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Aim To compare the frequency of alleles and genotypes
in brain-derived neurotrophic factor (BDNF) val66met polymorphism in ethnically homogenous Caucasian (from Croatia) and ethnically homogenous Asian (from South Korea) healthy participants, as inter-population differences in
BDNF val66met may be responsible for the divergent findings in genetic and association studies.
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Methods BDNF val66met was genotyped in 800 (556 Croatian and 244 Korean) healthy participants. Frequencies of
alleles and genotypes were evaluated using a χ2 test.
Results The frequencies for genotypes (χ22 = 114.69;
P < 0.001) and alleles (χ21 = 120.07; P < 0.001) between Korean and Croatian individuals differed significantly, due to
significantly lower (46.3% and 19.5%, P < 0.001) frequency
of “Met” allele and significantly higher (53.7% and 80.5%,
P < 0.001) frequency of “Val” allele in Croatian than in Korean participants.
Conclusion The study found significant ethnic differences
in BDNF val66met polymorphism. The most frequent genotype among Korean participants was “Met/Val” and they
had similar distribution of “Met” and “Val” alleles. In contrast, the most frequent genotype among Caucasian participants was “Val/Val” and they had different distribution
of “Met” and “Val” alleles. These ethnic differences require
matching participants for ethnicity in pharmacogenetic
studies and in the studies investigating genetic variations
in neuropsychiatric disorders.
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Brain-derived neurotrophic factor (BDNF) is a member of
neurotrophin family of growth factors (1). BDNF is located in the hippocampus, neocortex, amygdala, cerebellum,
and hypothalamus, and it regulates memory formation
and processing, learning, locomotion, food intake, nociception, mood, cognition, behavior, and stress response
(1). It affects cholinergic, dopaminergic, and serotonergic
neurotransmitter systems, which are altered in many neurodegenerative and psychiatric disorders (2). BDNF modulates neural proliferation, survival, repair, neurodegeneration (reductions in hippocampal neuronal plasticity and
resiliency), and is associated with Alzheimer disease, major
depression, posttraumatic stress disorder, schizophrenia,
and bipolar affective disorder (1).
A single nucleotide polymorphism (SNP) of the BDNF gene
(val66met) exists in the 5′ prodomain region of the BDNF
gene. This polymorphism includes the substitution of valine (“Val”) into methionine (“Met”) in codon 66 (BDNF val66
met). Although this polymorphism does not affect the
structure of the mature BDNF protein (3), the mechanism
by which this polymorphism initiates the changes in human memory and hippocampal function is related to alterations in intracellular trafficking and secretion of BDNF (4).
BDNF val66met is a functional polymorphism (G196A, NCBI
database dbSNP rs6265), reported to be associated with
alterations in hippocampal volume, emotional reactivity,
and anxiety and depression-related personality traits (5).
It is also related to poorer episodic memory performance,
lower depolarization-induced production of BDNF, lower
hippocampal measure of neuronal integrity and synaptic
abundance, n-acetyl asparatate content, and lower levels of hippocampal activation during memory processing
(3,6-8).
There are divergent findings of the positive or negative
associations between BDNF val66met polymorphism and
schizophrenia, unipolar depression and bipolar disorder,
eating disorders, alcoholism, substance abuse, and anxiety
and depression-related personality traits in Caucasian and
Asian participants (2). These differences might be induced
by ethnic differences in Caucasian and Asian participants
(2,6,8-12). However, the cited studies frequently included
psychiatric patients and healthy participants, who were
not homogenous within the particular ethnic groups. The
hypothesis of our study was that BDNF val66met polymorphism differed between ethnically homogenous Caucasian and ethnically homogenous Asian healthy individuals. The aim of the study was to compare the frequency
of “Met/Met,” “Met/Val,” and “Val/Val” genotypes and
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“Met” and “Val” alleles in healthy male and female participants of Caucasian (from Croatia) and Asian (from South
