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Abstract

Background: Brain-derived neurotrophic factor is implicated in the pathophysiology of major depressive disorder and suicide.
Both are partly caused by early life adversity, which reduces brain-derived neurotrophic factor protein levels. This study
examines the association of brain-derived neurotrophic factor Val66Met polymorphism and brain brain-derived neurotrophic
factor levels with depression and suicide. We hypothesized that both major depressive disorder and early life adversity would
be associated with the Met allele and lower brain brain-derived neurotrophic factor levels. Such an association would be
consistent with low brain-derived neurotrophic factor mediating the effect of early life adversity on adulthood suicide and
major depressive disorder.

Methods: Brain-derived neurotrophic factor Val66Met polymorphism was genotyped in postmortem brains of 37 suicide
decedents and 53 nonsuicides. Additionally, brain-derived neurotrophic factor protein levels were determined by Western
blot in dorsolateral prefrontal cortex (Brodmann area 9), anterior cingulate cortex (Brodmann area 24), caudal brainstem, and
rostral brainstem. The relationships between these measures and major depressive disorder, death by suicide, and reported
early life adversity were examined.

Results: Subjects with the Met allele had an increased risk for depression. Depressed patients also have lower brain-derived
neurotrophic factor levels in anterior cingulate cortex and caudal brainstem compared with nondepressed subjects. No effect
of history of suicide death or early life adversity was observed with genotype, but lower brain-derived neurotrophic factor
levels in the anterior cingulate cortex were found in subjects who had been exposed to early life adversity and/or died by
suicide compared with nonsuicide decedents and no reported early life adversity.

Conclusions: This study provides further evidence implicating low brain brain-derived neurotrophic factor and the brain-
derived neurotrophic factor Met allele in major depression risk. Future studies should seek to determine how altered brain-
derived neurotrophic factor expression contributes to depression and suicide.
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Significance Statement

This is the first study to examine the relationship between both brain-derived neurotrophic factor (BDNF) Val66Met poly-
morphism and brain BDNF protein level and major depression, death by suicide, and reported childhood adversity. The Met allele
(a minor variant of the BDNF gene) is associated with an increased risk for depression. Depressed patients also had lower BDNF
levels in 2 brain regions, namely the anterior cingulate cortex (ACC) and caudal brainstem (pons), compared with nondepressed
subjects. Additionally, lower BDNF levels in ACC were found in subjects who had been exposed to early life adversity and/or died
by suicide compared with nonsuicide decedents and no reported childhood adversity. This study may aid in identifying the pos-
sible mechanism by which altered BDNF expression contributes to MDD and suicide.

)

Introduction

Suicide accounted for almost 1 million deaths worldwide in 2015
(WHO, 2016). Major depressive disorder (MDD) is the most preva-
lent psychiatric disorder in suicide decedents (Cavanagh et al.,,
2003). The stress diathesis model of suicidal behavior (Mann
et al.,, 1999; Mann, 2003; van Heeringen and Mann, 2014) posits
that the risk for suicide is determined, not only by the underly-
ing psychiatric illness (stressor), but also by a trait-like diath-
esis. Identifying possible biological causes for this diathesis may
aid in the development of prediction, prevention, and treatment
strategies for suicide risk.

Some studies have reported thinner prefrontal and anterior
cingulate cortex (ACC) in depressed suicide attempters (Wagner
et al., 2011, 2012), lower density of neurons in dorsal and ven-
tral prefrontal cortex (Underwood et al., 2012), and fewer mature
granule cells in the dentate gyrus of depressed suicides (Boldrini
et al., 2013), raising the possibility of a deficit in brain neuro-
trophic pathways. Brain-derived neurotrophic factor (BDNF) is
one of the neurotrophins (Huang and Reichardt, 2001) that regu-
lates neuron survival, plasticity (Morse et al., 1993; McAllister,
2001; Poo, 2001; Berton et al., 2006; Tsankova et al., 2006), and
synaptic function (Lessmann et al., 2003). BDNF plays an inte-
gral role in differentiation during development (Alcantara et al.,
2006; Engelhardt et al., 2007), is regulated by stress (Roceri et al.,
2004), and is associated with the pathophysiology of mental dis-
orders, particularly major depression (Russo-Neustadt, 2003).
Thus, BDNF is a candidate molecule for contributing to the
adverse brain effects of exposure to early life stress that may
mediate the effects on adulthood risk of major depression and
suicide.

A functional polymorphism (rs6265) in the BDNF gene
results in a valine-to-methionine substitution at codon residue
66 (Vale6Met; Schumacher et al., 2005; Post, 2007; Rybakowski,
2008). The Met allele is associated with less BDNF activity (Egan
et al, 2003) and lower serum levels (Ozan et al., 2010) and
appears to be associated with major depression (Hwang et al.,
2006), memory impairments (Egan et al.,, 2003; Hariri et al.,,
2003), reduced hippocampal activity (Chen et al., 2004), and
anxiety-related behaviors in animal models (Chen et al., 2006),
although not all studies agree (Sen et al., 2003; Cohen et al., 2004;
Schumacher et al., 2005; Strauss et al., 2005; Surtees et al., 2007;
Chen et al., 2008). Furthermore, Met allele increases the risk for
suicidal behavior (Iga et al., 2007; Schenkel et al., 2010), particu-
larly in depressed patients (Sarchiapone et al., 2008) and those
exposed to early life stress (Pregelj et al., 2011).

Low plasma BDNF levels are reported in major depression
(Karege et al., 2002; Sen et al., 2008; de Azevedo Cardoso et al,,
2014) and suicidal behavior (Kim et al., 2007). Postmortem stud-
ies indicate low BDNF protein levels in amygdala (Guilloux et al.,
2012) and decreased BDNF signaling in ACC (Tripp et al., 2012)
of depressed patients. Low BDNF protein was also reported in
hippocampus (Dwivedi et al., 2003; Karege et al., 2005; Banerjee

et al., 2013) and prefrontal cortex (Dwivedi et al., 2003; Karege
et al., 2005) of suicide decedents. Antidepressants increase BDNF
blood levels in depressed patients (Chen et al., 2001; Gervasoni
et al.,, 2005; Gonul et al., 2005) and animal models of depression
(Nibuya et al., 1995; Russo-Neustadt et al., 1999). Moreover, in
animal depression models, injection of BDNF into the hippocam-
pus (Shirayama et al., 2002) and midbrain (Siuciak et al., 1997Db)
produces an antidepressant-like effect (e.g., decreased escape
failure in the learned helplessness paradigm and decreased
immobility in the forced swim test).

Exposure to stress decreases brain BDNF levels in rodents
(Smith et al., 1995; Nibuya et al., 1999; Roceri et al., 2004). Stress,
particularly in early life, can downregulate BDNF in depressed
(Grassi-Oliveira et al.,, 2008) and suicidal patients (Dwivedi,
2010). Some, but not all (Perroud et al., 2008) studies show that
exposure to early life stress in BDNF Met carriers predicts future
depression (Aguilera et al., 2009; Gatt et al., 2009) and suicide
(Pregelj et al., 2011).

In the current study, we sought to identify the inter-rela-
tionship of BDNF in suicide, major depression, and reported
childhood adversity by examining the BDNF polymorphism and
BDNF protein levels in prefrontal cortex (PFC; Brodmann Area 9),
ACC (Brodmann area 24), and brainstem postmortem in cases of
major depression, suicide decedents, and nonsuicide, nonpsy-
chiatric sudden death comparison groups. We hypothesized
that major depression would be associated with the Met allele
and lower brain BDNF levels, and this association would be
more pronounced in suicide and/or MDD. We also hypothesized
that reported childhood adversity would also correlate with low
BDNF protein level in depressed suicide decedents, consistent
with a model that posits low BDNF expression at least partly
mediates the effect of early life adversity on adult risk of major
depression and suicide.

Methods

Subjects

Brain samples from 37 suicide decedents and 53 nonsuicide
comparison subjects were studied, and clinical and demo-
graphic details are in Table 1. Procedures for collection and use
of brain tissue were approved by the applicable Institutional
Review Boards.

