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Abstract
Objectives—Lower levels of serum Brain Derived Neurotrophic Factor (BDNF) is one of the
best known biomarkers of depression. To identify genetic variants associated with serum BDNF,
we tested the Val66Met (rs6265) functional variant and conducted a genome-wide association
scan (GWAS).

Methods—In a community-based sample (N = 2054; aged 19 to 101, M = 51, SD = 15) from
Sardinia, Italy, we measured serum BDNF concentration and conducted a GWAS.

Results—We estimated the heritability of serum BDNF to be 0.48 from sib-pairs. There was no
association between serum BDNF and Val66Met in the SardiNIA sample and in a meta-analysis
of published studies (k = 13 studies, total n = 4727, p = 0.92). Although no genome-wide
significant associations were identified, some evidence of association was found in the BDNF
gene (rs11030102, P = .001) and at two loci (rs7170215, P = 4.8×10−5 and rs11073742 P =
1.2×10−5) near and within NTRK3 gene, a neurotrophic tyrosine kinase receptor.

Conclusions—Our study and meta-analysis of the literature indicate that the BDNF Val66Met
variant is not associated with serum BDNF, but other variants in the BDNF and NTRK3 genes
might regulate the level of serum BDNF.
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Introduction
Decreased brain-derived neurotrophic factor (BDNF) in serum is one of the best known
biological markers of depression (Duman & Monteggia, 2006, Mossner et al., 2007), and is
implicated in a number of other psychiatric and neurodegenerative disorders (Brandys et al.,
in press, Forlenza et al., 2010, Xiu et al., 2009, Yu et al., 2008). For example, the level of
BDNF in serum is lower in patients suffering from mood disorders (Bocchio-Chiavetto et
al., 2010, Diniz et al., 2010, Molendijk et al., in press, Schmidt & Duman, 2010), in subjects
who experience depressive symptoms(Bus et al., 2011, Terracciano et al., in press), and in
those who score high in neuroticism (Lang et al., 2004, Minelli et al., in press, Terracciano
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et al., in press). Given the importance of biological markers to understand the etiology and
pathophysiological mechanisms of depressive disorders (Mossner et al., 2007), the aim of
this study is to identify genetic variants associated with serum BDNF.

In a family-based cohort (N = 2054) we measured serum BDNF concentration and
genotyped subjects using high-density arrays. We first estimated the heritability of serum
BDNF from sib-pairs because a genetic association assumes that peripheral levels of BDNF
are under some degree of genetic control. Next, we examined the role of the common SNP
rs6265 in the BDNF gene, a Val66Met functional variant found to influence BDNF
expression (Egan et al., 2003). We tested whether Met carriers have lower serum BDNF in
one of the largest samples to date. In addition, given the mixed evidence for an association
between the Val66Met variant and serum BDNF (Lang et al., 2009, Minelli et al., in press,
Ozan et al., 2010, Yu et al., 2008), we conducted a meta-analysis to provide a quantitative
summary of the current and published studies. Finally, in addition to testing the Val66Met
polymorphism, we conducted a genome-wide association scan (GWAS) to identify new
common variants potentially associated with serum BDNF.

Methods and Materials
Sample description

As described in detail elsewhere (Pilia et al., 2006, Sutin et al., 2010, Terracciano et al.,
2010b), the SardiNIA project is an ongoing multidisciplinary study conducted in the
Ogliastra province of Sardinia, Italy. This sample is derived from one of the oldest and
largest genetically isolated populations (Cavalli-Sforza et al., 1994). The relatively uniform
genetic background can provide robust associations by reducing the risk of false associations
due to population stratification. In this study, we present results based on 2054 subjects
(62% women; Mean age = 51.4, SD = 15.2) who were assayed for serum levels of BDNF
and genotyped for the Val66Met variant. Genome-wide association analyses were performed
on a subsample of subjects (n = 1668) with available data. The only exclusion criteria were
being younger than 14 years old and being from regions other than Sardinia. Participants
were not screened for psychiatric disorders. Each subject signed a consent form prior to their
inclusion in the study approved by the institutional review boards in Italy and the USA. The
study has been performed in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki.

