ORIGINAL ARTICLE
http:/dx.doi.org/10.4306/pi.2015.12.4.523

Print ISSN 1738-3684 / On-line ISSN 1976-3026
OPEN ACCESS

A Longitudinal Study of BDNF Promoter Methylation and
Depression in Breast Cancer

Hee-Ju Kang', Jae-Min Kim' ™, Seon-Young Kim', Sung-Wan Kim', lI-Seon Shin',

Hye-Ran Kim?, Min-Ho Park®, Myung-Geun Shin*, Jung-Han Yoon?, and Jin-Sang Yoon'

"Department of Psychiatry, Chonnam National University Medical School, Gwangju, Republic of Korea

2Brain Korea 21 Project, Center for Biomedical Human Resources, Chonnam National University Medical School, Gwangju, Republic of Korea

3Breast and Endocrine Tumor Clinic, Chonnam National University Hwasun Hospital, Hwasun, Republic of Korea
“Department of Laboratory Medicine, Chonnam National University Medical School, Gwangju, Republic of Korea

Objective  Brain-derived neurotrophic factor (BDNF) is investigated in depression related to medical disorders and its secretion is in-
fluenced by epigenetic factors. We investigated the association between BDNF promoter methylation and depression following mastec-
tomy for breast cancer.

Methods In total, 309 patients with breast cancer were evaluated 1 week after mastectomy, and 244 (79%) were followed up 1 year lat-
er. Depression was diagnosed (major or minor depressive disorder) according to DSM-IV criteria and depression severity was estimated by
Montgomery-Asberg Depression Rating Scale (MADRS). We assessed BDNF promoter methylation using leukocyte DNA. The effects of
BDNF methylation on depression diagnosis and severity were investigated using multivariate logistic and linear regression models, re-
spectively. The two-way interaction between BDNF methylation and the val66met polymorphism on depression was also evaluated us-
ing multivariate logistic regression models.

Results Higher BDNF methylation was independently associated with depression diagnosis and with more severe symptoms at both
1 week and 1 year after mastectomy. No significant methylation-genotype interactions were found.

Conclusion A role for BDNF in depression related to breast cancer was supported. Indeed, the association between depression and
BDNF methylation may be useful for identifying patients who are at high risk for depression and for suggesting directions for promising

drug research.
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INTRODUCTION

Breast cancer, which accounts for 23% of all cancers, is the
leading cause of malignancy in women.' The advances in di-
agnostic and treatment modalities in breast cancer have led to
prolonged survival of people with this disease up to 89%.
Hence, breast cancer is now conceptualized as a chronic ill-
ness, and survivors are likely to suffer from psychological dis-
tress, including depression.’ In fact, studies show that many

Received: November 11,2014 Revised: December 2, 2014
Accepted: December 2, 2014 Available online: September 30, 2015

4 Correspondence: Jae-Min Kim, MD, PhD

Department of Psychiatry, Chonnam National University Medical School,
160 Baekseo-ro, Dong-gu, Gwangju 61469, Republic of Korea

Tel: +82-62-220-6143, Fax: +82-62-225-2351, E-mail: jmkim@chonnam.ac.kr

@ This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http:/ /creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

breast cancer survivors experience depression and that 48%
suffer from depression during the first year after diagnosis.*
Comorbid depression is, in turn, significantly associated with
a poorer quality of life’ as well as with negative outcomes such
as poor treatment adherence,® impaired physical and cognitive
functioning,”® and cancer progression or survival’ Therefore,
it is important to understand the etiology of depression asso-
ciated with breast cancer.

