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Abstract

Context—Variations in the brain-derived neurotrophic factor (BDNF) gene have been associated
with psychiatric disorders, such as schizophrenia, bipolar and major depressive (MDD) disorder,
and with antidepressant action. Deep sequencing of the BDNF gene may identify new genetic
variations and bring further insights into psychiatric genetics.

Objective—To better characterize sequence variability in the BDNF gene.

Design—A genomic DNA region of 72 kb that contained the entire BDNF coding sequence and
5kb of flanking regions was re-sequenced in more than 500 subjects.

Setting and Participants—Re-sequencing data was obtained in 264 controls and 272 MDD
individuals collected from the Mexican-American community in Los Angeles; individuals were
accessed by the same bilingual clinical research team.

Main Outcome Measures—Identification of novel genetic polymorphisms in the BDNF gene,
assessment of their frequencies and associations with MDD risk or response to antidepressants.

Results—We identified 83 novel single nucleotide polymorphisms (SNP): 30 in untranslated
regions, in coding sequences, 37 in introns, and 12 in upstream regions. 3 of 4 rare novel coding
SNPs were non-synonymous. Association analyses of MDD and controls revealed that 6 SNPs
were associated with MDD (rs12273539, rs11030103, rs6265, rs28722151, rs41282918,
rs11030101) and two haplotypes in different blocks were significantly associated with MDD. One
recently reported 5’ UTR (untranslated region) SNP, rs61888800, was associated with
antidepressant response after adjusting for age, gender, medication and baseline HAM-D21 score.

Conclusions—We identified 83 new BDNF polymorphisms and found that genetic frequency
variations across populations exist for this gene. One single SNP (rs12273539) and two haplotypes
(one including Val66, another near exon VIl1h) remained significant after adjusting for multiple
testing. One 5" UTR SNP was associated with antidepressant response. Further studies using larger
independent samples are needed to confirm this association and to understand the implications of
these novel BDNF variations in psychiatric disorders.
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University of Miami Miller School of Medicine, 1120 NW 14th St, Suite 1455, Miami, Florida 33136, Phone: (305) 243-2676, Fax:
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1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Licinio et al. Page 2

INTRODUCTION

The neutrophins are secreted peptides that are critically involved in differentiation and
survival of neuronal populations 1-3. Brain-derived neurotrophic factor (BDNF) 4~/ is a
neurotrophin that is abundantly and widely expressed in the CNS & 9. During the past
decade, BDNF has emerged as a key factor implicated in complex behavioral patterns in the
developing CNS and in disease. BDNF modulates signaling pathways that rapidly affect
local synaptic function but it also has long-term effects on gene transcription. It promotes
neuronal survival in the peripheral and CNS via the transcription factor CAMP-response
element (CREB), which influences the expression of Bcl-2, a pro-survival gene. It also has
important roles in excitatory synaptic transmission and plasticity1%-13, memory processing
and storage 13-18, and kindling and temporal lobe epilepsy 19-22. This relevance to crucial
CNS functions has raised interest in its role in neurodegenerative and psychiatric disorders.

Allelic variations of the BDNF gene have been implicated in several conditions.
Specifically, the allelic variation Thr2lle (substitution of isoleucine for threonine at
aminoacid position 2 in the coding sequence) has been implicated in the congenital central
hypoventilation syndrome 23, The variations in BDNF have been extensively studied and
implicated in the susceptibility to memory and hippocampal function impairments 24, and
several psychiatric disorders25, such as obsessive-compulsive 28, eating 27- 28,

bipolar 2930-34  schizophrenia3®, major depression 36: 37 and Alzheimer’s disease 3840, In
spite of conflicting findings in replication studies have been noted for several of these
associations, it is interesting to note that the less frequent variation Met66, which is
associated with poorer episodic memory and abnormal hippocampal activation in functional
magnetic resonance imaging, generally confers a protective effect to neuropsychiatric
conditions.