Measurement of serum BDNF concentration
As described previously (Terracciano et al., in press) blood samples were drawn from
subjects in the morning after an overnight fast. A total of 5.5ml of blood were collected in
anticoagulant-free tubes. The blood samples were processed within 2 hours and serum was
stored at −80°C until they were assayed, between 3 and 13 months (7 months average).
BDNF concentrations in serum were assayed with the commercially available BDNF Emax®
ImmunoAssay System (Promega, Madison, WI), following the manufacturer’s protocol. The
microplate reader SpectraMax Plus384 (Molecular device) was used to record the absorbance
at 450 nm. All BDNF assays were performed in the same laboratory by the same biologists
(ML and MGP). This BDNF enzyme-linked immunosorbent assay (ELISA) has high
specificity, with less than 3% cross-reactivity with other related neurotrophic factors (NGF,
NT-3, and NT-4). This assay has a minimum sensitivity of 15.6 pg/ml of BDNF. To measure
concentrations within the range of the standard curve, the BDNF concentration was
examined on serum samples diluted 1:70 using the manufacturer recommended buffer. The
concentration of each sample was determined in reference to standard curves from 7.8 to
500 pg/ml BDNF (R2 ≥ 0.94), which were examined in duplicate in each plate (Coefficient
of Variation < 10%). As further control, we used the spike-and-recovery method to evaluate
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potential interference of our biological samples with the assay. For a subset of samples we
measured the concentrations of the un-spiked aliquot and compared it with three aliquots
spiked by adding 31.25, 62.5, and 125 pg/ml of exogenous BDNF. The recovery rate of the
spiked BDNF in the measured samples exceeded 95%. The BDNF concentration values
were normally distributed, ranging from 1 to 27 ng/ml, M = 14.07, SD = 3.04, Median =
14.06.

Genotyping
DNA was extracted from blood and genotyping was done with a combination of Affymetrix
10K, 500K, and 1M arrays and the Illumina Cardio-Metabochip array, as described in detail
elsewhere (Sanna et al., 2008, Terracciano et al., 2010b, Terracciano et al., 2010c,
Terracciano et al., 2010d). BRLMM was used for genotype calling, and quality controls
included sample call rate > 95%, and SNP exclusions criteria were Hardy- Weinberg
equilibrium ≤ 10−6, SNP call rate ≤ 90%, and minor allele frequency < 5%. The rs6265 was
assessed on both the Affymetrix and Illumina arrays, which showed perfect genotyping
match except for two individuals who were excluded from the analyses.

Statistical analyses
We calculated descriptive statistics as means ± SD or percentages, as appropriate. Univariate
and multivariate analyses of variance were used to evaluate differences between Val66Met
genotypes on serum BDNF concentration. As covariates we used age, sex, cigarette
smoking, antidepressant use, and obesity (BMI ≥ 30). To increase genomic coverage, we
imputed autosomal SNPs based on the CEU sample from the Haplotype Mapping Project
(http://www.hapmap.org). SNPs with poor imputation quality (r2 ≤ .3 were excluded.
MACH v1.015 (http://www.sph.umich.edu/csg/abecasis/MACH/index.html) was used to
impute genotypes. The GWAS analyses were performed using the fastAssoc option in
MERLIN (Chen & Abecasis, 2007). The association test implemented in MERLIN estimates
the additive effect of genotyped and imputed SNPs in the context of a variance component
model to adjust for relatedness among individuals.