All suicide and nonsuicide subjects died suddenly, with-
out a prolonged agonal period that might have an impact on
the biological measures. Postmortem interval (PMI; time from
death to freezing of brain samples) was limited to 24 hours.
Brain samples were coded and assayed by laboratory personnel
blind to the cause of death. The brainstem was dissected from
the forebrain, which was bisected and cut into 2-cm slabs with
the tissue blocks frozen for later sectioning. The brainstem was
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Table 1. Demographic and Clinical Characteristics of non-MDD and MDD Subjects

Non-MDD (n =45) MDD (n=45)
Analysis

Variable Mean SD Mean SD pe
Age (y) 40.4 17.7 47.1 17.8 077
Alcohol level (%) 0.0143 0.0545 0.0079 0.0269 .520
pH of brain tissue 6.5 0.3 6.5 0.3 .638
Total aggression score 13.1 5.4 13.7 4.3 .576
PMI 15.2 4.8 16.3 6.7 413
RIN 6.5 0.6 6 1 .280

N % N %
Sex
Female 6 13.3 10 22.2 409
Male 39 86.7 35 77.8
Race
White 35 77.8 37 84.1 792
Black 5 11.1 9.1
Hispanic 5 11.1 3 6.8
Tobacco smoking
Yes 18 439 19 57.6 .350
No 23 56.1 14 42.4
Death by suicide
Yes 5 11.1 32 711 <.001
No 40 88.9 13 28.9
Early life adversity
Yes 15 333 17 39.5 .658
No 30 66.7 26 60.5
History of personality disorder
Yes 5 11.1 8 18.6 .378
No 40 88.9 35 81.4

Abbreviations: MDD, major depressive disorder; PMI, postmortem interval; RIN,RNA integrity number.
‘Independent sample t test (df=81, df=88 for age) for continuous variables; chi-square analysis (df=1) for categorical variables.

cut in a cryostat in the horizontal plane into 20-pym-thick sec-
tions. Sections were selected that contained rostral and caudal
levels of the dorsal raphe nucleus, the brain region containing
serotonergic neurons that innervate the forebrain. The dor-
sal raphe nucleus was selected as a region of interest for the
actions of BDNF because of the role of serotonin and serotonin-
synthesizing neurons in mood disorders and suicide, and the
reported relationship between BDNF and serotonergic neu-
rons (Martinowich and Lu, 2008). The rostral and caudal levels
are referred to as rostral and caudal brainstem, respectively.
The caudal brainstem level corresponded to caudal pons and
contained both dorsal and median raphe nuclei. Toxicological
screening of body fluids (blood, bile, aqueous humor, and urine)
as well as brain tissue was performed for cocaine, opiates, alco-
hol, cannabinoids, and other acidic and basic drugs, and major
psychotropic drugs.

Psychological autopsies were completed and psychiatric
diagnoses made using our validated method as previously
described (Kelly and Mann, 1996). In brief, after giving writ-
ten informed consent, at least one next of kin of subjects was
interviewed. The Structured Clinical Interview for DSM-IV Axis
I (SCID-I) (First et al., 1995), SCID-II (First et al., 1997), Brown-
Goodwin Lifetime History of Aggression Scale (Brown et al.,
1979), and Columbia Suicide History Form (Oquendo et al., 2003)
were administered to the informant by a psychologist with at
least a master’s level degree. The Brown-Goodwin Lifetime
History of Aggression Scale score was calculated, excluding the
item regarding self-inflicted injury. Research diagnoses were
based on DSM-IV criteria. The sample was divided clinically
into subjects with a history of DSM-IV MDD (n=45) and those

without such history (non-MDD) (n=45). History of early life
adversity in terms of physical or sexual abuse or neglect before
the age of 15 years was also obtained during the psychological
autopsy interview using a checklist.

Exclusion criteria included: (1) cases of undetermined man-
ner of death, (2) gross neuropathology, (3) positive toxicology
screens for psychoactive and neurotoxic drugs (including anti-
depressants and alcohol), (4) alcohol use disorder, and (5) history
of bipolar disorder or psychosis.

Genotyping

DNA was extracted from frozen brain tissue. The BDNF
Val66Met polymorphism (GenBank dbSNP: rs6265) was typed
by PCR protocol as published previously (Sublette et al,
2008). Briefly, the oligonucleotide primers, sense MannBF-1F
(5’-ATCCCGGTGAAAGAAAGCCCTAAC-3) and antisense
MannBF-1R (5-CCCCTGCAGCCTTCTTTTGTGTAA-3'), were used
to amplify a PCR fragment of 673 bp length. PCR was carried out
in a 20-pL volume, containing 100 ng DNA, 40 ng of each primer
with HotStartTaq Plus Master Mix kit (Qiagen). Samples were
processed in a BioRad T100 Thermal Cycler (BioRad). DNA sam-
ples were denatured first at 95°C for 6 min. Thirty temperature
cycles, consisting of 30 s at 95°C, 40 s at 60°C, and 40 s at 72°C,
were followed by a final extension step of 72°C for 4 min. The
PCR fragments were digested with BsaA I restriction enzyme (NE
Biolab), which produces 3 fragments of 275, 321, and 77 bp when
guanine is present at nucleotide 1249, and 2 fragments of 321



and 352 bp if cytosine is present at this position. The digested
PCR products were separated on a 1.2% agarose gel.

Western Blotting of BDNF

Frozen brain samples from Brodmann Area (BA) 9 of 85 subjects,
BA24 of 51 subjects, caudal brainstem of 33 subjects, and ros-
tral brainstem of 25 subjects were homogenized in cell lysis
buffer (Cell Signaling) plus 2% phosphatase inhibitor cocktail 2,
2% phosphatase inhibitor cocktail 3, and 2% Protease Inhibitor
cocktail (Sigma). The homogenate was centrifuged for 10 min
at 15000 x g at 4°C, and the supernatant was transferred into
Eppendorf tubes and stored at -80°C. Protein concentration was
determined using Beckman DU530 spectrophotometer. Laemmli
buffer with f-mercaptoethanol was added in Eppendorf tubes.
After adding protein samples, water was added up to 20 pL to
each tube. The samples were denatured for 5 min at 95°C and
then centrifuged for 5 s. Protein samples (25 pg) were loaded
onto 12% Mini-PROTEAN TGX gel. The gel was run with 10x Tris-
glycine with SDS for 20 min at 40 V and increased to 100 V for
1 h and transferred in an enhanced chemiluminescence (ECL)
nitrocellulose membrane (Amersham) for 1 h and 15 min at 90
volts with a transfer buffer (1x tris-glycine with 20% methanol)
at 4°C. The membranes were washed with TBST buffer (10 mm
Tris-base, 0.15 m NaCl, and 0.1% Tween-20) for 10 min. The blots
were blocked by incubating with 5% nonfat milk in TBST for 1 h.
Then the blots were incubated overnight at 4°C with primary
polyclonal anti-BDNF antibody (Alomone Labs) at a dilution of
1:50000. The membranes were washed with TBST and incubated
with horseradish-peroxidase secondary antibody (anti-rabbit
immunoglobulin G; 1:5000] in 5% nonfat milk for 3 h at 4°C. The
membranes were extensively washed with TBST and exposed
to enhanced chemiluminescence autoradiography film. The
same nitrocellulose membrane was stripped and reprobed with
GAPDH antibody (Cell Signaling).

Statistical Analysis

The genotype frequency distributions of the SNPs were tested
for Hardy-Weinberg equilibrium in the non-MDD, nonsuicide
controls.

Data were statistically evaluated using IBM SPSS Statistics
(SPSS Inc., Version 23.0). Comparison of demographic, clinical,
and postmortem characteristics between the depressed and
nondepressed subjects was performed using 2-tailed t tests
for continuous variables and chi-square analyses for categor-
ical variables. The differences in allele and genotype frequency
distributions between the non-MDD vs MDD, nonsuicides vs
suicides, as well as subjects with no history of early life adver-
sity vs those with such history were calculated using Pearson’s
chi-square tests (df=1 and df=2, respectively). The difference in
life time history of aggression among the 3 genotype groups was
assessed using 1-way ANOVA.