The pathogenesis of depression in patients with breast can-
cer is influenced by a complex interplay between biological
factors, including hormonal, inflammatory, and genetic mech-
71011 and psychological factors, including bodily dis-
figurement and impaired sexual functioning.'"’ Recent evi-
dence suggests that genetic predispositions are important in
the etiology of depression that is precipitated by medical con-

anismes,

ditions, which act as environmental risk factors." One candi-
date contributor to depression in patients with breast cancer is
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brain-derived neurotrophic factor (BDNF), a member of the
neurotrophic factor family, which is critical for the growth,
survival, and differentiation of neuronal cells as well as for
neuronal plasticity."”” BDNF is located on chromosome 11p14.1
and has several polymorphic markers, including a single-nu-
cleotide polymorphism (SNP) at nucleotide 196G/A, which
results in an amino acid substitution (valine to methionine) at
codon 66 (val66met) of the pro-BDNF molecule. This SNP af-
fects the intracellular processing and secretion of BDNE and
the met allele is associated with reduced activity-dependent
secretion of BDNE' The met allele has been associated with
depression after stroke,”” diabetes,'® and coronary artery dis-
ease."” With respect to depression in patients with breast can-
cer, significant associations between the et allele and preva-
lent and persistent depression were previously reported in
our longitudinal study."

BDNF expression is also regulated by epigenetic chroma-
tin remodeling, including DNA methylation, histone acetyla-
tion, and other chemical alterations in gene promoter regions.
In the central nervous system (CNS), DNA methylation of cy-
tosines in cytosine-guanine (CpG) dinucleotides is regarded as
a representative component of broader epigenetic modifica-
tion at a given locus.*® An increase in CpG methylation at pro-
moter regions on the BDNF gene was reported to be corre-
lated with decreased synthesis of BDNF in the neurons.”
Furthermore, increased BDNF methylation status was corre-
lated with depression in the general population* and in stroke
patients.” Based on these findings, we hypothesized that
BDNF hypermethylation is associated with depression in pa-
tients with breast cancer. To our knowledge, no investigation
of the role of BDNF promoter methylation and its interaction
with BDNF polymorphism in depressed patients with cancer
has been conducted. This study aimed to investigate whether
BDNF promoter methylation status is associated with de-
pression at 1 week and 1 year after breast surgery in a cohort
of Korean women with breast cancer and to analyze these
data in the context of the status of the BDNF polymorphism.

METHODS

Study overview and participants

This analysis was performed as a component of a larger
parent study investigating mental disorders in patients with
breast cancer using a naturalistic prospective design. Details
about the design have been published elsewhere.'’ In brief,
participants were consecutively recruited from all women
with breast cancer undergoing breast surgery at the Breast
and Endocrine Tumor Clinic of Chonnam National Univer-
sity Hwasun Hospital, Hwasun, South Korea. Assessments
were made at 1 week and 1 year after the breast surgery to in-
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vestigate both acute and chronic outcomes. The recruitment
period for the initial baseline assessment lasted from March
2008 to May 2009, and recruitment for the follow-up evalua-
tion occurred 1 year thereafter.

All women with breast cancer undergoing breast surgery
at the study site were approached regarding participation. In-
clusion criteria were 1) confirmed breast cancer by histologi-
cal examination, 2) ability to complete the necessary investi-
gations and questionnaires, and 3) capacity to understand
the objective of the study and provide informed consent. Ex-
clusion criteria were 1) secondary breast cancer, 2) benign
breast tumor, 3) male sex, and 4) any of the following comor-
bid neuropsychiatric conditions, which were identified by in-
terview or medical record review: dementia, Parkinson’s dis-
ease, brain tumor, epilepsy, psychosis, and alcohol or substance
dependence. This study was approved by the Chonnam Na-
tional University Hwasun Hospital Institutional Review Board.
All participants provided written informed consent.