Meta-analysis
To identify studies for inclusion in the meta-analysis, we searched the PubMed database
(www.ncbi.nlm.nih.gov/pubmed) through 1 June 2011 using the following combinations of
terms “BDNF,” “brain-derived neurotrophic factor,” “serum,” “Val66Met,” and “rs6265”.
The reference lists of the studies identified and those of other relevant articles were
examined to find additional studies. For studies that presented only limited statistics in their
article, we sent an e-mail to the corresponding author to request the missing data. We
obtained the necessary information from all studies we identified except for two
(Tramontina et al., 2007; Zhou et al., 2011). We performed a fixed-effects as well as
random-effects model meta-analysis, and heterogeneity was evaluated using the Q statistics.
Publication bias was assessed using the Egger test. Stratified analyses to assess the potential
moderating effect of sample ancestry were conducted for European and Asian samples.
Similarly, analyses were conducted separately for studies with community-based cohorts
and clinical samples. Data were analyzed using the “Comprehensive Meta Analysis”
(Version 2) software package. The standard p < 0.05 (two-tails) was used as a threshold for
statistical significance.
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Results
Heritability of serum BDNF

To estimate the heritability of BDNF levels in our sample, we examined the correlation
among 428 sib-pairs, one pair from each nuclear family with available data. The sib
correlation was 0.24, which, divided by the coefficient of relationship (0.5), gives an
estimated heritability of 0.48 for serum BDNF.

Association analyses of serum BDNF and the Val66Met genotypes in the SardiNIA sample
After quality controls, 2054 subjects assayed for serum BDNF had valid Val66Met (rs6265)
genotyping. There were 844 individuals with a GG (Val/Val) genotype, 955 with AG (Val/
Met), and 255 with the AA (Met/Met), in agreement with the Hardy- Weinberg equilibrium
(χ2 = 0.36, P > 0.05). The frequency of the G (Val) allele was 64%, which is lower than the
frequencies found in other European populations (~81%).

The concentration of serum BDNF was 14.13 ng/ml (SD = 3.0) for the Val/Val genotype,
14.00 ng/ml (SD = 3.1) for the Val/Met, and 14.11 ng/ml (SD = 3.1) for the Met/Met; there
was no significant difference between the groups (P = 0.67). We further compared the Met
carriers (Val/Met + Met/Met) with the homozygous Val/Val group, and found no significant
association (P = 0.46). There was no association even after controlling for relevant
covariates, including age, sex, cigarette smoking, antidepressant use, and obesity (P = 0.71).

Meta-analysis
In addition to the data from the SardiNIA sample, we identified 11 articles for inclusion in
the meta-analysis (Bhang et al., 2011, Duncan et al., 2009, Elzinga et al., 2011, Forlenza et
al., 2010, Lang et al., 2009, Minelli et al., in press, Ozan et al., 2010, Swardfager et al.,
2011, Yoshimura et al., 2011, Yu et al., 2008, Zhang et al., 2008), for a total of k = 13
independent samples, ranging in size from 27 to 2054, and for a total of 4727 subjects (2351
Met carriers and 2376 Val/Val carriers). The mean and SD of serum BDNF for each sample
included in the meta-analysis are reported in supplementary Table 1. There was significant
heterogeneity across studies (Q = 32.35, df = 12, P = 0.001; I2 = 62.96). Both the fixed and
random effect estimates were not significant (see Figure 1). When the studies were
examined separately based on ethnicity (Asian: k = 5, Z = 0.874, P = 0.38; European: k = 8,
Z = 0.043, P = 0.97) or sample type (cohort studies: k = 5, Z = 0.244, P = 0.81; clinical
studies: k = 8, Z = 0.242, P = 0.81) the meta-analyses revealed no significant association.
This lack of association was not due to any single study and even without the SardiNIA
study, there was no significant association (P = 0.81). No evidence of publication bias was
indicated by the Egger’s test (B0 = 0.02, 95%CI = −1.67 to 1.71, P = 0.98) and year of
publication was not associated with effect size (P = 0.89).