The genetic factors that contribute to human disease show enormous variation in the allelic
spectra in number and population frequency of disease-predisposing alleles. Common
complex disorders are multi-factorial and probably composed of both common genetic
variants (common disease/common allele model) with small effect and rare sequence
variants (rare variant/common disease model) with larger effect*l. Although, the common
allele is the prevalent of these two competing models in the genetic influence in common
complex conditions, it has been predicted that re-sequencing studies may identify many rarer
variants (>5%) of intermediate effect associated with common disorders and they may also
be able to identify structural variations in genomic DNA, such as duplication and deletions
of DNA sequences 42 43,

Given the functional importance of BDNF in the CNS, the understanding of its allelic
variants may be relevant to understanding its role in neuropsychiatric conditions. In spite a
number of studies conducted to examine the association of BDNF variants, most of them
have been focused on genotyping tag single nucleotide polymorphisms (tagSNPs) or the
functional coding SNP rs6265. To our knowledge, no study has comprehensive surveyed
BDNF sequence variation through direct sequencing and correlated the identified genetic
variants with disease susceptibility. To discover new BDNF genetic variants and detect rare
variants, we sequenced the whole BDNF gene and 5 kb flanking region in a total of 536
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DNA samples comprised of 264 control and 272 depressed Mexican-American individuals.
We further investigated all the identified genetic variants for association with risk for major
depression and for relation to efficacy of antidepressant treatment.

Participants were 264 controls and 272 patients with major depressive disorder (MDD) aged
19-68 years old. All participants were Mexican-Americans and had at least 3 grandparents
born in Mexico. MDD was defined as a DSM-1V (Diagnostic and Statistical Manual of
Mental Disorders, 4th Ed) diagnosis of current, unipolar major depressive episode and a
HAM-D21 (21-l1tem Hamilton Depression Rating Scale) score of 18 or greater with item
number 1 (depressed mood) rated 2 or greater. All MDD patients were enrolled in a
pharmacogenetic study of antidepressant treatment response as previously described, and
registered at clinical trials.gov (ID number NCT00265291)#4 45, The demographic
characteristics and the numbers of subjects in each subgroup were presented in
Supplementary Table 1 and a flowchart (Supplementary Figure 1). Briefly, in their primary
language, all MDD patients had a comprehensive psychiatric and medical assessment based
on the diagnostic and ratings instruments that had been fully validated in English and in
Spanish. Exclusion criteria included active medical illnesses that could be etiologically
related to the ongoing depressive episode, current or active suicidal ideation with a plan and
strong intent, pregnancy, lactation, current use of medications with significant central
nervous system activity, which interfere with EEG activity (e.g. benzodiazepines) or any
other antidepressant treatment within the 2 weeks prior to enroliment, illicit drug use and/or
alcohol abuse in the last 3 months or current enrollment in psychotherapy. Control
individuals for our genomic studies were in general good health but were not screened for
medical or psychiatric illness, they were age- and gender- matched and recruited from the
same Mexican-American community in Los Angeles by the same bilingual clinical research
team.

Antidepressant Treatment

All patients had an initial comprehensive psychiatric and medical assessment and, if
enrolled, had weekly structured follow-up assessments for 9 weeks. The study consisted of
two phases: a 1-week single-blind placebo lead-in phase to minimize the impact of placebo
responders followed, if subjects continued to meet the inclusion criteria after phase 1, by
random assignment to one of the two treatment groups: fluoxetine 10-40 mg/day or
desipramine 50-200 mg/day, administered in a double-blind manner for 8 weeks. Our
primary clinical outcome measure was HAM-D21 score and clinical remission on
antidepressants was defined as having a final (week 8) HAM-D21 score < 844, In addition,
the relative response change was also computed as the difference in HAM-D21 score
between pre- and post-treatment divided by the pre-treatment HAM-D21 score.