For BDNF protein analyses, we first explored the effects of
age, sex, RNA integrity number (RIN), PMI, and brain pH on the
levels of BDNF protein using Pearson’s correlation analyses. No
effect of these variables was detected on BDNF protein levels in
the 4 brain regions studied; therefore, they were not added as
covariates in further analyses. A 2-tailed t test was used to com-
pare BDNF protein levels between subjects with GG genotypes
vs carriers of A allele (AA and AG), and non-MDD vs MDD in the
4 brain regions. We found an effect of depression diagnosis on
BDNF protein levels, so we controlled for depression status in
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subsequent analyses (suicide vs nonsuicide, history of early
life adversity vs no early life adversity) using an ANCOVA using
MDD diagnosis as a covariate. We also examined the effect of
ELA on BDNF protein levels among the depressed subjects using
ANOVA to compare the BDNF protein levels among the 4 groups
(nondepressed non-ELA, nondepressed ELA, depressed non-ELA,
and depressed ELA) that was followed by posthoc Tukey’s test
whenever there was significant result in the initial model.

Additionally, we further classified the sample into 4 groups
based on the manner of death (suicide or not) and history of
exposure to early life adversity (nonsuicide, no adversity vs
nonsuicide, adversity vs suicide, no adversity vs suicide, ad-
versity) and examined the differences of BDNF protein levels
among these 4 groups while controling for depression status
using ANCOVA in each region separately. We also repeated the
main analysis comparing the MDD group with nonpsychiatric
controls. Correction for multiple comparisons was made using
the Bonferroni method.

Results

Demographics and Clinical Characteristics

Demographic and clinical characteristics of the study sample
(n=90) are shown in Table 1. The MDD and non-MDD groups did
not differ in terms of age, sex, or race. The MDD group were more
likely to die by suicide than the non-MDD group (y?=33.46, df=1,
P<.001). There were also no group differences in blood alcohol
level, brain tissue pH, PMI, and RIN. There were also no group
differences in lifetime history of aggression score, reported early
life adversity, or comorbid personality disorders.

BDNF Val66Met Polymorphism Allele and Genotype
Frequencies

Genotype frequencies in the non-MDD, nonsuicide control
group were in Hardy-Weinberg equilibrium (y?=0.1117). BDNF
Val66Met genotype distribution differed between MDD and non-
MDD groups (x?=7.91, df=2,P=.019), and posthoc testing showed
that this was due to an association of Met allele (A) with the
MDD group (y*=6.54, df=1, P=.011) (see Table 2). The BDNF poly-
morphism did not differ between suicide and nonsuicide dece-
dents (x?=2.8, df=2, P=.24; Table 2). Reported early life adversity
was not associated with genotype (y2=0.96, df=2, P=.62; Table 2).
Subclassifying the carriers of Met allele into 2 groups according
to reported exposure to early life adversity revealed no associ-
ation with major depression (x>=0.09, df=1, P=.77; Table 3). The
lifetime history of aggression score was not different between
the three genotypes (F=1.42, df=2,79, P=.25).

BDNF Protein

No statistically significant effects of age, sex, RIN, PMI, or brain
pH on the levels of BDNF protein were detected (P>.05 all vari-
ables) (see supplement).

Subjects with GG genotype did not differ from carriers
of A allele regarding BDNF levels in dorsolateral PFC (dIPFC)
(ty=-0.32, P=.8), ACC (t,,;,=-0.73, P=.46), rostral brain stem (BSr)
(t,5=0.16, P=.87), or caudal brain stem (BSc) (t,,,=-2.02, P=.052).
Likewise, there was no association between genotype (GG vs
A carrier) and BDNF level in depression, suicide, or reported
childhood adversity; multivariate analysis, mixed model ana-
lysis, and step-wise linear regression analysis all failed to detect
an effect of genotype.
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Table 2. BDNF Val66Met polymorphism allele and genotype frequencies

Genotype n (%) Allele n (%)
156265 n GG AG AA x> P G A 7 P
Non-MDD 45 34 (75.6) 10 (22.2) 1(2.2) 7.91 .019 78 (87) 12 (13) 6.54 011
MDD 45 21 (46.7) 22 (48.9) 2 (4.4) 64 (71) 26 (29)
Non-Suicide 53 36 (67.9) 16 (28.3) 1(1.8) 2.8 24 88 (83) 18 (17) 2.64 1
Suicide 37 19 (51.4) 16 (43.2) 2 (5.4) 54 (73) 20 (27)
No early life adversity 58 37 (63.8) 19 (32.8) 2(3.4) 0.96 .62 93 (80) 23 (20) 0.32 .57
Early life adversity 32 18 (56.3) 13 (40.6) 1(3.1) 49 (77) 15 (23)

Abbreviation: MDD, major depressive disorder.

4Chi-square analysis (df=1 for allele frequency comparisons, df=2 for genotype frequency comparisons).

Table 3. Distribution of BDND Met Carriers with and without History
of Early Life Adversity in Relation to MDD

Non-MDD MDD Analysis
Met Carriers (n=11) (n=24) pe
With ELA 4 (36.4%) 10 (41.7%) 77
Without ELA 7 (63.6%) 14 (58.3%)

Abbreviations: ELA, early life adversity; MDD, major depressive disorder.
4Chi-square analysis (df=1).

However, BDNF protein level appeared to be lower in ACC
(t=2.14, P=.04 without Bonferroni correction) and caudal
brainstem (t(31)=2.37, P=.02 without Bonferroni) in the MDD
group compared with non-MDD group. No effect of major
depression diagnosis was found on BDNF protein levels in dIPFC
(tgy=-0.72, P=.47) or rostral brainstem (t,,=0.58, P=.57) (see
Figure 1).

Since there was an indication of a potential effect of MDD in
ACC and caudal brainstem (vide supra), we controlled for MDD
diagnosis in subsequent analyses of the effects of suicide and
early life adversity by using ANCOVA. Classifying the study sub-
jects based on manner of death (suicide or not) and exposure
to early adversity or not (Figure 2), BDNF protein level in ACC in
suicide decedents with adversity history was lower compared
with controls without reported adversity (F, ,, =5.84, P=.006 un-
corrected, P=.048 corrected), but not in the dIPFC (F(g' 78):0.89,
P=45), BSc (F, ,,=0.48, P=63), or BST (F, ,,=1.37, P=.28).

There was no difference in BDNF levels between suicide
decedents and nonsuicide decedents, with MDD diagnosis as a
covariate, in dIPFC (F,, ,, =0.004, P=.95), ACC (F, ,,=0.52, P=.48),
BSc (F,, 4,=0.09, P=.76), or BSr (F, ,,=2.67, P=.12). Likewise,
there was no difference in BDNF levels between subjects with
reported early life adversity compared with those without such
a history in dIPFC (F, ,,=1.99, P=.16), ACC (F,, ,,=0.93, P=.34),
BSc (F, ,,=0.91, P=.35), or BSr (F, ,,,=1.89, P=.18).

Comparing nondepressed non-ELA, nondepressed ELA,
depressed non-ELA, and depressed ELA for BDNF protein lev-
els showed an overall effect of group in the ACC (f,,,=3.421,
P=.025). Posthoc Tukey’s tests revealed that this effect was
mainly derived from the difference between nondepressed non-
ELA and depressed non-ELA groups (P=.033). The nondepressed
non-ELA group showed no difference from the nondepressed
ELA group (P=.255) or the depressed ELA group (P=.974). The
depressed ELA group did not differ from the depressed non-
ELA group (P=.084) or the nondepressed ELA group (P=.481).
The depressed non-ELA showed no difference from the nonde-
pressed ELA (P=.681). Taken together, this suggests no effect of

ELA on BDNF protein level in BA24. Likewise, the same model
revealed no significant differences in the caudal brain stem
(f’(2y28)=2.188, P=.131), rostral brain stem (f( =1.04, P=.370), or
dIPFC (f, ,=3.421, P=.025).

