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Brain-derived neurotrophic factor gene polymorphisms
are associated with coronary artery disease-related
depression and antidepressant response
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Abstract. Depression is a well-established risk factor for
cardiac morbidity and mortality in patients with coronary
artery disease (CAD). Previous studies have demonstrated
that the level of brain-derived neurotrophic factor (BDNF)
is decreased in depressed patients and this depletion may
be reversed by antidepressants. Several recent studies have
suggested that BDNF is involved in the pathogenesis of
CAD. The aim of the present study was to investigate the
possible association between seven single nucleotide poly-
morphisms (SNPs) of the BDNF gene (SNPs; rs16917204,
rs6265, rs7103873, rs16917237, rs56164415, rs13306221 and
rs10767664) and coronary artery disease-related depression
(CAD-D). In the present study, 616 CAD patients without
depression (CAD-nD) and 155 patients with CAD-D were
recruited, and the response to an eight week sertraline anti-
depressant treatment regimen was also evaluated. The results
demonstrated that a significant association existed between the
SNP rs6265, located in exon 4 of the BDNF gene, and CAD-D
[%*=9.634, P=0.002, odds ratio (OR)=1.486, 95% confidence
interval (CI)=1.156-1.910]. Another potential association
was observed for 513306221 (x*=5.194, P=0.023, OR=2.139,
95% CI=1.096-4.175) in the promoter region of the BDNF
gene. Strong linkage disequilibrium was observed in block 1
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(rs16917204, rs6265; D'>0.9). However, there was no evidence
of a significant linkage disequilibrium between the seven SNPs
in our sample population. Additionally, carriers of the A allele
of rs6265 exhibited improved responses to the sertraline treat-
ment (%*=8.942, P=0.003, OR=2.136, 95% CI=1.293-3.528).
To the best of our knowledge, these results demonstrate, for
the first time, the presence of a significant association between
BDNF rs6265 and CAD-D, the identification of which may
facilitate early diagnosis of CAD-D in the future.

Introduction

Coronary artery disease (CAD) is a leading cause of death
in developed countries, with an annual mortality rate of
>7 million (1). Up to 20% of patients with CAD meet the
Diagnostic and Statistical Manual of Mental Disorders-I1V
criteria (DSM-IV) for major depression (MD), which is
reported to be associated with adverse cardiac outcomes (1,2).

Brain-derived neurotrophic factor (BDNF), a member of
the neurotrophin family of growth factors, promotes survival,
differentiation and maintenance of neurons in the nervous
system (3). Previous studies have revealed the importance
of BDNF in the development of the cardiac vasculature,
including evidence that BDNF promotes angiogenesis (4),
enhances vascular flow and regulates revascularization of
ischemic tissue (5). Recently, clinical studies have demon-
strated that BDNF is associated with coronary atherosclerosis
and unstable angina, and experimental studies have revealed
that BDNF may contribute to plaque instability in CAD, since
it enhances the activity of local nicotinamide adenine dinucle-
otide (phosphate) oxidase and superoxide production (6). In
addition to its association with CAD, BDNF is also reported to
be associated with the pathogenesis of MD (7). For example,
one study identified that in animal models of depression, the
level of BDNF was decreased during hippocampal forma-
tion (8). Furthermore, the mRNA level of BDNF is lower in
the hippocampus and anterior cingulate cortex in MD patients
compared with healthy controls (9).

A number of single nucleotide polymorphisms (SNPs) have
been identified in the BDNF gene, including rs13306221 in
the promoter region (10), rs56164415 in intron 2 (11), rs6265
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in exon 4 (12) and rs16917204 in the 3'-untranslated region
(UTR) (13). All of these SNPs are reported to be associated
with the expression of the BDNF protein. A recent meta-anal-
ysis revealed that the A allele carriers had an increased risk
for geriatric depression (14). The putative promoter region
contains a SNP rs13306221 (712 bp upstream of the first
exon) that is associated with substance dependence (10) and
MD patients (15). The rs16917204 polymorphism in the
3'-UTR of BDNF has also been associated with Alzheimer's
disease-related depression (16). Previously, a case-control
study demonstrated evidence of an association between the
rs6265 polymorphism and coronary artery disease-related
depression (CAD-D) (17).

In view of the crucial role of the BDNF gene in CAD
and MD, the aim of this study was to elucidate the potential
association of seven BDNF polymorphisms with CAD-D and
treatment response to selective serotonin reuptake inhibitors
(SSRIs).