Korea) origin.
Participants and methods
Participants
This comparative study included 800 unrelated healthy volunteers from two centers: 556 Caucasian healthy participants of Croatian origin from Zagreb, Croatia (349 men and
207 women; mean age (± standard deviation) 33.8 ± 9.05
years) and 244 Asian healthy participants of Korean origin
from Seoul, South Korea (129 men and 115 women; mean
age 32.5 ± 8.4 years). Caucasian participants were recruited from October 2001 to March 2006 from the University
Hospital Dubrava, Zagreb, Croatia. Asian participants were
recruited from May 2000 to October 2005 from the Asan
Medical Center, University of Ulsan College of Medicine,
Seoul, South Korea. Inclusion criteria were not taking medications; no previous or current psychiatric disorders; no alcohol abuse or suicidal attempts; no family history of psychiatric disorders (this was determined according to the
answers of participants about the mental health status of
their parents, grandparents, and close relatives); not being
mutually related; and belonging to the native ethnic group
of the regions studied. Written informed consent was obtained from all participants, after the aims and procedures
of the study had been explained. The study was performed
in accordance with the ethical standards of the Declaration
of Helsinki and approved by the Ethics Committees of the
University Hospital Dubrava, Zagreb, Croatia or Asan Medical Center, University of Ulsan College of Medicine, Seoul,
South Korea.
Genotyping of BDNF Val/Met
Genomic DNA was isolated from peripheral blood leukocytes according to standard procedures of proteinase-KRNase digestion followed by phenol-chloroform extraction in Korean participants (13) or by a salting out method
in Croatian participants (14). In Korean participants, BDNF
val66met polymorphism (rs6265) was genotyped using a
single-base primer extension assay (ABI PRISM SNaPshot
Multiplex kit; ABI, Foster City, CA, USA) according to the
manufacturer’s recommendations. Genomic DNA flanking
the SNP (rs6265) was amplified by polymerase chain reaction (PCR) using the primers: 5’-TGATGACCATCCTTTTCCTT3’ (forward) and 5’-CACTGGGAGTTCCAATGC-3’ (reverse);
each PCR reaction utilized 10 ng genomic DNA, 0.5 pM of
each oligonucleotide primer, 1 µL 10X PCR Gold buffer, 250
μM dNTP, 3 mM MgCl2, and 0.25 unit i-StarTaq DNA Poly-
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merase (iNtRON Biotechnology, Sungnam, Kyungki-Do, Korea) in a total reaction volume of 10 µL. The amplification
protocol consisted of one cycle of denaturation at 95°C
for 10 minutes, 30 cycles of initial denaturation at 95°C for
30 seconds, annealing at 55°C for 1 minute, and extension
at 72°C for 1 minute, followed by a final extension at 72°C
for 7 minutes. The PCR products were treated with 1 unit
of shrimp alkaline phosphatase (SAP) (Roche, Mannheim,
Germany) and 1 unit of exonuclease I (USB Corporation,
Cleveland, OH, USA) for 60 minutes at 37°C followed by 15
minutes at 72°C to purify the amplified products. A 1 µL
aliquot of each purified amplification product was added
to a SNaPshot Multiplex Ready reaction mixture containing
0.15 pmol genotyping primer for the primer extension reaction, which consisted of 25 cycles at 96°C for 10 seconds,
50°C for 5 seconds, and 60°C for 30 seconds. These reaction products were treated with 1 unit of SAP for 1 hour
at 37°C, followed by 15 minutes at 72°C to remove excess
fluorescent dye terminators. A 1 µL aliquot of each sample
was added to 9 µL of Hi-Di formamide (ABI) and incubated
at 95°C for 5 minutes, followed by 5 minutes on ice. The reaction products were analyzed by electrophoresis using an
ABI Prism 3730xl DNA analyzer, with the results interpreted
using GeneScan analysis software (ABI).
In Croatian participants, BDNF val66met polymorphisms
was genotyped in ABI Prism 7000 Sequencing Detection
System apparatus (ABI) using Taqman-based allele-specific
polymerase chain reaction assay, according to the procedure described by the Applied Biosystems (Applied Biosystems, Foster City, CA, USA). The primers and probes were
purchased from Applied Biosystems.
Statistical analysis
The genotype frequency was assessed for Hardy-Weinberg
equilibrium with a χ2 test. Statistical differences in genotype and allele frequencies between Korean and Croatian
healthy participants were evaluated by a χ2 test. Age of the