When we performed the analysis comparing the nonpsy-
chiatric (non-MDD nonsuicide) controls (n=40) with the MDD
group, the results were similar. BDNF Val66Met genotype dis-
tribution differed between MDD and nonpsychiatric control
groups (y?=7.1, df=2, P=.029), such that Met allele was associ-
ated with MDD. BDNF protein level was lower in ACC (t,,,=2.14,
P=.04 without Bonferroni correction) and caudal brainstem
(t,=2.37, P=.02 without Bonferroni) in the MDD group com-
pared with nonpsychiatric controls. There was no effect of MDD
diagnosis on BDNF protein levels in dIPFC (t,, =-0.72, P=.47) or
rostral brainstem (t,, =0.58, P=.57).

2,21)

63)

(23

Discussion

The current study provides evidence for a role of BDNF in the
pathophysiology of MDD. We found an association of both BDNF
Met allele and lower brain BDNF protein level in the ACC and
caudal brainstem with MDD, and there were lower BDNF lev-
els in association with a reported history of childhood adversity
and suicide as cause of death. Contrary to our hypothesis, we
did not find BDNF brain levels associated with genotype.

BDNF Polymorphism

Our finding that the Met allele is associated with history of MDD
is consistent with a reported association with geriatric depres-
sion (Hwang et al., 2006) and combined anxiety and depression
diagnoses (Jiang et al., 2005; Taylor et al., 2007). A meta-analysis
of Verhagen et al. (2010) also reported such association with
depression in men only. Chen et al. (2006) found increased anx-
iety-related behaviors in BDNFMe¥Met mice indicating a causal
relationship. The BDNF Met allele is associated with less hip-
pocampal activity (Egan et al., 2003; Hariri et al., 2003; Frey et al.,
2007) and smaller volume (Duman, 2002; Pezawas et al., 2004;
Szeszko et al., 2005; Frodl et al., 2007; Gonul et al., 2011). On the
other hand, many studies did not find such association (Hong
et al.,, 2003; Tsai et al., 2003; Gratacos et al., 2007; Surtees et al.,
2007). The differences in results from these studies may be due
to differences in study design, sample characteristics (e.g., age
groups, ethnicity or race) or because of the clinical and bio-
logical heterogeneity of major depression (Akiskal et al., 1981).
Strauss et al. (2005) found an association of Val allele with child-
hood mood disorders, whereas Hwang et al. (2006) found that
the Met allele is related to geriatric depression. Some studies
conclude that a gene-gene or gene-environment interaction is
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Figure 1. Bar chart of mean + SD of brain-derived neurotrophic factor (BDNF) protein levels in Brodmann area (BA)9 (n=85), BA24 (n=51), BSc (n=33), and BSr (n=25)
in non-major depressive disorder (MDD) and MDD groups. BDNF protein levels were lower in BA24 and caudal brain stem (BSc) of depressed patients compared to
nondepressed subjects. No group differences were found in the BA9 or in rostral brain stem (BSr). *P<.05.
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Figure 2. Bar chart of mean + SD of brain-derived neurotrophic factor (BDNF) protein levels in Brodmann area (BA)9 (n=85), BA24 (n=51), caudal brain stem (BSc) (n=33),
and rostral brain stem (BSr) (n=25) in various groups. BDNF protein levels in anterior cingulate corte (ACC) (BA24) in the group without history of suicide and adversity
was higher than other groups. No group difference was found in the BA9, BSc, or BSr. *P<.05.

required for this BDNF polymorphism to contribute to major
depression (Kaufman et al., 2006; Wichers et al., 2008; Belsky
et al., 2009). We found association of both Met allele and BDNF
protein levels in some brain regions with MDD; however, geno-
type appears to be unrelated to BDNF protein. We did not find
a relationship between reported childhood adversity and geno-
type. The genotype antedates the childhood adversity and so
genotype may theoretically predispose to ELA or affect the con-
sequences of ELA. The absence of an association is the evidence

we have that the polymorphism does not produce a phenotype
that increases the risk for ELA. An interaction effect would
mean the genotype affects the impact of ELA on the biological
or behavioral phenotype.

We did not find an association between the val66met BDNF
polymorphism and death by suicide, consistent with previous
studies on suicide decedents (Zarrilli et al., 2009; Pregelj et al.,
2011; Ratta-Apha et al., 2013). The Met allele is reportedly associ-
ated with nonfatal suicide attempts (Sarchiapone et al., 2008).
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This may add further evidence to the hypothesis that fatal and
nonfatal suicide attempts are only partially overlapping phe-
nomena with different underlying genomic components (Mann
et al., 2009).

BDNF Level in Brain

The MDD group had lower BDNF protein level in ACC and caudal
brainstem, but not in dIPFC or rostral brainstem, compared
with the non-MDD control group and this was not mediated by
exposure to reported ELA. Our findings in ACC are consistent
with Tripp et al. (2012), who found that BDNF receptor signal-
ing and BDNF-dependent gene expression are lower in ACC of
depressed compared with nondepressed subjects. That same
study reported no differences in BDNF mRNA levels, which
suggests that differences in BDNF protein levels may be due
to defective translation of BDNF, but not to gene transcription.
Therefore, the functional effect of BDNF genotype appears
linked to BDNF protein (Egan et al., 2003; Chen et al., 2004) and
not mRNA levels.

The ACC is implicated in the pathophysiology of mood dis-
orders (Drevets et al., 2008). Functional neuroimaging studies
show that the ACC, particularly its rostral/subgenual part, has
a role in emotion regulation (Vogt et al., 1992; Davidson et al,,
2002). Volume reduction in this area is a consistent finding in
mood disorders (Drevets et al., 1997). Low BDNF levels in ACC
may, therefore, contribute to its functional and structural defi-
cits in MDD.

Our finding of low BDNF brainstem levels in depressed
subjects is consistent with Kozicz et al. (2008) who reported
low BDNF expression in midbrain of male depressed patients.
BDNF is a neurotrophic factor for dopaminergic neurons of the
substantia nigra (Hyman and Hofer, 1991) and has a powerful
positive effect on the survival of human and rat mesencephalic
dopaminergic neurons in culture (Zhou et al., 1994). Chronic in-
fusion of BDNF into the rat midbrain increases the turnover of
serotonin and levels of noradrenaline in many forebrain areas,
including the neocortex, basal ganglia, and hippocampus (Altar
etal., 1994; Siuciak et al., 1996), and infusion into periaqueductal
gray and dorsal raphe or into the substantia nigra had antide-
pressant-like effects in several behavioral tasks (Siuciak et al.,
1997a).

We did not find an effect of suicide, by itself as a cause of
death, on BDNF protein levels across the 4 brain regions exam-
ined. However, we did find that suicides, when considered with
respect to exposure to early life adversity, did have lower BDNF
level in ACC, but not in the other brain regions. Some previous
studies found lower BDNF protein levels in the PFC of suicide
decedents (Dwivedi et al., 2003; Karege et al., 2005; Pandey et al.,
2010). However, the findings of these studies may be confounded
by the underlying psychiatric diagnosis or exposure to early life
adversity. Our current study included only subjects with his-
tory of MDD, and we controlled for MDD diagnosis status. The
sample in the Pandey et al. (2010) study was exclusively teenage
suicide decedents with potentially different characteristics, risk
factors, and pathophysiology from adult suicide (Brent et al.,
1993). Our findings indicate that low brain BDNF levels may con-
tribute to the pathophysiology of MDD, which in turn is a major
risk factor for suicide.