Materials and methods

Subjects. The subjects were consecutively recruited from
The First Hospital Affiliated to Xinxiang Medical College
between May 2006 and March 2013, including 616 CAD
without depression (CAD-nD) patients (the mean + SD age,
61.6+5.6 years). The patients with CAD-D were recruited as
follows: First, the CAD patients in The First Hospital Affiliated
to Xinxiang Medical College received the laboratory exami-
nations including, coronary angiography, electrocardiogram
(EKG), blood tests and/or stress tests. The interview and
response was also performed on the patients. Coronary angi-
ography was conducted in all patients. Inclusion criteria were
as follows: (i) Patients had at least one diseased vessel (=50%
stenosis) in the coronary angiograph; (ii) patients with chronic
stable angina pectoris (SAP) had effort ischemic symptoms
which lasted for at least three months and a positive stress
test; (iii) patients with unstable angina pectoris (UAP) had
chest discomfort or other ischemic symptoms at rest or in a
progressive crescendo pattern without a rise in biomarkers
of myocardial necrosis; (iv) patients presented with transient
ST-T segment depression and T-wave inversion, with a typical
elevation in biomarkers of myocardial necrosis; (v) patients
with acute myocardial infarction (AMI) presented with isch-
emic symptoms and with ST-segment elevations persistent
and ST-segment elevation on EKG. The majority of these
patients would exhibit a typical elevation in the biomarkers of
myocardial necrosis. Secondly, the MD of the CAD patients
was diagnosed with structured clinical interviews, based on
DSM-IV criteria for MD. Depressive symptoms were clas-
sified using the 24-item Hamilton Depression Rating Scale
(HAMD). The patients who had a minimum score of 20 on
the HAMD scale were included. Finally, 155 subjects with
CAD-D (the mean + SD age, 62.2+6.8 years) met the DSM-IV
criteria. The present study was performed according to the
Guidelines of the Medical Ethical Committee of Xinxiang
Medical College. Written informed consent was obtained from
all individuals involved.

Treatment. The treatment response of patients was evalu-
ated using HAMD. Participants who exhibited at least three
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Table I. Demographic and clinical characteristics in CAD-nD
patients (n=616) and CAD-D patients (n=155).

Variable CAD-nD CAD-D
Age (years) 61.6+5.6 62.2+6.8
Education (years) 11.6+3.3 11.8+32
Family history (yes) 91 (14.77) 27 (17.42)
LVEF (%) 59.7+10.4 60.6+9.6
Ccr (ml/min) 73.6+£20.5 75.6x£18.3
hs-CRP (mg/dl) 4.1+£3.6 44+35
TC (mmol/l) 43+14 4.5+1.1
TG (mmol/l) 1.8+1.2 1.7£1.0
HDL-C (mmol/l) 1.3+0.5 1.6x£1.0
LDL-C (mmol/l) 29+1.2 2.5+1.1
With suicide attempt* 5.1+0.2 8.3+0.2
HAMD? 14.5+6.1 24.6+6.6

*AD-D compared with AD-nD, differences reaching statistical
significance are P<0.01. CAD-nD, coronary artery disease without
depression; CAD-D, coronary artery disease-related depression;
LVEEF, left ventricular ejection fraction; Ccr, creatinine clearance rate;
hs-CRP, high-sensitivity C-reactive protein; TC, total cholesterol; TG,
triglyceride; HDL-C, high density lipoprotein-cholesterol; LDL-C,
low density lipoprotein-cholesterol; HAMD, Hamilton Depression
Rating Scale.

symptoms according to the DSM-IV criteria (n=155) received
antidepressant treatment with sertraline (150 mg/day for
8 weeks). Five patients did not complete the sertraline treat-
ment. On the contrary, 616 CAD-nD patients received standard
care but no antidepressants. Patient response was assessed at
the end of the 8 week treatment. The patients with a HAMD
score at <7 or a 50% improvement were considered to be
remittent.