participants (expressed in years as means ± standard deviation) was evaluated using one-way analysis of variance
(ANOVA). Bonferroni correction was used for multiple testing, using the total number of pair comparison of ethnic
groups (N = 2) as a correction factor and the level of significance was set to α = 0.025. All statistical analyses were
performed with SigmaStat 3.1 (Jandell Scientific Corp., San
Raphael, CA, USA).
Results
South Korean (age 32.5 ± 8.4 years) and Croatian (age
33.8 ± 9.05 years) participants were matched for age and
one way ANOVA showed no significant differences in age
(F = 2.73; df = 1623; P = 0.099).
Genotype and allele frequencies of the BDNF val66met
polymorphism were determined in 800 healthy participants: 556 Croatian participants and 244 Korean participants (Table 1). The observed genotype distribution
in Korean (χ21 = 1.444; P = 0.229) or Croatian (χ21 = 0.406;
P = 0.524) samples did not differ significantly from the expected Hardy-Weinberg equilibrium. In Koreans, the genotype frequency “Met/Met” was found in 57 participants
(23.4%), “Met/Val” in 112 participants (45.9%), and “Val/
Val” in 75 participants (30.7%). In Croatians, “Met/Met” was
found in only 19 participants (3.4%), “Met/Val” in 180 participants (32.4%), and “Val/Val” in 357 participants (64.2%).
There were significant differences in the frequency of “Met/
Met,” “Met/Val,” and “Val/Val” genotypes between all Korean
and Croatian participants (χ22 = 114.68; P < 0.001), between
male Korean and male Croatian participants (χ22 = 65.25;
P < 0.001), and between female Korean and female Croatian participants (χ22 = 49.06; P < 0.001). The most frequent
genotype among Korean participants (either in both sexes,
or separately in men or women) was “Met/Val,” while the
most frequent genotype among Croatian participants (either in both sexes, or separately in men or women) was