The connection between low BDNF, suicide, and early life ad-
versity may come about by a dysregulated stress response system
in which BDNF translation is altered by the chronic effects of
stress resulting from maltreatment in early life, and also with
the acute effects of stress accompanying suicide behavior. Infant

maltreatment results in methylation of BDNF DNA, resulting in
reduced BDNF gene expression in the adult prefrontal cortex
(Roth et al., 2009). Interestingly, BDNF promoter/exon IV, which
plays a critical role in BDNF gene regulation (Dennis and Levitt,
2005), is frequently hypermethylated in the Wernicke area of
the postmortem brain of suicide subjects (Keller et al., 2010).
Additionally, overactive hypothalamic-pituitary-adrenal axis has
been linked to death by suicide (Mann et al., 2006), and abnormal
stress response may result in part from a loss of neuronal plas-
ticity that could be relevant in suicidal behavior (Duman and
Monteggia, 2006). Therefore, in addition to its involvement in de-
pression, BDNF may play an important role in the neurobiology of
suicidal behavior in the context of a psychosocial stress (Deveci
et al,, 2007). However, further investigation in a larger sample is
required to draw definitive conclusions about associations with
suicide independently of a diagnosis of MDD.

Genotype and BDNF Level

We did not find association between the BDNF Val66Met poly-
morphism and brain BDNF protein levels, consistent with the
Lee et al. (2005) study of temporal cortex of Alzheimer’s patients.
Our finding is also consistent with other (Duncan et al., 2009;
Zou et al., 2010; Yoshimura et al., 2011), but not all (Ozan et al.,
2010) studies that examined the effect of BDNF Val66Met poly-
morphism on blood BDNF levels. However, we found association
of Met allele as well as low ACC and brainstem BDNF levels in
MDD. It has been reported that Met allele contributes to the de-
fect in activity-dependent BDNF secretion such that Met carriers
have abnormal intracellular trafficking and packaging of pro-
BDNF, reducing the depolarization-dependent secretion of the
mature peptide (Egan et al., 2003; Chen et al., 2004). This suggests
that the relationship between BDNF Val66Met polymorphism
and brain BDNF levels is complex. This polymorphism may be
in linkage disequilibrium with another unidentified functional
polymorphism. This explanation is supported by Bhang et al.
(2011) who reported that healthy volunteers who were homozy-
gous for S at 5-HTTLPR and the Met allele of the BDNF Val66Met
polymorphism displayed significantly lower serum BDNF lev-
els. Future studies should examine the effect of combination of
functional polymorphisms on brain BDNF levels.

Limitations

Despite the evidence found in our study for the association of
BDNF with MDD, there is uncertainty about the mechanism
through which BDNF contributes to depressive pathophysiology.
Alleles at the Val66Met locus may also be in linkage disequilib-
rium with other risk alleles in different genes. Future studies
should consider the associations and interactions of multiple
genes simultaneously to identify their relative contribution to
MDD, suicide, and early childhood adversity experiences.

Supplementary Material

Supplementary data are available at International Journal of
Neuropsychopharmacology online.

Acknowledgments

This work was supported by grants from the National Institute
of Mental Health (NIMH, MH40210 and MH62185); the collection
and psychiatric characterization of some cases was supported
by NIMH MH90964 and MH64168.



Statement of Interest

Dr. Mann receives royalties for the commercial use of the
C-SSRS from the Research Foundation for Mental Hygiene. Other
authors declare no conflicts of interest.

References

Aguilera M, Arias B, Wichers M, Barrantes-Vidal N, Moya J, Villa
H, van Os ], Ibafniez MI, Ruipérez MA, Ortet G, Faflanés L (2009)
Early adversity and 5-HTT/BDNF genes: new evidence of
gene-environment interactions on depressive symptoms in a
general population. Psychol Med 39:1425-1432.

Akiskal HS, King D, Rosenthal TL, Robinson D, Scott-Strauss A
(1981) Chronic depressions. Part 1. Clinical and familial char-
acteristics in 137 probands. ] Affect Disord 3:297-315.

Alcantara S, Pozas E, Ibafiez CF, Soriano E (2006) BDNF-modulated
spatial organization of cajal-retzius and gabaergic neurons in
the marginal zone plays a role in the development of cortical
organization. Cereb Cortex 16:487-499.

Altar CA, Boylan CB, Fritsche M, Jackson C, Hyman C, Lindsay
RM (1994) The neurotrophins NT-4/5 and BDNF augment
serotonin, dopamine, and gabaergic systems during behav-
iorally effective infusions to the substantia nigra. Exp Neurol
130:31-40.

Banerjee R, Ghosh AK, Ghosh B, Bhattacharyya S, Mondal AC
(2013) Decreased mRNA and protein expression of BDNF, NGF,
and their receptors in the hippocampus from suicide: an ana-
lysis in human postmortem brain. Clin Med Insight Pathol
6:1.

Belsky J, Jonassaint C, Pluess M, Stanton M, Brummett B,
Williams R (2009) Vulnerability genes or plasticity genes? Mol
Psychiatry 14:746-754.

Berton O, McClung CA, Dileone RJ, Krishnan V, Renthal W, Russo
SJ, Graham D, Tsankova NM, Bolanos CA, Rios M, Monteggia
LM, Self DW, Nestler EJ (2006) Essential role of BDNF in the
mesolimbic dopamine pathway in social defeat stress.
Science 311:864-868.

Bhang S, Ahn JH, Choi SW (2011) Brain-derived neurotrophic fac-
tor and serotonin transporter gene-linked promoter region
genes alter serum levels of brain-derived neurotrophic factor
in humans. ] Affect Disord 128:299-304.

Boldrini M, Santiago AN, Hen R, Dwork AJ, Rosoklija GB, Tamir H,
Arango V, John Mann ] (2013) Hippocampal granule neuron
number and dentate gyrus volume in antidepressant-treated
and untreated major depression. Neuropsychopharmacology
38:1068-1077.

Brent DA, Perper JA, Moritz G, Allman C, Friend A, Roth C,
Schweers J, Balach L, Baugher M (1993) Psychiatric risk factors
for adolescent suicide: a case-control study. ] Am Acad Child
Adolesc Psychiatry 32:521-529.

Brown GL, Goodwin FK, Ballenger JC, Goyer PF, Major LF (1979)
Aggression in humans correlates with cerebrospinal fluid
amine metabolites. Psychiatry Res 1:131-139.

Cavanagh JT, Carson AJ, Sharpe M, Lawrie SM (2003) Psychological
autopsy studies of suicide: a systematic review. Psychol Med
33:395-405.

Chen B, Dowlatshahi D, MacQueen GM, Wang JF, Young LT (2001)
Increased hippocampal BDNF immunoreactivity in subjects
treated with antidepressant medication. Biol Psychiatry
50:260-265.

Chen L, Lawlor DA, Lewis SJ, Yuan W, Abdollahi MR, Timpson
NJ, Day IN, Ebrahim S, Smith GD, Shugart YY (2008) Genetic

Youssefetal. | 535

association study of BDNF in depression: finding from 2
cohort studies and a meta-analysis. Am ] Med Genet B
Neuropsychiatr Genet 147B:814-821.

Chen ZY, Patel PD, Sant G, Meng CX, Teng KK, Hempstead BL,
Lee FS (2004) Variant brain-derived neurotrophic factor
(BDNF) (met66) alters the intracellular trafficking and activ-
ity-dependent secretion of wild-type BDNF in neurosecretory
cells and cortical neurons. ] Neurosci 24:4401-4411.

Chen ZY, Jing D, Bath KG, Ieraci A, Khan T, Siao CJ, Herrera DG,
Toth M, Yang C, McEwen BS, Hempstead BL, Lee FS (2006)
Genetic variant BDNF (val66met) polymorphism alters anx-
iety-related behavior. Science 314:140-143.

Cohen S, Rosa A, Corsico A, Sterne A, Owen M, Korzsun A,
Craddock N, Craig I, Farmer A, McGuffin P (2004) The brain
derived neurotrophic factor (BDNF) Val66Met polymorphism
and recurrent unipolar depression. In: American journal of
medical genetics part B-Neuropsychiatric genetics, pp37-38.
Hoboken, NJ: Wiley-Liss Div John Wiley & Sons Inc.