Genomic DNA Collection and Sequencing

At the initial visit, blood samples were collected under informed consent from the
participating individuals into EDTA (K2EDTA) BD Vacutainer EDTA tubes (Becton
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Dickinson, Franklin Lakes, NJ), and genomic DNA was isolated by using Gentra Puregene
DNA purification Kits (Gentra Systems, Indianapolis, IN). BDNF DNA sequencing was
completed to identify genetic polymorphisms by the Wellcome Trust Sanger Institute
following their ExoSeq protocol (http://www.sanger.ac.uk/humgen/exoseq/). A 72 kb
genomic DNA region, containing the entire BDNF coding region and 5kb flanking region,
was sequenced. Briefly, DNA sequences were extracted from the VVega database (http://
vega.sanger.ac.uk/index.html). Primers were designed automatically using Primer3 to
amplify DNA and primer pairs were checked for uniqueness prior to ordering and pre-
screened to determine the optimum conditions for amplification. After amplification a
sample of the products were visualized on an agarose gel, to confirm the size of the PCR
product. The remaining PCR product was then cleaned-up using two enzymes, Exonuclease
1 and Shrimp Alkaline Phosphatase. Bi-directional sequencing of amplicons was carried out
using Big DyeTM chemistry. SNPs were called using ExoTrace, a website algorithm
developed for the detection of heterozygotes in sequence traces, which processes the sense
and antisense sequence reads separately and subsequently and combines the results to allow
SNP scoring.

Nucleotide Diversity (6) and Population Differentiation (FST) Estimation

Nucleotide diversity (6) and its standard deviation (S 6)) were calculated by SNP class under
the assumption of an infinite neutral allele model as follows*6: 47: 9= K/alL,
S(0)=1/abL+b(6L)*/aL, a=Y 1/(i-1) b= 1/(i—1)?

i=2 ,and =2 , where K = the number of
observed SNPs among L base pairs of genomic sequence in a sample of nalleles. All
calculations were based on n=990 for all the sites given that the average sample size was
495 individuals across all the polymorphisms. The pairwise Fgt values were estimated for
the dbSNPs which were both detected in our Mexican American sample and reported in
HapMap sample and were calculated as described by Weir48-50,

Hardy-Weinberg Equilibrium (HWE) Test and Population Stratification Analysis

Case-control study design is an efficient method to examine associations between candidate
alleles and disease. But in order to compare allele frequencies and to be able to treat
chromosomes as independent observations, the genotype frequencies must be in Hardy-
Weinberg equilibrium®?. Deviation from Hardy-Weinberg equilibrium was tested separately
for healthy controls and patients by using PLINK program Version1.00 (http://
pngu.mgh.harvard.edu/~purcell/plink/)>2. SNPs that are not in HWE in the healthy control
group were excluded from the allele-based association analyses of cases and controls.

Another confounding factor that may impact the internal validity of case-control studies is
the presence of population stratification. We used two approaches to test for the hidden
stratification in our data. Firstly, 54 unlinked SNPs across 22 autosomal chromosomes were
employed to analyze a combined sample with the genotype data download from three
HapMap ethnic samples using STRUCTURE program. Three distinct clusters were
identified with an average proportion of at least 92% of individuals correctly assigned to the
given ethnic populations (CEU, CHB+JPT, YRI) (Supplementary Figure 2A). We then used
this panel of SNPs to test our sample and observed an almost equal proportion assigned to
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each clusters given K=2, 3, 4 in both cases and controls (Supplementary Figure 2B).
Secondly, genotype frequencies from each of the 54 unlinked SNPs were compared between
cases and controls using the method described by Pritchard et al®3. No significant difference
was found based on an overall test statistic (y2=100.50, df =108, p=0.68).