Table 1. Genotype and allele frequencies of the brain-derived neurotrophic factor val66met polymorphism in Asian
(Korean) and Caucasian (Croatian) participants
Genotype (No, %)
Allele (No, %)
Participants
AA (Met/Met)
AG (Met/Val)
GG (Val/Val)
A (Met)
G (Val)
57 (23.4)
112 (45.9)
75 (30.7)
226 (46.3)
262 (53.7)
Korean (n = 244):
25 (19.4)
68 (52.7)
36 (27.9)
118 (45.7)
140 (54.3)
male (n = 129)
32 (27.8)
44 (38.3)
39 (33.9)
108 (47.0)
122 (53.0)
female (n = 115)
19 (3.4)
180 (32.4)
357 (64.2)
217 (19.5)
894 (80.5)
Croatian (n = 556):
12 (3.4)
111 (31.8)
226 (64.8)
135 (19.3)
563 (80.7)
male (n = 349)
131 (63.3)
82 (19.9)
331 (80.1)
female (n = 207)
7 (3.4)
69 (33.3)
*Abbreviations: Met – methionine; Val – valine.
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“Val/Val.” To control for the possible sex-related differences in the BDNF val66met polymorphism within the particular ethnic group, BDNF val66met was compared separately
in male and female Korean or male and female Croatian
participants. No significant differences in the occurrence
of “Met/Met,” “Met/Val,” and “Val/Val” genotypes were found
for Korean (χ22 = 5.34; P = 0.069) or Croatian (χ22 = 0.139;
P = 0.933) men and women (Table 1).
The frequency of the “Met” and “Val” alleles was significantly different (Table 1) in Asian and Croatian participants (χ21 = 120.07; P < 0.001), Korean and Croatian men
(χ21 = 66.09; P < 0.001), and Korean and Croatian women
(χ21 = 51.64; P < 0.001). All Korean participants, Korean men,
and Korean women had similar distribution of “Met” and
“Val” alleles (46.3%, 45.7%, and 47.0% and 53.7%, 54.3%,
and 53.0%, respectively). All Croatian participants, Croatian men, and Croatian women had significantly (P < 0.001)
lower frequency of “Met” allele (19.5%, 9.3% and 19.9%)
and significantly (P < 0.001) higher frequency of “Val” allele
(80.5%, 80.7%, and 80.1%) than Korean participants. No significant differences were detected in the allele frequency
between male and female Korean (χ21 = 0.03; P = 0.858) or
between male and female Croatian (χ21 = 0.02; P = 0.896)
participants (Table 1).
Discussion
Our comparative multi-centric study demonstrated significant ethnic differences in the frequency of the BDNF val66
met alleles and genotypes in healthy male and female participants recruited from ethnically homogenous Caucasian
(of Croatian origin) and Asian participants (of Korean origin).
Besides a meta-analysis of the case-control studies (2) and a
comparison of the data with the previous reports (11), this
is the first direct comparison of the frequencies of the BDNF
val66met alleles and genotypes in large groups of Caucasian
and Asian healthy participants. In line with previous findings (2,6,8-12), our results showed the opposite genotype
frequencies in the two ethnic populations: the “Met/Val”
genotype was most frequent in Asian participants, while
“Val/Val” genotype was most frequent in Caucasian participants. In our study, the distribution of the “Met” and “Val”
alleles was almost equal in Asian population, a result confirmed by the reported frequency of 43-58% (15) or 45.941.7% (2) for “Met” allele in different Asian populations. On
the other hand, the majority of our Caucasian individuals
were carriers of the “Val” allele. This finding agrees with the
reported frequency of 84-78% (15) or 80.1-81.5% (2) for
“Val” allele in various Caucasian populations.
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Ethnic differences between Asian or Caucasian participants
in our study were not due to different sex of the participants, which is in agreement with previous data on BDNF
(2,9,16,17). Absence of sex-related differences was also reported for BDNF concentration in serum or plasma (18-20)
Ethnic differences in BDNF val66met might be associated
with smoking status (9) and different anxiety-like personality traits (17). It has been reported that Caucasian participants (of German origin), carriers of the “Met” alleles, were
more vulnerable to initiate and/or maintain smoking (9).