Davidson RJ, Pizzagalli D, Nitschke JB, Putnam K (2002)
Depression: perspectives from affective neuroscience. Annu
Rev Psychol 53:545-574.

de Azevedo Cardoso T, Mondin TC, Wiener CD, Marques MB,
Fucolo Bde A, Pinheiro RT, de Souza LD, da Silva RA, Jansen K,
Oses JP (2014) Neurotrophic factors, clinical features and gen-
der differences in depression. Neurochem Res 39:1571-1578.

Dennis KE, Levitt P (2005) Regional expression of brain derived
neurotrophic factor (BDNF) is correlated with dynamic pat-
terns of promoter methylation in the developing mouse fore-
brain. Mol Brain Res 140:1-9.

Deveci A, Aydemir O, Taskin O, Taneli F, Esen-Danaci A (2007)
Serum BDNF levels in suicide attempters related to psy-
chosocial stressors: a comparative study with depression.
Neuropsychobiology 56:93-97.

Drevets WC, Price JL, Simpson JR Jr, Todd RD, Reich T, Vannier M,
Raichle ME (1997) Subgenual prefrontal cortex abnormalities
in mood disorders. Nature 386:824-827.

Drevets WC, Savitz J, Trimble M (2008) The subgenual anterior
cingulate cortex in mood disorders. Cns Spectr 13:663-681.
Duman RS (2002) Pathophysiology of depression: the concept of

synaptic plasticity. Eur Psychiatry 17:306-310.

Duman RS, Monteggia LM (2006) A neurotrophic model for
stress-related mood disorders. Biol Psychiatry 59:1116-1127.

Duncan LE, Hutchison KE, Carey G, Craighead WE (2009)
Variation in brain-derived neurotrophic factor (BDNF) gene
is associated with symptoms of depression. ] Affect Disord
115:215-219.

Dwivedi Y (2010) Brain-derived neurotrophic factor and suicide
pathogenesis. Ann Med 42:87-96.

Dwivedi Y, Rizavi HS, Conley RR, Roberts RC, Tamminga CA,
Pandey GN (2003) Altered gene expression of brain-derived
neurotrophic factor and receptor tyrosine kinase B in post-
mortem brain of suicide subjects. Arch Gen Psychiatry
60:804-815.

Egan MF, Kojima M, Callicott JH, Goldberg TE, Kolachana BS,
Bertolino A, Zaitsev E, Gold B, Goldman D, Dean M, Lu B,
Weinberger DR (2003) The BDNF val66met polymorphism
affects activity-dependent secretion of BDNF and human
memory and hippocampal function. Cell 112:257-269.

Engelhardt M, Di Cristo G, Berardi N, Maffei L, Wahle P (2007)
Differential effects of NT-4, NGF and BDNF on development
of neurochemical architecture and cell size regulation in
rat visual cortex during the critical period. Eur J Neurosci
25:529-540.



536 | International Journal of Neuropsychopharmacology, 2018

First MB, Spitzer RL, Gibbon M, Williams JB (1995) Structured
clinical interview for DSM-IV axis I disorders. New York: New
York State Psychiatric Institute.

First MB, Gibbon M, Spitzer RL, Benjamin LS, Williams JB (1997)
Structured clinical interview for DSM-IV axis II personality
disorders: SCID-II. Washington, DC: American Psychiatric
Press.

Frey BN, Walss-Bass C, Stanley JA, Nery FG, Matsuo K, Nicoletti
MA, Hatch JP, Bowden CL, Escamilla MA, Soares JC (2007)
Brain-derived neurotrophic factor valéémet polymorphism
affects prefrontal energy metabolism in bipolar disorder.
Neuroreport 18:1567-1570.

Frodl T, Schiile C, Schmitt G, Born C, Baghai T, Zill P, Bottlender
R, Rupprecht R, Bondy B, Reiser M, Moller HJ, Meisenzahl EM
(2007) Association of the brain-derived neurotrophic factor
val6émet polymorphism with reduced hippocampal volumes
in major depression. Arch Gen Psychiatry 64:410-416.

Gatt JM, Nemeroff CB, Dobson-Stone C, Paul RH, Bryant RA,
Schofield PR, Gordon E, Kemp AH, Williams LM (2009)
Interactions between BDNF val66met polymorphism and
early life stress predict brain and arousal pathways to syn-
dromal depression and anxiety. Mol Psychiatry 14:681-695.

Gervasoni N, Aubry JM, Bondolfi G, Osiek C, Schwald M, Bertschy
G, Karege F (2005) Partial normalization of serum brain-
derived neurotrophic factor in remitted patients after a
major depressive episode. Neuropsychobiology 51:234-238.

Gonul AS, Akdeniz F, Taneli F, Donat O, Eker C, Vahip S (2005)
Effect of treatment on serum brain-derived neurotrophic
factor levels in depressed patients. Eur Arch Psychiatry Clin
Neurosci 255:381-386.

Gonul AS, Kitis O, Eker MC, Eker OD, Ozan E, Coburn K (2011)
Association of the brain-derived neurotrophic factor val-
66met polymorphism with hippocampus volumes in drug-
free depressed patients. World J Biol Psychiatry 12:110-118.

Grassi-Oliveira R, Stein LM, Lopes RP, Teixeira AL, Bauer ME
(2008) Low plasma brain-derived neurotrophic factor and
childhood physical neglect are associated with verbal mem-
ory impairment in major depression-a preliminary report.
Biol Psychiatry 64:281-285.

Gratacos M, Gonzdlez JR, Mercader JM, de Cid R, Urretavizcaya M,
Estivill X (2007) Brain-derived neurotrophic factor val66met
and psychiatric disorders: meta-analysis of case-control stud-
ies confirm association to substance-related disorders, eating
disorders, and schizophrenia. Biol Psychiatry 61:911-922.

Guilloux JP, Douillard-Guilloux G, Kota R, Wang X, Gardier AM,
Martinowich K, Tseng GC, Lewis DA, Sibille E (2012) Molecular
evidence for BDNF- and GABA-related dysfunctions in the
amygdala of female subjects with major depression. Mol
Psychiatry 17:1130-1142.

Hariri AR, Goldberg TE, Mattay VS, Kolachana BS, Callicott JH,
Egan MF, Weinberger DR (2003) Brain-derived neurotrophic
factor val6ébmet polymorphism affects human memory-
related hippocampal activity and predicts memory perform-
ance. ] Neurosci 23:6690-6694.

Hong CJ, Huo §J, Yen FC, Tung CL, Pan GM, Tsai SJ (2003)
Association study of a brain-derived neurotrophic-factor
genetic polymorphism and mood disorders, age of onset and
suicidal behavior. Neuropsychobiology 48:186-189.

Huang EJ, Reichardt LF (2001) Neurotrophins: roles in neuronal
development and function. Annu Rev Neurosci 24:677-736.
Hwang JP, Tsai S], Hong CJ, Yang CH, Lirng JF, Yang YM (2006) The
val66met polymorphism of the brain-derived neurotrophic-
factor gene is associated with geriatric depression. Neurobiol

Aging 27:1834-1837.

Hyman C, Hofer M (1991) BDNF is a neurotrophic factor for dopa-
minergic neurons of the substantia nigra. Nature 350:230.
Iga JI, Ueno SI, Yamauchi K, Numata S, Tayoshi-Shibuya S,
Kinouchi S, Nakataki M, Song H, Hokoishi K, Tanabe H (2007)
The Val66Met polymorphism of the brain-derived neuro-
trophic factor gene is associated with psychotic feature and
suicidal behavior in Japanese major depressive patients. AmJ

Med Genet B Neuropsychiatr Genet 144:1003-1006.

Jiang X, Xu K, Hoberman J, Tian F, Marko AJ, Waheed JF, Harris CR,
Marini AM, Enoch MA, Lipsky RH (2005) BDNF variation and
mood disorders: a novel functional promoter polymorphism
and val66met are associated with anxiety but have opposing
effects. Neuropsychopharmacology 30:1353-1361.