BDNF DNA methylation analysis and genotyping
The DNA methylation status of the BDNF promoter was
investigated using blood samples obtained from the subsam-
ple of participants who provided consent for this procedure.
The correlation between gene expression in peripheral tissue
and physiologically meaningful gene expression in the brain
is not clear. However, it has been shown that BDNF may
cross the blood-brain barrier and that postnatal platelet BDNF
shows changes similar to those in the brain,”* suggesting par-
allel changes in BDNF at the blood and brain levels. Addi-
tionally, many previous studies have suggested an association
between BDNF methylation status in peripheral blood and
psychiatric symptoms, such as depression.* The BDNF pro-
moter region for analyzing methylation status is presented in
Figure 1. These data have been deposited in GenBank (acces-
sion number: BankIt1568919 BDNF JX848620). As in other
studies,” a CpG-rich region of the promoter between -612
and -463 relative to the transcriptional start of exon VII, in-
cluding nine CpG sites, was analyzed. This region was chosen
because it was previously investigated in relation to antenatal
depressed mood.”® Genomic DNA (1 pg) was extracted from
leukocytes using the QIAamp DNA Blood Mini Kit (Qiagen,
Valencia, CA, USA) following the manufacturer’s suggested
protocol and was bisulfite treated using the EpiTech Bisulfite
Kit (Qiagen) according to the manufacturer’s protocol. A 135-
bp fragment of BDNF promoter was amplified by polymerase
chain reaction (PCR) from bisulfite-treated DNA using the
forward and reverse primers designated in Figure 1. PCR
conditions were 95°C for 15 minutes, followed by 45 cycles
of 95°C for 15 seconds, 57°C for 30 seconds, and 72°C for 15
seconds, with a final extension of 5 minutes at 72°C. PCR



products were sequenced using the PSQ 96M Pyrosequenc-
ing system (Biotage) according to the manufacturer’s proto-
col with the sequencing primers designated in Figure 1. The
methylation percentage at each CpG region was quantified
using Pyro Q-CpG software, version 1.0.9 (Biotage). As the
BDNF promoter methylation percentages at CpG sites 2, 6,
and 8 were 100% in all participants and the results including
the three CpG did not differ from those excluding the sites.
Thus, the values of these three sites were excluded from the
analyses. The individual methylation percentages at the re-
maining six CpG sites and their average values were used in
the analyses. For genotyping, PCR and the PCR-based re-
striction fragment length polymorphism assays were per-
formed. The primer sequences used were the forward primer
5-ACTCTGGAGAGCGTGAATGG-3" and the reverse
primer 5 -ACTACTGAGCATCACCCTGGA-3". The am-
plification conditions were pre-denaturation at 95°C for 5
minutes, followed by 40 cycles consisting of denaturation at
95°C for 30 seconds, 62°C for 30 seconds, and 72°C for 30
seconds, post-elongation at 72°C for 5 minutes, and a final
maintenance step at 4°C. The PCR products were digested at
37°C with the corresponding restriction enzyme (Eco72I),
and gel electrophoresis was used to detect the 196G (val: 99-
and 72-bp fragments) and 196A (met: 171-bp fragment) al-
leles. The genotype was categorized as val/val, val/met, and
met/met.

Evaluations of depression

Depression was diagnosed at 1 week and 1 year after breast
surgery using the Mini-International Neuropsychiatric Inter-
view (MINI), a structured diagnostic psychiatric interview
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based on DSM-IV that identifies individuals with major or
minor depression.”® As cases of major depression were too rare
in this sample to analyze separately, they were combined with
those of minor depression to form a single category. In addi-
tion, depression severity was measured with Montgomery-
Asberg Depression Rating Scale (MADRS), consisted of 10
items with a total score ranging from 0-60.”” The MADRS ex-
cludes somatic symptoms of depression which may be difficult
to differentiate from physical consequences of breast cancer.