Since Croatian (Caucasian) and Korean (Asian) healthy individuals were not controlled for smoking habits or anxiety-like personality traits, the possible association of smoking and/or anxiety-like personality traits and BDNF val66met
cannot be excluded.
BDNF regulates food intake, eating behavior, and energy
expenditure (1). In healthy Caucasian individuals, “Met/
Met” genotype was connected with the lower body mass
index (BMI) (21). Hence, ethnic differences in BDNF val66
met might be associated with different BMI, dietary habits, and obesity status in Croatian (Caucasian) and Korean
(Asian) participants. Epidemiological data (22,23) suggest
that Croatian participants are overweight or obese, while
Koreans still have lower BMI than most of the examinees
in the Western countries (24). Although we did not determine BMI, eating patterns, caloric intake, daily exercise,
and physical activity in our Caucasian and Asian groups,
we might presume that these and other unknown factors
might have accounted for the ethnic differences in BDNF
val66met in Asian compared with Caucasian healthy individuals.
Significant ethnic differences in the BDNF val66met polymorphism may arise from a natural selection of a particular
allele or from the influence of various environmental factors, or might be induced by a fixation of allele frequency
through a founder effect (2). These differences, other genetic and environmental factors, and factors like population stratification, inadequate sample sizes, different diagnostic instruments, may contribute to the divergent
findings in pharmacogenetic studies, and in the studies
investigating genetic variations in neuropsychiatric disorders among different ethnic groups (2,4,15). Caucasian and
Asian participants with homozygosity for the “Met” allele
have an increased risk for schizophrenia and carriers of the
“Val/Met” and the “Met/Met” genotypes have an increased
risk for eating disorders, while Caucasian and Asian carriers of “Val” allele have an increased risk for substance-re-
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lated disorders (2). Caucasian carriers with “Val/Val” genotype have higher anxiety scores than carriers of “Met/Met”
or “Val/Met” genotype (17). These data suggest an involvement of BDNF val66met polymorphism in the etiology of
substance-related disorders, eating disorders, schizophrenia (2,15), anxiety related personality traits (17), and neuroticism (10).
The limitation of the study was that we did not control
for the smoking status, anxiety-like personality traits, eating patterns, body mass index, caloric intake, daily exercise,
and physical activity in our participants. The advantages
of the study were its size and homogeneity, as well as the
evaluation of BDNF val66met in all participants and separately in men and women, and conservative Bonferroni
correction used for multiple testing.
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In conclusion, our study showed significant ethnic differences in the BDNF val66met polymorphism in Korean and
Croatian healthy participants, with significantly lower frequency of “Met” allele and significantly higher frequency
of “Val” allele in Croatian than in Korean participants. Ethnic
differences in BDNF val66met polymorphism found in the
present and previous (2,11,15) studies, with other multiple
genetic and environmental factors, might be responsible
for the diversity of the reported positive and negative associations between this polymorphism and various neuropsychiatric disorders. Our results suggest that a careful
matching of the participants for ethnicity, among other
factors, should be done in pharmacogenetic studies, or
in the studies investigating complex molecular pathways
involved in the pathogenesis of psychiatric and neurodegenerative disorders.
Acknowledgments
We thank Martina Dezeljin, BSc (Ruđer Bošković Institute, Zagreb,
Croatia) for the assistance in genetic analyses. This work was supported by Croatian Ministry of Science, Education, and Sports,
grants No. 098-0982522-2455 and 098-0982522-2457.