Genetic Association Analyses of Case and Controls

For SNP-based association analysis, Fisher’s Exact test (2-tailed) was performed to compare
allele frequencies and genotype distributions between depressed and healthy individuals by
using PLINK program. In the allelic association analysis, each polymorphism was tested in
controls to ensure the fitting with HWE; the odds ratio (OR) on the 2x2 contingency table of
allele counts and its 95% confidence interval were also estimated for the polymorphism
associated with the diagnosis of depression. In the genotypic association analysis, the SNP
effects were tested under a codominant model on the 2x3 contingency table of genotype
counts. In addition, logistic regression analyses were performed to test whether the observed
SNP-depression association remained valid after controlling age and gender using SAS
package (SAS Institute, Cary, NC).

For haplotype-based association analysis, haplotype blocks were identified by searching for
“spine” of strong LD running from one marker to another along the legs of the triangle in the
LD chart and haplotype population frequencies were estimated by using expectation
maximization (EM) algorithm performed in computer program Haploview (Version 4,
Broad Institute, http://www.broad.mit.edu/mpg/haploview/) 4. Haplotype frequencies were
compared between depressed and control individuals to test whether a certain haplotype was
associated with a diagnosis of depression.

To correct for multiple testing, 20,000 permutations were performed to estimate the adjusted
p values for both single SNP-based analyses and haplotype-based analyses by using
Haploview.

Genetic Association Analysis of Response to Antidepressants

Data analyses were performed using both intention-to-treat (ITT) and completed-treatment
samples. ITT sample consisted of patients who were randomized to one arm and received at
least one dose of antidepressant medication and completed-treatment sample consisted to
patients who completed 8-week of antidepressant treatment. The last observation carried
forward (LOCF) approach was used to imput missing outcome in the ITT analysis. For
discrete outcome (remission vs. non-remission), we investigated the allelic and genotypic
association with the response to antidepressant treatment using the similar approaches to
those in the analysis of cases and controls. For the quantitative outcome (relative reduction
% in HAM-D21 scores between pre- and post-treatment), we conducted the analyses based
on three genetic models (additive, dominant and recessive) and first performed the analyses
using the combined samples of patients treated with desipramine or fluoxetine. We then
performed the analysis separately by antidepressant medication (desipramine only,
fluoxetine only). We employed a multiple linear regression model to examine the
association between genotype and relative HAM-D21 score reduction by controlling for age,
gender, and baseline (pre-treatment) HAM-D21 score using PLINK program.
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Power Calculation

RESULTS

Power to test the allelic association with depression was estimated with a range of effect size
(odds ratio, OR) between 1.35 and 2.25 and minor allele frequency (MAF) between 0.1 and
0.25 using PAWE program >, Power analyses showed that at a two-sided significance level
of 0.05, sample sizes of 265 cases and 265 controls can achieve 80% power to detect an
allelic OR of 1.68, 1.57, 1.50 and 1.46 with an MAF of 0.10, 0.15, 0.20 and 0.25,
respectively. Power calculations for the association of BDNF variants with antidepressant
treatment continuous outcome were given for a range of allele frequencies and Cohen’s
effect size (mean difference in unit of standard deviation) based on dominant genetic model
and using the Quanto (Version 1.2.3) program 9657, Sample size is assumed to be 200 for
combined sample and 100 for each antidepressant treatment group based on an ITT design.
Power analyses showed that at a two-sided significance level of 0.05 and when the allele
frequency > 0.15, the power is = 89% to uncover a moderate effect size of 0.5 for a sample
of 200 patients and = 78% to detect a medium effect size of 0.6 for a sample of 100 patients.