Genotyping. The relative genomic locations of the BDNF
gene with a genomic size of 67.2 kb and selected SNPs are
illustrated in Fig. 1. Peripheral blood was drawn from a vein
into a sterile tube containing ethylenediamine tetraacetic acid
(EDTA). Plasma samples were stored at -20°C. Genomic DNA
was extracted from the frozen peripheral blood samples using
a QIAamp Blood Mini kit (Qiagen Inc., Valencia, CA, USA)
according to the manufacturer's instructions. Genotyping was
performed for all SNPs using the MassARRAY platform
(Sequenom, San Diego, CA, USA). Primer extension and PCR
were conducted according to the manufacturer's instructions,
using iPLEX enzyme (Sequenom) and HotStarTaq DNA poly-
merase (Qiagen, Hilden, Germany). The resulting spectra were
processed with the MassARRAY RT software (version 3.0.0.4)
and genotype data was analyzed using the MassARRAY Typer
software (version 3.4; Sequenom).

Statistical analysis. The data were analyzed using SPSS 16.0
(SPSS, Inc, Chicago, IL, USA). Hardy-Weinberg equilibrium
(HWE) for the distributions of genotypes was estimated
by chi-square (%) tests. The potential association between
CAD-D and each polymorphism was analyzed using Fisher's
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Figure 1. Gene structure of human BDNF, illustrating the relative positions of the seven SNPs used in the present study. SNP, single nucleotide polymorphism;

UTR, 3'-untranslated region; MAF, minor allele frequency.
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Figure 2. LD plot of the seven SNPs in the BDNF gene in controls (above) and cases (below). Values in squares are the pair-wise calculation of D' (left) or 12
(right). SNP, single nucleotide polymorphism; BDNF, brain-derived neurotrophic factor; LD, linkage disequilibrium.

exact tests or % tests. The odds ratio (OR) and 95% confi-
dence interval (CI) were used to measure the strength of the
association between allele frequencies and the BDNF gene.
Bonferroni correction was used in multiple tests and the
P-value was divided by the total number of loci or haplotypes.
Pair-wise linkage disequilibrium statistics (D' and r?) and
haplotype frequencies were computed using Haploview 4.0 to
construct haplotype blocks.

Results

Demographic and clinical characteristics. The demographic
and clinical characteristics were compared between the
CAD-D participants and CAD-nD participants (Table I). A
higher frequency of suicide attempts and increased HAMD

scores were observed in CAD-D patients than in CAD-nD
participants. LD analyses of the participants and CAD-nD
subjects revealed that two SNPs (rs16917204 and rs6265) were
located in haplotype block 1 (D'>0.9; Fig. 2).

Genotype distribution. The genotype distribution of the
seven polymorphisms was consistent with HWE. The geno-
type distribution and allele frequencies of the seven SNPs are
listed in Table II. The distribution of haplotype frequencies
is listed in Table III.

The frequency of the A allele of rs6265 was significantly
higher in CAD-D patients than in the CAD-nD subjects
(%*=9.634, P=0.002, OR=1.486, 95% CI=1.156-1.910;
P<0.007, after Bonferroni correction). Another potential
association was observed for rs13306221 (P=0.019, after
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Table III. BDNF haplotype in block 1 frequencies and the results of their associations with risk of CAD-D.
Statistics
Haplotype* CAD-D (n,%) CAD-nD (n,%) e P OR 95% CI
C-A 72 (46 45) 282 (45.78) 0.023 0.881 1.027 0.722-1.463
G-G 67 (43.23) 316 (51.30) 3.228 0.072 1.383 0.970-1.973

“Haplotypes with frequency P<0.05 were excluded. CAD-nD, coronary artery disease without depression; CAD-D, coronary artery dis-
ease-related depression; BDNF, brain-derived neurotrophic factor; OR, odds ratio; CI, confidence interval.

Table IV. Genotype and allele frequency of the BDNF gene
1s6265 polymorphism responded to sertraline (Rs=105,
Non-Rs=45).

Position Genotype Rs (n,%)  Non-Rs (n,%)

156265 genotype GG 17 (16.19) 14 (31.11)
GA 48 (45.71) 24 (53.33)
AA 40 (38.10) 7 (15.56)

rs6265 allele G 82 (39.05) 52 (57.78)
A 128 (60.95) 38 (42.22)

1s6263 genotype, x*=8.882, P=0.012, Rs group compared with Non-Rs
group, P<0.05 was considered to indicate a statistically significant
result. r$6265 allele, %*=8.942, P=0.003, Rs group compared with
Non-Rs group, OR=2.136, 95% CI 1.293-3.528. BDNF, brain-derived
neurotrophic factor; OR, odds ratio; CI, confidence interval.