References
1	Russo-Neustadt A. Brain-derived neurotrophic factor, behavior, and
new directions for the treatment of mental disorders. Semin Clin
Neuropsychiatry. 2003;8:109-18. Medline:12728410 doi:10.1053/
scnp.2003.50014
2

Gratacos M, Gonzalez JR, Mercader JM, de Cid R, Urretavizcaya M,
Estivill X. Brain-derived neurotrophic factor Val66Met and psychiatric disorders: meta-analysis of case-control studies confirm
association to substance-related disorders, eating disorders, and
schizophrenia. Biol Psychiatry. 2007;61:911-22. Medline:17217930
doi:10.1016/j.biopsych.2006.08.025

morphism affects human memory-related hippocampal activity
and predicts memory performance. J Neurosci. 2003;23:6690-4.
Medline:12890761
8

Pezawas L, Verchinski BA, Mattay VS, Callicott JH, Kolachana BS,
Straub RE, et al. The brain-derived neurotrophic factor val66met
polymorphism and variation in human cortical morphology. J Neurosci. 2004;24:10099-102. Medline:15537879 doi:10.1523/JNEUROSCI.2680-04.2004

9	Lang UE, Sander T, Lohoff FW, Hellweg R, Bajbouj M, Winterer G,
et al. Association of the met66 allele of brain-derived neurotrophic factor (BDNF) with smoking. Psychopharmacology (Berl).
2007;190:433-9. Medline:17186223 doi:10.1007/s00213-006-06471
10 Sen S, Nesse RM, Stoltenberg SF, Li S, Gleiberman L, Chakravarti A,
et al. A BDNF coding variant is associated with the NEO personality inventory domain neuroticism, a risk factor for depression.
Neuropsychopharmacology. 2003;28:397-401. Medline:12589394
doi:10.1038/sj.npp.1300053
11 Shimizu E, Hashimoto K, Iyo M. Ethnic difference of the BDNF
196G/A (val66met) polymorphism frequencies: the possibility to
explain ethnic mental traits. Am J Med Genet B Neuropsychiatr
Genet. 2004;126B:122-3. Medline:15048661 doi:10.1002/ajmg.
b.20118
12 Sklar P, Gabriel SB, McInnis MG, Bennett P, Lim YM, Tsan G, et al.
Family-based association study of 76 candidate genes in bipolar disorder: BDNF is a potential risk locus. Brain-derived neutrophic factor. Mol Psychiatry. 2002;7:579-93. Medline:12140781
doi:10.1038/sj.mp.4001058
13 Sambrook J, Russel DW. Molecular cloning: a laboratory manual.
3rd edition. Cold Spring Harbor (NY): Cold Spring Harbor Laboratory Press; 2001.
14 Miller SA, Dykes DD, Polesky HF. A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Res.
1988;16:1215. Medline:3344216 doi:10.1093/nar/16.3.1215
15 Jonsson EG, Edman-Ahlbom B, Sillen A, Gunnar A, Kulle B, Frigessi
A, et al. Brain-derived neurotrophic factor gene (BDNF) variants

www.cmj.hr

48

GENOMICS

and schizophrenia: an association study. Prog Neuropsychop-

Croat Med J. 2009; 50: 43-8

20 Shimizu E, Hashimoto K, Okamura N, Koike K, Komatsu N, Ku-

harmacol Biol Psychiatry. 2006;30:924-33. Medline:16581172

makiri C, et al. Alterations of serum levels of brain-derived neu-

doi:10.1016/j.pnpbp.2006.02.008

rotrophic factor (BDNF) in depressed patients with or without

16 He XM, Zhang ZX, Zhang JW, Zhou YT, Tang MN, Wu CB, et al. Lack
of association between the BDNF gene Val66Met polymorphism
and Alzheimer disease in a Chinese Han population. Neuropsychobiology. 2007;55:151-5. Medline:17657167 doi:10.1159/000106473
17	Lang UE, Hellweg R, Kalus P, Bajbouj M, Lenzen KP, Sander T, et al.
Association of a functional BDNF polymorphism and anxiety-related personality traits. Psychopharmacology (Berl). 2005;180:95-9.
Medline:15918078 doi:10.1007/s00213-004-2137-7
18 Karege F, Perret G, Bondolfi G, Schwald M, Bertschy G, Aubry

antidepressants. Biol Psychiatry. 2003;54:70-5. Medline:12842310
doi:10.1016/S0006-3223(03)00181-1
21 Gunstad J, Schofield P, Paul RH, Spitznagel MB, Cohen RA, Williams
LM, et al. BDNF Val66Met polymorphism is associated with body
mass index in healthy adults. Neuropsychobiology. 2006;53:153-6.
Medline:16707914 doi:10.1159/000093341
22	Cubrilo-Turek M, Turek S, Smolej-Narancic N, Rudan P. The cost of
obesity in Croatia. Atherosclerosis. 2007;8 Suppl 1:184.
23	Turek S, Rudan I, Smolej-Narancic N, Szirovicza L, Cubrilo-Turek M,

JM. Decreased serum brain-derived neurotrophic factor levels

Zerjavic-Hrabak V, et al. A large cross-sectional study of health at-

in major depressed patients. Psychiatry Res. 2002;109:143-8.

titudes, knowledge, behaviour and risks in the post-war Croatian

Medline:11927139 doi:10.1016/S0165-1781(02)00005-7

population (the First Croatian Health Project). Coll Antropol.

19	Lommatzsch M, Zingler D, Schuhbaeck K, Schloetcke K, Zingler
C, Schuff-Werner P, et al. The impact of age, weight and gender

2001;25:77-96. Medline:11787568
24	Lee JH, Jang Y, Kim JY. Dietary habits, obesity status and cardio-

on BDNF levels in human platelets and plasma. Neurobiol Aging.

vascular risk factors in Koreans. Int Congr Ser. 2004;1262:538-41.

2005;26:115-23. Medline:15585351 doi:10.1016/j.neurobiolaging.2

doi:10.1016/j.ics.2003.11.034

004.03.002

www.cmj.hr