Karege F, Perret G, Bondolfi G, Schwald M, Bertschy G, Aubry
JM (2002) Decreased serum brain-derived neurotrophic
factor levels in major depressed patients. Psychiatry Res
109:143-148.

Karege F, Vaudan G, Schwald M, Perroud N, La Harpe R (2005)
Neurotrophin levels in postmortem brains of suicide victims
and the effects of antemortem diagnosis and psychotropic
drugs. Brain Res Mol Brain Res 136:29-37.

Kaufman J, Yang BZ, Douglas-Palumberi H, Grasso D, Lipschitz
D, Houshyar S, Krystal JH, Gelernter J (2006) Brain-derived
neurotrophic factor-5-HTTLPR gene interactions and envir-
onmental modifiers of depression in children. Biol Psychiatry
59:673-680.

Keller S, Sarchiapone M, Zarrilli F, Videti¢ A, Ferraro A, Carli V,
Sacchetti S, Lembo F,Angiolillo A, Jovanovic N (2010) Increased
BDNF promoter methylation in the Wernicke area of suicide
subjects. Arch Gen Psychiatry 67:258-267.

Kelly TM, Mann JJ (1996) Validity of DSM-III-R diagnosis by psy-
chological autopsy: a comparison with clinician ante-mor-
tem diagnosis. Acta Psychiatr Scand 94:337-343.

Kim YK, Lee HP, Won SD, Park EY, Lee HY, Lee BH, Lee SW,
Yoon D, Han C, Kim DJ (2007) Low plasma BDNF is associ-
ated with suicidal behavior in major depression. Prog
Neuropsychopharmacol Biol Psychiatry 31:78-85.

Kozicz T, Tilburg-Ouwens D, Faludi G, Palkovits M, Roubos E (2008)
Gender-related urocortin 1 and brain-derived neurotrophic
factor expression in the adult human midbrain of suicide
victims with major depression. Neuroscience 152:1015-1023.

Lee J, Fukumoto H, Orne J, Klucken ], Raju S, Vanderburg CR,
Irizarry MC, Hyman BT, Ingelsson M (2005) Decreased levels
of BDNF protein in alzheimer temporal cortex are independ-
ent of BDNF polymorphisms. Exp Neurol 194:91-96.

Mann JJ (2003) Neurobiology of suicidal behaviour. Nat Rev
Neurosci 4:819-828.

Mann JJ, Waternaux C, Haas GL, Malone KM (1999) Toward a clin-
ical model of suicidal behavior in psychiatric patients. Am J
Psychiatry 156:181-189.

Mann J], Currier D, Stanley B, Oquendo MA, Amsel LV, Ellis SP
(2006) Can biological tests assist prediction of suicide in
mood disorders? Int ] Neuropsychopharmacol 9:465-474.

Mann JJ, Arango VA, Avenevoli S, Brent DA, Champagne FA,
Clayton P, Currier D, Dougherty DM, Haghighi F, Hodge SE,
Kleinman J, Lehner T, McMahon F, Moscicki EK, Oquendo MA,
Pandey GN, Pearson J, Stanley B, Terwilliger J, Wenzel A (2009)
Candidate endophenotypes for genetic studies of suicidal
behavior. Biol Psychiatry 65:556-563.

Martinowich K, Lu B (2008) Interaction between BDNF and sero-
tonin: role in mood disorders. Neuropsychopharmacology
33:73-83.

McAllister AK (2001) Neurotrophins and neuronal differentiation
in the central nervous system. Cell Mol Life Sci 58:1054-1060.



Morse JK, Wiegand SJ, Anderson K, You Y, Cai N, Carnahan
J, Miller ], DiStefano PS, Altar CA, Lindsay RM (1993) Brain-
derived neurotrophic factor (BDNF) prevents the degener-
ation of medial septal cholinergic neurons following fimbria
transection. ] Neurosci 13:4146-4156.

Nibuya M, Morinobu S, Duman RS (1995) Regulation of BDNF and
trkb mrna in rat brain by chronic electroconvulsive seizure
and antidepressant drug treatments. ] Neurosci 15:7539-7547.

Nibuya M, Takahashi M, Russell DS, Duman RS (1999) Repeated
stress increases catalytic trkb mrna in rat hippocampus.
Neurosci Lett 267:81-84.

Oquendo MA, Halberstam B, Mann JJ (2003) Risk factors for sui-
cidal behavior: utility and limitations of research instru-
ments. In: Standardized evaluation in clinical practice, 1st
Edition (First MB, ed), pp103-130. Washington, DC: American
Psychiatric Publishing.

Ozan E, Okur H, Eker C, Eker OD, Goniil AS, Akarsu N (2010) The
effect of depression, BDNF gene val66met polymorphism and
gender on serum BDNF levels. Brain Res Bull 81:61-65.

Pandey GN, Dwivedi Y, Rizavi HS, Ren X, Zhang H, Pavuluri
MN (2010) Brain-derived neurotrophic factor gene and
protein expression in pediatric and adult depressed
subjects. Prog Neuropsychopharmacol Biol Psychiatry
34:645-651.

Perroud N, Courtet P, Vincze I, Jaussent I, Jollant F, Bellivier F,
Leboyer M, Baud P, Buresi C, Malafosse A (2008) Interaction
between BDNF val66met and childhood trauma on adult’s
violent suicide attempt. Genes Brain Behav 7:314-322.

Pezawas L, Verchinski BA, Mattay VS, Callicott JH, Kolachana
BS, Straub RE, Egan MF, Meyer-Lindenberg A, Weinberger DR
(2004) The brain-derived neurotrophic factor val6é6met poly-
morphism and variation in human cortical morphology. J
Neurosci 24:10099-10102.

Poo MM (2001) Neurotrophins as synaptic modulators. Nat Rev
Neurosci 2:24-32.

Post RM (2007) Role of BDNF in bipolar and unipolar dis-
order: clinical and theoretical implications. ] Psychiatr Res
41:979-990.

Pregelj P, Nedic G, Paska AV, Zupanc T, Nikolac M, Balazic J,
Tomori M, Komel R, Seler DM, Pivac N (2011) The association
between brain-derived neurotrophic factor polymorphism
(BDNF Val66Met) and suicide. ] Affect Disord 128:287-290.

Ratta-Apha W, Hishimoto A, Yoshida M, Ueno Y, Asano M,
Shirakawa O, Sora I (2013) Association study of BDNF with
completed suicide in the japanese population. Psychiatry Res
209:734-736.

Roceri M, Cirulli F, Pessina C, Peretto P, Racagni G, Riva MA
(2004) Postnatal repeated maternal deprivation produces
age-dependent changes of brain-derived neurotrophic fac-
tor expression in selected rat brain regions. Biol Psychiatry
55:708-714.

Roth TL, Lubin FD, Funk AJ, Sweatt JD (2009) Lasting epigen-
etic influence of early-life adversity on the BDNF gene. Biol
Psychiatry 65:760-769.

Russo-Neustadt A (2003) Brain-derived neurotrophic factor,
behavior, and new directions for the treatment of mental dis-
orders. Semin Clin Neuropsychiatry 8:109-118.

Russo-Neustadt A, Beard RC, Cotman CW (1999) Exercise,
antidepressant medications, and enhanced brain derived
neurotrophic factor expression. Neuropsychopharmacology
21:679-682.

Rybakowski JK (2008) BDNF gene: functional val66met
polymorphism in mood disorders and schizophrenia.
Pharmacogenomics 9:1589-1593.

Youssef etal. | 537

Sarchiapone M, Carli V, Roy A, Iacoviello L, Cuomo C, Latella MC,
di Giannantonio M, Janiri L, de Gaetano M, Janal MN (2008)
Association of polymorphism (valéémet) of brain-derived
neurotrophic factor with suicide attempts in depressed
patients. Neuropsychobiology 57:139-145.