Detection of Sequence Variation

Approximately 72 kb of DNA sequence containing 5 kb of flanking regions was
systematically screened for novel nucleotide sequence variations in a sample of 536
Mexican American individuals, 264 controls and 272 depressed. A total of 130 nucleotide
sequence variations were identified (Table 1). They included 83 novel SNPs and 47
dbSNPs: 40 in untranslated regions (UTRs), 6 in coding sequences, 62 in intronic sequences,
and 22 in the flanking regions. Among 6 coding SNPs, 3 novel non-synonymous SNPs
[NT_009237.17_26467094 (Ala/Thr), NT_009237.17_26467235 (His/Gly),
NT_009237.17_26467246 (Gly/Asp)], and 1 synonymous SNP (NT_009237.17_26466714)
were found and their minor allele frequencies were respectively 0.0019, 0.0019, 0.001, and
0.001 in the combined sample of cases and controls. Seventy-nine other novel
polymorphisms included: 30 UTR SNPs, 37 intronic SNPs and 12 upstream SNPs
(Supplementary Table 2). The minor allele frequencies for the novel polymorphisms ranged
from 0.0009 to 0.2445 with an allele distribution of <0.001, 37.6%; >0.001 and <0.01,
50.5%; and >0.01, 11.9% in the combined sample of cases and controls.

Nucleotide Diversity

The nucleotide diversity was estimated in each class of sites (coding, 3’ UTR, 5’ UTR and
intronic) by correcting for both sample size and the length of the screened site (Table 1). The
nucleotide diversities were comparable for coding (0.0010 + 0.0005), 3’UTR (0.0011 +
0.0003) and 5’ UTR (0.0010 £ 0.0003) regions, but the estimate showed much lower
nucleotide diversity in intronic region (0.00014 + 0.00003). SNPs in UTRs or coding
regions showed a 6-fold more diversity compared to those in intronic region. For the type of
substitution, all the identified coding polymorphisms were transition, whereas the transition
rates were 71.0%, 69.6%, 72.2% and 68.2% for intronic, 3’ UTR, 5" UTR, and upstream
regions, respectively.
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Population Differentiation

Among the 47 dbSNPs detected, 18 were reported in three HapMap ethnic groups: White
(CEU), Black (YRI), and Asian (CHB+JPT) in the NCBI database as of 06/25/2008.
Pairwise FgT values between Mexican Americans (MA) and each HapMap ethnic sample
were computed for the shared 18 SNPs and showed in Table 2. Overall, the greater
similarity in allele frequencies was found between Mexican Americans and Caucasians with
a lower mean Fg in MA vs CEU of 0.03, compared to that in MA vs YRI of 0.1 and in MA
vs CHB+JPT of 0.09. For the single-locus estimates of Fs7 values, large Fst values (> 0.1)
were observed at 4 SNPs (rs7124442, rs11819808, rs4923468, and rs7931755) in MA vs
YRI (22.2%) and at 5 SNPs (rs6265, rs11030102, rs11030104, rs988748, and rs10767664)
in MA vs CHB+JPT (27.8%), but less often (5.5%) in MA vs CEU (1 SNP: rs12273539).

Single SNP-Based Association Analyses of Cases and Controls

SNP-based allelic association analyses revealed that 6 polymorphisms were associated with
MDD (rs12273539, p=0.00009; rs11030103, p=0.008; rs6265, p=0.009; rs28722151,
p=0.01; rs41282918, p=0.01; rs11030101, p=0.02) (Table 3). All these 6 SNPs had a minor
allele frequency of = 0.14 and their genotypes were in Hardy-Weinberg equilibrium in
controls. Genotyped-based analyses also showed that the 6 polymorphisms were associated
with depression phenotype with a p < 0.04 (Table 3). Among the 6 associated SNPs, 4 were
intronic variants with OR ranging from 1.37 to 1.80; 1 SNP was 3’ UTR variant
(rs41282918) with an effect of OR=2.13 (95% CI: 1.18-3.86); and 1 SNP was non-
synonymous variant (rs6265) with an effect of OR=1.66 (95% CI: 1.14-2.41). Logistic
regression analyses did not reveal a significant difference in age or gender between cases
and controls and the associations of the 6 SNPs with depression remained similar after
adjusting for age and gender. Permutation analysis showed that only SNP rs12273539
remained significant after adjusting for multiple tests with a corrected p value of 0.002.