Demographic and clinical characteristics

Information was obtained on age, duration of formal edu-
cation, current employment (present or absent), marital sta-
tus (married or divorced/separated), religious affiliation (yes
or no), living alone or not, and personal and family histories
of depression. The presence of the following 10 common and
generally chronic health problems™ was evaluated: arthritis
or rheumatism; eyesight problems; hearing difficulty or deaf-
ness; persistent cough, breathlessness, difficulty breathing, or
asthma; high blood pressure; heart disease or angina; gastric
or intestinal problems; diabetes; renal diseases; and liver dis-
eases. Positive responses were summed to generate an overall
scale. Body mass index (BMI) (kg/m?), estrogen and proges-
terone receptor status, tumor size (longest diameter at histol-
ogy after surgery in mm), presence or absence of metastatic
axillary lymph nodes, time since cancer diagnosis (months),
chemotherapy history, and surgery type (breast conserving
or mastectomy) were also recorded. Status as relapse or first
episode was recorded. Breast cancer staging was performed
after surgery by an endocrine surgeon using the American
Joint Committee on Cancer Staging System for breast cancer.”

5’

CpG-rich region

_A

P

sequencer

forward primer

-612 GGGGTCGGCG GGGAGTAGTA TCGCGACGGG GATCGGGGTT GGGCGTTGGA
3
-562 GTTAGAATCG GAATTACGAT GTGATITTICGT CGTCGGGGAT TCGTGAGGTT
4 5 6 9

-512 TGTGTGGATT TCGAGGTAGG TAAGCGTTGG GAATGGGGTT TGGTGTAGGA

~

1 2

7 8

reverse primer

Figure 1. BDNF promoter regions for analyzing methylation status. The CpGs are underlined and numbered. Forward and backward prim-
ers and sequencer are designated. Numbering of the gene sequence is relative to the transcriptional start site. BDNF: brain-derived neuro-

trophic factor, CpG: cytosines in cytosine-guanine.
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Statistical analyses

The dependent variables were depression at 1 week and 1
year after breast surgery. Sociodemographic and clinical
characteristics as well as genotype distribution were com-
pared between participants with and without depression us-
ing t-tests, X* tests, or Fisher’s exact tests, as appropriate, at
the two evaluations. The BDNF promoter methylation per-
centages at six CpG sites and their average values were com-
pared by depression status using t-tests. The individual ef-
fects of BDNF promoter methylation percentages on depre-
ssion in patients with breast cancer at the two evaluations were
tested using multivariate logistic regression models after ad-
justment for those sociodemographic and clinical character-
istics that were significantly associated with depression at 1
week or 1 year after breast surgery (p<0.05). We also examined
the relationship between BDNF methylation percentages and
MADRS scores among those diagnosed with depression. Be-
cause BDNF methylation percentages were positively skewed,
they were log-transformed. The associations between these
values both at baseline and at 1 year after breast surgery were
assessed using a linear regression model after adjustment for
those sociodemographic and clinical characteristics that were
significantly associated with MADRS scores at 1week or 1
year after breast surgery (p<0.05). To evaluate the potential in-
teractive effects of BDNF promoter methylation and genotype
on depression related to breast cancer, the following two
analyses were performed: 1) the BDNF methylation percent-
ages of three BDNF genotypes were compared using analysis
of variance; and 2) two-way interactions between BDNF
methylation percentages and genotype were estimated using
multivariate logistic regression models; As seven compari-
sons (six CpG sites and the average value) were performed for
the BDNF methylation percentages analyses, Bonferroni cor-
rections were applied to maintain an overall type I error rate
of 0.05 against the multiple comparisons. All analyses were
repeated after excluding participants with a personal history
of depression to determine whether BDNF methylation affect-
ed depression only after breast cancer. Analyses were repeat-
ed after excluding participants treated with antidepressants,
as this may affected both depression severity and DNA meth-
ylation status. Statistical analyses were performed using SPSS
18.0 software.