Schenkel LC, Segal J, Becker JA, Manfro GG, Bianchin MM,
Leistner-Segal S (2010) The BDNF val66met polymorphism
is an independent risk factor for high lethality in suicide
attempts of depressed patients. Prog Neuropsychopharmacol
Biol Psychiatry 34:940-944.

Schumacher J, Jamra RA, Becker T, Ohlraun S, Klopp N, Binder EB,
Schulze TG, Deschner M, Schmal C, Hofels S (2005) Evidence
for a relationship between genetic variants at the brain-
derived neurotrophic factor (BDNF) locus and major depres-
sion. Biol Psychiatry 58:307-314.

Sen S, Nesse RM, Stoltenberg SF, Li S, Gleiberman L, Chakravarti A,
Weder AB, Burmeister M (2003) A BDNF coding variant is asso-
ciated with the NEO personality inventory domain neuroti-
cism, a risk factor for depression. Neuropsychopharmacology
28:397-401.

Sen S, Duman R, Sanacora G (2008) Serum brain-derived neuro-
trophic factor, depression, and antidepressant medications:
meta-analyses and implications. Biol Psychiatry 64:527-532.

ShirayamaY, Chen AC, Nakagawa S, Russell DS, Duman RS (2002)
Brain-derived neurotrophic factor produces antidepres-
sant effects in behavioral models of depression. ] Neurosci
22:3251-3261.

Siuciak JA, Boylan C, Fritsche M, Altar CA, Lindsay RM (1996)
BDNF increases monoaminergic activity in rat brain follow-
ing intracerebroventricular or intraparenchymal administra-
tion. Brain Res 710:11-20.

Siuciak JA, Lewis DR, Wiegand §J, Lindsay RM (1997a)
Antidepressant-like effect of brain-derived neurotrophic fac-
tor (BDNF). Pharmacol Biochem Behav 56:131-137.

Siuciak JA, Lewis DR, Wiegand §J, Lindsay RM (1997b)
Antidepressant-like effect of brain-derived neurotrophic fac-
tor (BDNF). Pharmacol Biochem Behav 56:131-137.

Smith MA, Makino S, Kvetnansky R, Post RM (1995) Stress and
glucocorticoids affect the expression of brain-derived neuro-
trophic factor and neurotrophin-3 mrnas in the hippocam-
pus. J Neurosci 15:1768-1777.

Strauss J, Barr CL, George CJ, Devlin B, Vetr6 A, Kiss E, Baji I, King
N, Shaikh S, Lanktree M, Kovacs M, Kennedy JL (2005) Brain-
derived neurotrophic factor variants are associated with
childhood-onset mood disorder: confirmation in a hungarian
sample. Mol Psychiatry 10:861-867.

Sublette ME, Baca-Garcia E, Parsey RV,0quendo MA, Rodrigues SM,
Galfalvy H, Huang YY, Arango V, Mann JJ (2008) Effect of BDNF
valéémet polymorphism on age-related amygdala volume
changes in healthy subjects. Prog Neuropsychopharmacol
Biol Psychiatry 32:1652-1655.

Surtees PG, Wainwright NW, Willis-Owen SA, Sandhu MS, Luben
R, Day NE, Flint J (2007) No association between the BDNF val-
66met polymorphism and mood status in a non-clinical com-
munity sample of 7389 older adults. ] Psychiatr Res 41:404-409.

Szeszko PR, Lipsky R, Mentschel C, Robinson D, Gunduz-Bruce H,
Sevy S, Ashtari M, Napolitano B, Bilder RM, Kane JM, Goldman
D, Malhotra AK (2005) Brain-derived neurotrophic factor val-
66met polymorphism and volume of the hippocampal for-
mation. Mol Psychiatry 10:631-636.

Taylor WD, Ziichner S, McQuoid DR, Steffens DC, Speer MC,
Krishnan KR (2007) Allelic differences in the brain-derived
neurotrophic factor val6émet polymorphism in late-life
depression. Am ] Geriatr Psychiatry 15:850-857.



538 | International Journal of Neuropsychopharmacology, 2018

Tripp A, Oh H, Guilloux JP, Martinowich K, Lewis DA, Sibille
E (2012) Brain-derived neurotrophic factor signaling and
subgenual anterior cingulate cortex dysfunction in major
depressive disorder. Am ] Psychiatry 169:1194-1202.

Tsai SJ, Cheng CY, Yu YW, Chen TJ, Hong CJ (2003) Association
study of a brain-derived neurotrophic-factor genetic poly-
morphism and major depressive disorders, symptom-
atology, and antidepressant response. Am J Med Genet B
Neuropsychiatr Genet 123B:19-22.

Tsankova NM, Berton O, Renthal W, Kumar A, Neve RL, Nestler
EJ (2006) Sustained hippocampal chromatin regulation in a
mouse model of depression and antidepressant action. Nat
Neurosci 9:519-525.

Underwood MD, Kassir SA, Bakalian MJ, Galfalvy H, Mann JJ,
Arango V (2012) Neuron density and serotonin receptor bind-
ingin prefrontal cortexinsuicide.Int] Neuropsychopharmacol
15:435-447.

van Heeringen K, Mann JJ (2014) The neurobiology of suicide.
Lancet Psychiatry 1:63-72.

Verhagen M, van der Meij A, van Deurzen PA, Janzing JG, Arias-
Vasquez A, Buitelaar JK, Franke B (2010) Meta-analysis of the
BDNF val66met polymorphism in major depressive disorder:
effects of gender and ethnicity. Mol Psychiatry 15:260-271.

Vogt BA, Finch DM, Olson CR (1992) Functional heterogeneity in
cingulate cortex: the anterior executive and posterior evalu-
ative regions. Cereb Cortex 2:435-443.

Wagner G, Koch K, Schachtzabel C, Schultz CC, Sauer H, Schlosser
RG (2011) Structural brain alterations in patients with major
depressive disorder and high risk for suicide: evidence for a
distinct neurobiological entity? Neuroimage 54:1607-1614.

Wagner G, Schultz CC, Koch K, Schachtzabel C, Sauer H,
Schlosser RG (2012) Prefrontal cortical thickness in depressed
patients with high-risk for suicidal behavior. ] Psychiatr Res
46:1449-1455.

WHO (2016) World Health Statistics 2016: Monitoring Health for
the SDGs. Geneva: World Health Organization.

Wichers M, Kenis G, Jacobs N, Mengelers R, Derom C, Vlietinck R,
van Os ] (2008) The BDNF val(66)met x 5-HTTLPR x child adver-
sity interaction and depressive symptoms: an attempt at repli-
cation. Am ] Med Genet B Neuropsychiatr Genet 147B:120-123.

Yoshimura R, Kishi T, Suzuki A, Umene-Nakano W, Ikenouchi-
Sugita A, Hori H, Otani K, Iwata N, Nakamura J (2011) The
brain-derived neurotrophic factor (BDNF) polymorph-
ism val66met is associated with neither serum BDNF level
nor response to selective serotonin reuptake inhibitors in
depressed Japanese patients. Prog Neuropsychopharmacol
Biol Psychiatry 35:1022-1025.

Zarrilli F, Angiolillo A, Castaldo G, Chiariotti L, Keller S, Sacchetti
S, Marusic A, Zagar T, Carli V, Roy A, Sarchiapone M (2009)
Brain derived neurotrophic factor (BDNF) genetic polymorph-
ism (val6é6met) in suicide: a study of 512 cases. Am ] Med
Genet B Neuropsychiatr Genet 150B:599-600.

Zhou J, Bradford HF, Stern GM (1994) The response of human
and rat fetal ventral mesencephalon in culture to the
brain-derived neurotrophic factor treatment. Brain Res
656:147-156.

Zou YF, Ye DQ, Feng XL, Su H, Pan FM, Liao FF (2010) Meta-
analysis of BDNF val66met polymorphism association with
treatment response in patients with major depressive dis-
order. Eur Neuropsychopharmacol 20:535-544.