Additional studies have examined the association between the Val66Met variant and BDNF
in samples of plasma, whole blood, and amniotic fluid. The level of BDNF in plasma and
serum are not closely correlated (r = 0.21; n = 482)(Terracciano et al., in press), and less is
known for the other fluids, so these studies were not included in the meta-analyses.
However, the inclusion of these studies would not change the above results, given that the
Val66Met was not associated with levels of BDNF in the two studies that examined plasma
(Jiang et al., 2009, Terracciano et al., 2010a), nor in the two studies that examined whole
blood (Trajkovska et al., 2007, Vinberg et al., 2009). The only interesting exception is a
relatively small study that found lower BDNF in amniotic fluids of Met carriers (Cattaneo et
al., 2010).
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Genome-wide association results for serum BDNF concentrations
GWAS analyses were performed on 1668 subjects with both serum BDNF and genome-
wide scan data. We tested 2,325,980 autosomal imputed and genotyped SNPs and found no
association that exceeded the commonly accepted threshold for genome-wide significance
(P < 5×10−8). The inflation factor λ was 1.027, indicating that the distribution of p-values
was not inflated by population stratification. The SNPs with the strongest signals (P <
5×10−5) are presented in Supplementary Table 1. The genotyped SNP rs17008416 showed
the strongest signal of association (P = 6.8×10−7; G allele: frequency 89%, Beta = −0.95, SE
= 0.19). This SNP maps on chromosome 4, about 500Kb from the CDS1 and WDFY3 genes.

Among the strongest effects, we found an association with the genotyped SNP rs7170215 (P
= 4.8×10−5), which maps within the neurotrophic tyrosine kinase receptor, type 3 (NTRK3)
gene. The A allele (frequency 56%) was associated with lower serum BDNF concentrations
(Beta = −0.51, SE = 0.13), an effect that explained approximately 1% of the variance in
serum BDNF. As shown in Figure 2, an additional association signal was present at the 5′ of
NTRK3, with the strongest effect observed for the imputed SNP rs11073742 (P = 1.2×10−5;
T allele: frequency 65%, Beta = −0.56, SE = 0.13). The two SNPs rs7170215 and
rs11073742 within and near NTRK3 are independent loci, with no linkage disequilibrium
(R2 = 0.00). Other relatively strong effects were found for SNPs within the IFRD1, TRHR,
GRM8, CDH4, and CDH23 genes (see supplementary Table 1).

The GWAS analyses included 29 SNPs that map in the BDNF gene. As reported above,
rs6265 was not associated with serum BDNF. However, two SNPs in perfect LD (R2 = 1)
showed a nominally significant association: the genotyped rs11030102 (P = 0.0015, C
allele: frequency 91%, Beta = 0.66, SE = 0.21) and the imputed rs11030107 (P = 0.0016, A
allele: frequency 91%, Beta = 0.66, SE = 0.21). A third imputed SNP, rs10835211, which
was in high LD with the rs11030102 and rs11030107 (R2 = 0.96), was also associated with
serum BDNF (P = 0.0027, G allele: frequency 91%, Beta = 0.62, SE = 0.21).

The GWAS analyses included 365 SNPs that map in the neurotrophic tyrosine kinase
receptor type 2 (NTRK2), which has the highest affinity for BDNF. None of the SNPs would
pass a stringent gene-based Bonferroni correction (0.05/365 = 0.00013). The strongest effect
within NTRK2 was found for rs4419891 (P = 0.0011). Interestingly, the NTRK2 intronic
SNP rs1565445, which has been associated with lithium response in bipolar patients
(Bremer et al., 2007), was genotyped in our sample and showed some evidence of
association with serum BDNF (P = 0.0040, A allele: frequency 71%, Beta = −0.39, SE =
0.14).

Discussion
The aim of this study was to identify genetic factors that influence the concentration of
BDNF in serum, which we estimated to be about 50% heritable in our cohort. Serum levels
of BDNF were unrelated to the Val66Met in the current sample and in the meta-analysis of
published studies. Although the GWAS did not reveal any common variant that passed the
genome-wide significance threshold, the results suggest previously unidentified SNPs in the
BDNF and NTRK3 genes that should be considered as candidates in future studies.