RESULTS

Recruitment

Recruitment at baseline and sample follow-up are present-
ed in Supplementary Figure 1 (in the online-only Data Sup-
plement). Of the 366 potentially eligible and consecutively
enrolled women with breast cancer undergoing breast sur-
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gery, 336 (92%) consented to participate in the study. Of
these, 309 (92%) agreed to provide blood samples for geno-
typing, and this group formed the baseline sample. We found
no significant differences between participants and non-par-
ticipants with respect to any demographic and clinical char-
acteristics (p>0.20). The mean (SD) time between breast sur-
gery and evaluation was 4.5 (1.2) days. Of the 309 participants,
74 (23.9%) were diagnosed with depression (11 with major
depression and 63 with minor depression). At the 1-year fol-
low-up, 244 (79%) were re-examined. Those who were pres-
ent at follow-up did not differ significantly from those who
were absent with respect to any baseline demographic or
clinical characteristic (p>0.05).

Demographic and clinical characteristics

Depression was diagnosed in 44 (18.0%) of the 244 fol-
lowed-up participants (five with major depression and 39
with minor depression). In the analyzed sample, the mean
(SD; range) age was 50.8 (9.7; 25-80) years, and the mean (SD)
duration of education was 10.4 (3.9) years. A total of 89 (28.
8%) participants were currently employed, 250 (80.9%) were
married, 240 (77.7%) reported a religious affiliation, and 25
(8.1%) were living alone. The mean (SD) number of chronic
health problems was 0.4 (0.8), and the mean (SD) BMI was
24.1 (3.4). A personal history of depression was reported by 24
(7.8%) participants, and a family history of depression was
reported by four (1.3%) participants. Breast cancer was pres-
ent for the first time in 293 (94.8%) participants, and the mean
(SD) time since tumor detection was 2.5 (7.7) months. With
respect to treatment, 201 (65.0%) received breast-conserving
surgery, and 220 (71.2%) received chemotherapy. The mean
(SD) tumor size was 18.5 (11.9) mm. The tumor stage was 0 in
29 (9.4%), 1in 105 (34.0%), I1 in 122 (39.5), III in 43 (13.9%),
and IV in 10 (3.2%) participants. These characteristics are
compared by depression status at 1 week and 1 year after
breast surgery in online (Supplementary Table 1 in the online-
only Data Supplement). Participants with depression at base-
line or at follow-up were more likely to report personal and
family histories of depression and to have the met/met allele
compared with those without depression (p<0.05).

BDNF promoter methylation status by depression
status in patients with breast cancer

We analyzed the overall average BDNF promoter methyla-
tion percentage as well as the percentage at each CpG site ac-
cording to depression status at 1 week and 1 year after breast
surgery (Table 1). After Bonferroni corrections, depression at
both 1 week and 1 year after breast surgery was significantly
associated with a higher average BDNF promoter methyla-
tion percentage and a higher percentage at CpG site 9. The



results of multivariate logistic regression analyses examining
the effects of BDNF promoter methylation on depression in
patients with breast cancer are presented in Table 2. After ad-
justment for personal and family histories of depression and
BDNF genotype, a higher percentage at CpG site 9 was inde-
pendently associated with depression at both 1 week and 1
year after breast surgery. After applying the Bonferroni cor-
rection, the strength of the association between depression at
1 week after breast surgery and higher methylation percent-
age at CpG site 9 and between depression at 1 year after mas-
tectomy and higher average methylation and higher methyl-
ation at CpG site 9 remained significant.

Association between BDNF promoter methylation
status and depression severity in those
with depression diagnoses

The mean (SD) MADRS score of the 73 participants with
depression was 15.9 (6.2) within 1week after breast surgery
and 16.5 (6.6) among the 44 participants with depression 1
year after breast surgery. MADRS scores were significantly
associated with personal and family histories of depression

Table 1. BDNF promoter methylation percentages by depression
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on both occasions, Associations of the log-transformed BDNF
methylation percentages with the MADRS scores at baseline
and follow-up are summarized in Table 3. After applying Bon-
ferroni corrections, baseline MADRS scores were significant-
ly associated with higher methylation percentage at CpG site
8 and 9 and with average methylation percentage after ad-
justing for personal and family histories of depression. Addi-
tionally, more severe MADRS scores at follow-up period
were significantly correlated with higher individual methyla-
tion percentages at CpG site 9 and a higher average methyla-
tion percentage in the same adjusted models. Scatter plots for
the associations between average BDNF methylation per-
centage and MADRS scores at both baseline and follow-up are
presented in Supplementary Figure 2 (in the online-only Data
Supplement).