Haplotype-Based Association Analysis of Cases and Controls

Figure 1 shows that 7 haplotype blocks were identified by searching for the solid spine of
strong LD, Among the 130 detected polymorphisms, 33 SNPs with a minor allele frequency
>1.5% were included in the haplotype analyses. Several haplotypes were found to be
associated with the diagnosis of depression in block 3 (5 SNPs: rs56820186, rs6265,
rs11030101, rs28722151, and rs11030102) and block 4 (4 SNPs: rs57083135,
NT_009237.17_26469156, rs110303103, and rs12273539). Block 3 included three SNPs
associated with depression (Table 3). The most significant association in block 3 was found
for a common haplotype TGACC, and the haplotype frequency was 0.453 in cases and 0.316
in controls (x2=20.80, p=0.000005; permutation adjusted p=0.0002). In block 4, the most
significant association was found for haplotype CTGT, and the haplotype frequency was
0.337 in cases and 0.229 in controls (x2=15.06, p=0.0001; permutation adjusted p=0.002).
No other haplotypes were associated with depression after adjusting for multiple testing in
the permutation tests.
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Genetic Association Analysis of Response to Antidepressants

In the present study, there were 200 MDD patients who received at least one dose of
antidepressant treatment (ITT sample of 103 received desipramine and 97 received
fluoxetine) and 142 MDD patients who completed 8-week antidepressant treatment
(completed-treatment sample of 68 with desipramine and 74 with fluoxetine). For the
discrete outcome (remission vs non-remission), no detected polymorphisms were found to
be significantly associated with the remission status in allelic and genotype-based analyses
using ITT or completed-treatment samples. For the quantitative outcome (relative reduction
in HAM-D21 score), one newly reported 5 UTR SNP, rs61888800, was found to be
associated with the better response to antidepressant treatment (p=0.02) after adjusting for
age, gender, medication and baseline HAM-D21 score in the combined sample of patients
treated with desipramine or fluoxetine in completed-treatment sample analysis. Patients who
had GG genotype showed a larger average reduction of HAM-D21 score of 66.3% (95ClI:
62.0-70.7%) compared to those who had non-GG genotype and had an average relative
reduction of HAM-D21 score of 56.5% (95CI: 48.6—64.57%). For the medication-specific
analyses, eight BDNF polymorphisms were found to be associated with the HAM-D score
reduction among the patients treated with desipramine in both ITT and completed-treatment
analyses with a p < 0.05 after controlling for age, gender and baseline HAM-D score (Table
4), but no remained significant after adjusting for multiple testing. Among the 8 SNPs
associated with response to desipramine treatment, all showed 14% larger reduction of
HAM-D score in the patients homozygous for major allele except rs12273539, which
showed 14% smaller reduction in patients homozygous for major allele in completed-
treatment analysis and showed similar pattern but with a smaller reduction in ITT analysis.
No associated polymorphism remained significant after adjusting for multiple testing
through permutation and no detected SNPs were found significantly associated with the
reduction of HAM-D scores in fluoxetine-treated group.