Despite much interest and a large number of studies on the topic, the meta-analysis of the
current and published studies rejects the hypothesis that the Val66Met variant has a direct
effect on serum BDNF. This study adds to other large studies and meta-analyses that have
found no association between the Val66Met and the neuroticism personality trait (de Moor
et al., in press, Terracciano et al., 2010c), mood disorders (Schumacher et al., 2005), ADHD
(Sanchez-Mora et al., 2010), schizophrenia (Schizophrenia Research Forum, 2011), and
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Alzheimer’s Disease (Alzheimer Research Forum, 2011). Compared to these complex traits
and diseases, serum BDNF is a biological marker or endophenotype (Gottesman & Gould,
2003) and thus might have stronger genetic associations compared to more distant
phenotypes, such as mood disorders or personality traits. The results of this study, however,
provide no evidence that the genetics of circulating BDNF in serum is any simpler. No
variant explained large variance in serum BDNF. If there is a genetic basis for serum BDNF,
as suggested by the heritability estimate, it is likely to be several common variants, each
with a small effect size. Larger studies that use a GWAS approach will be required to
identify such common variants.

To our knowledge, we present the results of the first GWAS of serum BDNF. Among the
most interesting associations, we found SNPs (e.g., rs7170215 and rs11073742) that map
within and near NTRK3, a tyrosine kinase receptor that mediates the neurotrophic/TRK
signal transduction pathway. NTRK3 encodes for the TrkC receptor, which binds
Neurotrophin-3 but not BDNF (Lamballe et al., 1991). If replicated, this finding suggests
that NTRK3 receptor might play a role in regulative feedback on the expression and storage
of BDNF. NTRK3 has been proposed as a candidate gene for a number of psychiatric
disorders, including major depressive disorder (Feng et al., 2008, Verma et al., 2008),
bipolar disorder (Athanasiu et al., 2011), and anxiety disorder (Muinos-Gimeno et al.,
2009). We also identified a nominally significant association with rs11030102 (P = 0.0015;
and two other SNPs in high LD, rs11030107 and rs10835211), which maps in the BDNF
gene, and as such is a candidate variant that might regulate the level of BDNF in serum.

In future studies, it could be fruitful to examine the role of rarer genetic variants and the
effect of physiological and environmental factors on circulating levels of BDNF, extending
research on the effect of antidepressant drugs and treatments (Brunoni et al., 2008,
Molendijk et al., in press), the role of common stressor such as harmful life events (Elzinga
et al., 2011), and those of health-promoting behaviors, such as physical activity (Mattson et
al., 2004). BDNF expression could also be down-regulated by post-transcriptional processes
or epigenetic mechanisms, such as DNA methylation or histone acetylation (Roth et al.,
2009). By not accounting for the above factors, this study was limited to the analyses of
main effects of common genetic variants on serum BDNF. Another potential limitation is
the lack of psychiatric screening of the SardiNIA sample. However, at least for the
Val66Met, the meta-analysis found no difference between cohort-based and clinical
samples.

In summary, the data from our sample and a meta-analysis indicate that there is no
association between the much-studied Val66Met variant and serum BDNF, while the
GWAS provided interesting new candidate variants. These results extend our knowledge on
the genetics of serum BDNF, which appear more complex than previously anticipated.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Forest plot for Val66Met (rs6265) and serum BDNF association studies included in the
meta-analysis.
The squares represent the standardized mean difference on serum BDNF between the groups
with the Met variant and those with the Val/Val genotypes. The error bars represent the 95%
confidence interval.
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Figure 2.
Regional plot of the NTRK3 loci
Shown is the SNP association with serum BDNF concentration for the NTRK3 loci (with
−log10 P values on the y axis and the SNP genomic position on the x axis). The index SNP
rs7170215 is denoted with a purple diamond. SNPs are colored to reflect LD with the index
SNP (pairwise r2 values from HapMap CEU). Gene and microRNA annotations are from the
UCSC genome browser. LocusZoom (http://csg.sph.umich.edu/locuszoom/) was used for
this plot.
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