Interaction between BDNF promoter methylation
status and genotype by depression status in patients
with breast cancer

Supplementary Table 2 (in the online-only Data Supple-
ment) presents the analysis of average BDNF promoter meth-

Within 1 week (N=309)

At 1 year (N=244)

Methylati N Ni
ety ation © . Depression ~ Statistical ~ Effect © . Depression ~ Statistical ~ Effect
site depression . ) p-value*  depression . . p-value*
(N=74)  coefficients  size (N=44)  coefficients  Size
(N=235) (N=200)
CpG1 13.3(1.9) 13.2(1.7) t=0.438 0.055 13.4(2.0) 13.3(1.6) t=0.169 0.055 0.866
CpG3 73.4 (4.0) 73.6(63.3) t=-0.378 -0.004 733(42) 740(29) t=-1.038 -0.194 0.301
CpG5 33.7 (6.5) 34.3 (5.5) t=-0.727 -0.010 334(6.3) 359(84) t=-2.294 -0.337 0.023
CpG7 50.0 (10.5) 50.0(11.8)  t=-0.028 0 49.6 (11.4) 503(11.1) t=-0.334 -0.062 0.738
CpG 8 22.4(19.8) 26.2(234) t=-1.389 -0.175 23.2(22.1) 272(19.3) t=-1.101 -0.193 0.272
CpG9 20.8(22.3) 31.2(27.8) t=-3.286 -0.412 21.0(22.7) 342(275) t=-3.356 -0.524 0.0017
CpGaverage 356(59) 38.1(7.6)  t=-2.947  -0.367 35.7(62) 392(74)  t=-3257  -0513  0.001f

*p-value using t-tests, Tstatistically significant after Bonferroni’s correction. BDNF: brain-derived neurotrophic factor, CpG: cytosines in cyto-

sine-guanine

Table 2. Multi-varitate analyses of examining the individual effects of BDNF methylation percentages on depression

Within 1 week (N=309)

At 1 year (N=244)

Methylation site

Wald OR (95% CI) Wald OR (95% CI)
CpGl 0.051 0.98 (0.85-1.14) 0.001 1.00 (0.83-1.19)
CpG3 0.022 1.01 (0.94-1.08) 0.871 1.04 (0.96-1.13)
CpG5 0.142 1.01 (0.97-1.05) 3.612 1.05 (1.00-1.10)
CpG7 0.003 1.00 (0.98-1.03) 0.121 1.01 (0.98-1.04)
CpG8 1.482 1.01 (1.00-1.02) 0.818 1.01 (0.99-1.02)
CpG9 7.481 1.02 (1.01-1.03)**1 7.252 1.02 (1.01-1.03)**t
CpG average 6.050 1.05 (1.01-1.10)* 7.152 1.07 (1.02-1.13)%*+

All analyses are adjusted for personal and family history of depression, and BDNF genotype. *p-value<0.05, **p-value<0.01, Tstatistically sig-
nificant after Bonferroni’s correction. BDNF: brain-derived neurotrophic factor, CpG: cytosines in cytosine-guanine
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Table 3. Linear regression analyses of the associations between log-transformed BDNF promoter methylation percentages (CpGs) and

scores on Montgomery-Asberg Depression Rating Scale

Within 1 week (N=73)

At 1 year (N=44)