COMMENTS

We surveyed BDNF sequence variation by studying a 72kb genomic DNA region, which
contained the entire BDNF coding and 5 kb of flanking sequences by direct sequencing. Our
results provide a detailed description of BDNF sequence variations in Mexican Americans.
Among the 130 SNPs that we detected in this study, 83 are novel and only 47 have been
reported in NCBI dbSNP database, which has collected 254 BNDF SNPs to date(http://
www.ncbi.nlm.nih.gov/projects/SNP). Most of these new polymorphisms (89%) are rare
variants with a minor allele below 1% (Supplementary Table 2). This is not surprising
because our study was conducted in large sample of 537 subjects of a specific ethnic group
that has not been investigated extensively. The nucleotide diversity in that genomic region is
0.00024. Unexpectedly, we observed 6-fold more genetic diversity in coding regions
(0.00101) compared to the intronic region (0.00014) although this estimate is very close to
that (0.000238) observed in 6.8 kb BDNF non-coding region®8. Some studies revealed that
nucleotide diversity varies across both genes and functional classes, and gene-to-gene
differences in SNP diversity are the most important factors that contribute to the variation.
To date, 254 BDNF SNPs (after excluding duplicates) have been reported in NCBI dbSNP
database, including 7 in CDS (coding domain sequence) of 792 bp, 224 in intron of 60721
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bp and 23 in UTR of 5362 bp. This also yields a higher frequency in coding regions (1 SNP
per 113 bp) compared to intronic region (1 SNP per 271 bp). In addition, the sample size and
population may also contribute to this frequency difference. Pairwise Fst values revealed a
substantial population differentiation in 18 dbSNPs using frequency data available from the
NCBI database of 3 ethnic groups (CEU, YRI, CHB+JPT). For example, a high divergence
of allele frequency was noted for non-synonymous SNP rs6265 across ethnic populations;
minor allele (A allele) frequencies of 0.12, 0.18, 0.00 and 0.48 were found in Mexican
American, Caucasian, African, and Asian, respectively. Our findings suggest that the genetic
variation in the BDNF gene across different populations may be large and this heterogeneity
may contribute to explain controversial findings in association of BNDF with depression
from different populations.

It is noteworthy that rare variants in relevant genes in neurodevelopmental pathways have
been associated with schizophrenia®®, further supporting the rare variant/common disease
model. The discovery of 83 mostly rare variants in BDNF, a gene that is found to be relevant
to several psychiatric disorders, may therefore be of widespread interest.

We report here that 5 SNPs in the BDNF gene were significantly associated with depression,
in addition to the non-synonymous SNP rs6265 which we reported previously36. Among the
6 SNPs, rs12273539, an intronic variant located 3.4 kb away from rs6265 and near
alternative 5’exon VII1h (Figure 1), showed the most significant association with depression
and remained significant after adjustment for multiple testing. Unlike rs6265, rs12273539
showed much less similarity in allele frequency between Mexican Americans and
Caucasians with a large Fst value of 0.20. Haplotype analyses revealed a strong LD (D
’=1.00) between rs6265 and rs12273539 but they mapped to two LD blocks (blocks 3 and 4
in Figure 1). Two common haplotypes: TGACC that includes BDNF Val66 allele (G) in
exon I1X in block 3 and CTGT in block 4 near exon VIlIh, were found significantly
associated with the increased risk for depression after correcting for multiple testing.

We also found that 8 SNPs were associated with drug response to desipramine treatment in
both ITT and completed-treatment samples although the association did not remained
significant after adjustment for multiple testing. Among the 8 SNPs, there were one 3’ UTR
SNP (rs7124442) in block 1, two newly reported SNPs (5" UTR SNP rs61888800 in exon
Vh and intronic SNP56133711) in block 6, three SNPs (rs2030324 in intron; rs12273363
and rs7931247 in upstream region) in block 7, and one in each of block 3 (rs11030102) and
block 4 (rs12273539) (Figure 1). Interestingly, SNP rs12273539, which showed the most
significant association with depression status, was also associated with the drug response to
desipramine treatment (f=-14.16%, p=0.024) in 8-week completers.