Bonferroni correction). The CAD-D subjects had a signifi-
cantly higher frequency of the G allele of rs13306221 but did
not pass the threshold value (3*=5.194, P=0.023, OR=2.139,
95% CI=1.096-4.175). Strong linkage disequilibrium was
observed in block 1 (rs16917204, rs6265; D'>0.9). However,
significant linkage disequilibrium was not observed between
the seven SNPs in the sample population.

Correlation between rs6265 and antidepressant treatment.
We further examined the association between rs6265 and
response to SSRIs. The rate of remission following the sertra-
line treatment was significantly higher in the subjects carrying
the rs6265 A allele in CAD-D patients (3*=8.942, P=0.003,
OR=2.136, 95%CI=1.293-3.528; Table IV).

Discussion

Of the 771 CAD participants in this study, 155 (20.10%) had
prominent depressive symptoms, a prevalence that is consistent
with previous studies (1,2). In the present study, we revealed
that the A allele of rs6265 was overexpressed in CAD-D
compared with CAD-nD. Following sertraline antidepressant
treatment a higher rate of remission was observed in subjects
carrying the rs6265 A allele. To the best of our knowledge, this
is the first investigation describing evidence for a significant
association between rs6265 and treatment response to sertra-
line in CAD-D.

Several previous studies have indicated that possession of
the BDNF rs6265 A allele is a significant risk factor for MD,
geriatric depression and Alzheimer's disease-related depres-
sion, and that it may modify the association between stroke and
depression (16,18-21). Similarly, a recent study demonstrated
that this polymorphism has been associated with CAD-D in
an Italian population and that the A allele has been established
as a risk factor for CAD-D (17). The present study confirmed
the association of this putative functional polymorphism with
CAD-D in a Chinese Han population.

The rs6265 (G196A) SNP of the BDNF gene results in the
substitution of Val by Met in the 5'-pro-region of the BDNF
protein at position 66 (22,23). This substitution may evidently
alter the intracellular trafficking and packaging of proBDNF,
and activity dependent secretion of BDNF (24). Previous
studies have suggested that carriers of the A allele may reduce
hippocampal volume and increase the occurrence of MD (25).
Similarly, identifying an association between the A allele in
the BDNF gene and CAD-D may contribute to further eluci-
dating the role of the BDNF gene in CAD-D.

SSRIs are commonly recommended as the first line treat-
ment for CAD-D (26). It has been demonstrated that sertraline
improved endothelial function and reduced inflammatory
markers in patients with CAD and symptoms of depres-
sion (27). The rs6265 polymorphism in the BDNF gene has
also been identified to be associated with the response to anti-
depressant medications (20). Matrisciano et al also reported
that 5-week or 6-month sertraline treatment may increase the
serum level of BDNF (28). Consistent with several previous
studies (29,30) that reported decreased release of BDNF of the
rs6265 A allele, in the present study we observed that CAD-D
patients with the A allele exhibited improved responses to
sertraline than those with the G allele. This accumulative
evidence suggests that the rs6265 functional polymorphism in
the BDNF gene is important in the pathogenesis of at least
partial CAD-D associated with decreased BDNF levels, since
the antidepressant treatment evidently induced BDNF expres-
sion.

Analysis using a computational approach has suggested that
the sequence of this region is potentially a part of the eukary-
otic polymerase II promoter binding site and rs13306221 may
disrupt the pattern of recognition, implying that rs13306221
negatively affects transcription of the BDNF gene (10). In
the present study, there was a weak correlation between the
SNP 1513306221 and CAD-D. The results demonstrated that
CAD-D patients had a significantly higher frequency of the
A allele of rs13306221 than CAD-nD subjects, although the
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frequency did not pass the threshold value. Su ef al confirmed
a statistically significant association between rs13306221 poly-
morphisms and alcohol dependence-related depression (31).
Several other studies revealed that the rs13306221 polymor-
phism was associated with substance dependence and MD in
Chinese Han population (15,32). Therefore, we may reliably
conclude that rs13306221 polymorphism may be involved in
the pathogenesis of CAD-D by regulating BDNF transcription
in our Chinese sample population. The functional importance
of this polymorphism, however, requires further investigation.

In summary, genetic variations in the BDNF gene
contribute to CAD-D by conferring susceptibility or resistance
to antidepressant treatment. The present study further eluci-
dates the pathogenesis of CAD-D and thus will facilitate the
development of improved diagnostic and treatment strategies
in CAD-D.
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