF
Number  
of family

Z p-value MAF
Number  
of family

Z p-value

rs6265-rs11030101 (C-T) 0.336 99 -2.401 0.016367 0.336 99 -2.516 0.011858
rs11030101-rs7103411 (T-A) 0.336 99 -2.402 0.016295 0.336 99 -2.517 0.01183
rs6265-rs11030101-rs7103411 (C-T-A) 0.337 99 -2.402 0.016304 0.337 99 -2.517 0.01183
rs11030101-rs7103411-rs7103873 
  (T-A-C)

0.336 97 -2.404 0.016231 0.336 97 -2.516 0.011858

rs6265-rs11030101-rs7103411-rs7103873 
  (C-T-A-C)

0.337 97 -2.404 0.016238 0.337 97 -2.516 0.011859

Bi-allelic mode, additive model, MAF: minor allele frequency, ASD: autism spectrum disorders, ADI-R: Autism Diagnostic Interview-Revised
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identified a Trk partial agonist as a promising drug candi-
date.28 However, Scattoni et al.29 reported that BDNF and ty-
rosine kinase B (TrkB) protein levels in the hippocampal re-
gion were lower in the inbred BTBR T+tf/J (BTBR) strain, a 
putative mouse model of autism, than that in C57BL/6J mice.

Microdeletion of a 2.3 Mb region in the human chromo-
some 11p14.1 containing the BDNF gene has been shown to 
be associated with autism,30 and a whole genome scan also sh-
owed strong evidence of developmental delay.31 Recently, Han 
et al.11 reported that BDNF haploinsufficiency was associated 
with high ADI-R social interaction domain scores in 13 BDNF 
+/- patients with Wilms tumor, aniridia, genitourinary anom-
alies, mental retardation (WAGR) syndrome, a rare genetic 
disorder caused by heterozygous contiguous deletions of 
variable size in chromosome 11p13. In this study, no associa-
tion was detected between BDNF SNPs and ADI-R social in-
teraction domains, which may be attributed to the differences 
in sample size, ethnicity, diagnostic tools, and target polymor-
phisms.

The rs6265 (Val66Met) has been viewed as a representative 
SNP in association studies between BDNF polymorphisms 
and psychiatric disease, including autism.9,10 In a transmission 
disequilibrium test in Japanese families showing autism, the 
results of haplotype analysis, excluding the rs6265, by using 
the sliding window method showed nominally significant as-
sociations.12 However, in an association study of BDNF poly-
morphisms in Chinese autistic patients, the frequency of the 
rs6265 polymorphism was not significantly different from that 
of the control individuals.32 Similarly, the present study failed 
to identify an association between ASDs and the rs6265 poly-
morphism.

In this study, although only a limited number of ADI-R di-
agnostic algorithm domain scores were used to analyze the 
quantitative traits of samples, other specific traits might be 
present that may reveal significant associations with the SNPs 
in BDNF. Thus, further analysis of quantitative traits for ASDs 
by using biological or psychological tools is necessary. In ad-
dition, although we selected common and informative SNPs 
for our family-based analysis in this study, these SNPs did 
not exhibit the gamut of functional variants of the genetic re-
gion, and hence, future genetic analysis should be conducted 
using more rare variants of this gene.33

Although several associations between Korean ASD traits 
and BDNF gene polymorphisms were identified in this study, 
because of the sample size, insufficient power was observed in 
the analysis, which was confirmed when the results showing 
significant associations did not survive the Bonferroni correc-
tions. Considering this, a large sample size with or without 
ethnic difference is necessary to confirm whether rs6265 and 
rs11030101 are risk factors for the ASD traits, namely, restrict-

ed, repetitive, and stereotyped patterns of behavior.
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