There are several implications to our findings. Firstly, they support the concept that BNDF
genetic variants may differ in frequency and/or effect among different ethnic groups. For
instance, our data support that in the variant rs6265 (Val66Met), the Val (G allele) carriers
are at increased risk for depression, which is consistent with the data of several Caucasian
studies 60-62, However, several studies in Asians have reported no association between
depression and Val66Met63-65 or the association of the Met (A allele) variant with
susceptibility to depression® 67 Our population differentiation analysis also revealed that
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Mexican-Americans and Caucasians have a comparable Val66Met allele frequency
(Fst=0.01), but they have substantial allele difference when compared to Asians (Fst=0.31).
The observed results across ethnic groups may suggest heterogeneity in the BDNF allele
frequencies and genetic polymorphisms among populations. Secondly, they suggest that
other BDNF genetic variants besides Val66Met may contribute to susceptibility to
depression. In this survey, we found 6 BDNF polymorphisms that were associated with
depression risk. The strongest association was found to an intronic variant rs12273539. We
also identified two haplotypes in different haplotype blocks, one containing rs6265 and the
other containing rs12273539, that are significantly associated with depression after multiple
testing adjustment (p < 0.002). Thirdly, they suggest that the association of BDNF genetic
variants with drug response to antidepressant treatment may be medication-specific and do
not support a major role of VVal66Met variant in antidepressant action. Among the 6
polymorphisms associated with depression in this study, only SNP rs12273539 was found to
be associated with HAM-D21 score reduction in desipramine treatment in our sample.
However, 7 other SNPs were found to be associated with desipramine treatment by showing
>14% more average reduction in patients who are homozygous for major allele.

Three studies have recently assessed the association between Val66Met polymorphism and
antidepressant response in MDD patients, but only one reported that Met carriers had a
better response to 8-week citalopram treatment53, Gratacos et al reported a SNP rs908867
and a haplotype (TAT at rs12273363, rs908867 and rs1491850) in 5’ upstream region
associated with antidepressant response®8. Interestingly, in this region, we found 3 SNPs
(rs2030324, rs12273363, and rs7931247 in block 7) associated with desipramine treatment
although the association of rs908867 with response to antidepressant treatment was not
significant in our study. The differential findings could be due to a number of factors such as
medication type, outcome assessment, sample size, population substructure, and very
importantly, the complexity and rich diversity in the regulation of BDNF multiple
transcripts, in the coding and noncoding sequences,, and in the proBDNF and mature BDNF
translation product sequences - 69,

Limitations of this study are related to the sample size is relative small, particularly for
analyses of antidepressant treatment response. Although power analyses showed that at a
single two-sided significance of 0.05 and allele frequency = 0.15, a sample size of 200
patients can achieve 89% power to detect a moderate effect size of 0.5 that is close to what
we observed in desipramine group, the power should be much lower if the genetic effect is
medication-specific as our results suggest. Given the small sample size and that the lack of
replication sample, the association with antidepressant treatment response should be
interpreted with much caution and considered exploratory.

In conclusion, we have identified 83 novel BDNF genetic variants. Our data support the
implication of BDNF in the susceptibility to major depressive disorder and in the therapeutic
response to antidepressants. To our knowledge, this work is the most comprehensive genetic
association study to date to have examined the association between BDNF sequence
variation with both depression and antidepressant response. Given that a number of
alternative BDNF tanscripts have been found to display complex splicing and expression
patterns and the findings in different studies remain inconsistent, further comprehensive
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studies in larger independent samples are clearly warranted for conclusive results. Moreover,
we suggest that deep sequencing of relevant genes in large numbers of patients can reveal
substantial numbers of novel variants that may be useful targets for association studies.
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Figure 1. Linkage disequilibrium (LD) pattern in BDNF
Standard color scheme in Haploview program is used to display the level of logarithm of

odds (LOD) and the D’ (right inserted key). Estimated statistics of the D’ are shown in each
box. They indicate the LD relationship between each pair of SNPs and they are not labeled if
D’=1.00. The BDNF gene structure is illustrated by a long horizontal white bar with vertical
lines indicating the relative positions of SNPs and black box representing alternative exons
named by Pruunsild et al”. SNPs associated with depression are marked in orange (UTR),
red (coding) and blue (intronic) circles. Left inset shows haplotype frequencies in cases and
controls and the p values for the association analysis between haplotype and diagnosis of
depression in blocks 3 and 4.
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