B (95% CI) p-value B (95% CI) p-value
CpGl1 +0.01 (-0.82, +0.84) 0.975 +0.93 (-0.40, +2.27) 0.166
CpG3 +0.15 (-0.27, +0.57) 0473 +0.36 (-0.36, +1.09) 0.315
CpG5 +0.15 (-0.12, +0.42) 0.266 +0.24 (-0.01, +0.47) 0.052
CpG7 -0.06 (-0.19, +0.06) 0.267 +0.04 (-0.15, +0.23) 0.666
CpG8 +0.10 (+0.04, +0.15) 0.001* +0.10 (+0.01, +0.21) 0.048
CpG9 +0.08 (+0.03, +0.13) 0.003t +0.12 (+0.06, +0.19) 0.001
CpG average +0.32 (+0.15, +0.49) <0.0017 +0.48 (+0.24, +0.72) <0.001

All analyses are adjusted for personal and family histories of depression. Tstatistically significant after Bonferronis correction. BDNF: brain-

derived neurotrophic factor

ylation and methylation at each CpG site by BDNF genotype.
No significant association was observed between BDNF pro-
moter methylation and genotype. The interactive effects of
BDNF methylation percentages and genotype on depression
status among patients with breast cancer were estimated in
the adjusted multivariate logistic regression model, which is
summarized in Supplementary Table 3 (in the online-only
Data Supplement). No significant interactive effects were
found for any combination of BDNF CpG site methylation
percentage and genotype after applying the Bonferroni cor-
rection.

Results after excluding participants with a personal
history of depression and antidepressants treatment

All analyses were repeated after excluding the participants
with a personal history of depression (n=285 with one week
and n=226 at one year). However, the results were not changed
substantially (data not shown). Two of 309 participants were
receiving antidepressants at baseline, and two of 241 partici-
pants were receiving them at follow up. Repeated analyses
excluding these participants showed no substantial changes
(data not shown).

DISCUSSION

The principal findings of this longitudinal study of a breast
cancer cohort were that higher BDNF promoter methylation
status was significantly associated with depression diagnosis
at both 1 week and 1 year after breast surgery. Moreover, at
both time points, higher BDNF promoter methylation status
was more prominently associated with more severe depres-
sive symptoms in those with depression. This association was
independent of potential covariates such as personal or fami-
ly history of depression and/or BDNF genotype. No signifi-
cant methylation-genotype interactions were found.

Interpretations of our findings should be made in the con-
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text of several considerations concerning study design. First,
the blood samples used to determine BDNF status were ob-
tained within 1 week after breast surgery rather than at the
time of cancer diagnosis. Thus, it was difficult to discern
whether BDNF promoter methylation interacted with diag-
nosis in terms of its power to predict the development of sub-
sequent depression. However, it has been reported that epi-
genetic status of particular genes such as DNA methylation is
life-long.* Second, our study did not include a control group
of breast cancer patients who did not undergo surgery nor did
we evaluate other post-surgery life stressors. Therefore, it was
difficult to determine whether the depression was specifically
precipitated by breast cancer or whether the DNA methylation
differences were specifically related to breast cancer patients.
However, analyses excluding those with a personal history of
depression did not yield substantially different results.

Given these considerations, we can conclude that BDNF
promoter methylation status was significantly associated with
depression after breast cancer surgery A growing body of ev-
idence suggests that epigenetic mechanisms, especially DNA
methylation, play an important role in susceptibility to de-
pression.”>*"** Epigenetic factor provides an explanation of
the risk factors,”* 323536
ponses associated with depression.”” However, few studies have
examined epigenetic mechanisms involved in depression that

clinical features, and treatment res-

is precipitated by medical conditions, except with regard to
stroke” and systemic lupus erythematosus.™

There are several possible explanations for the significant
association between BDNF methylation status and depres-
sion in patients with breast cancer. First, consistent with pre-
vious findings,”’ BDNF release may be decreased in individ-
uals with higher methylation percentages. BDNF provides
necessary trophic support and is critical in regulating struc-
tural and synaptic plasticity and in modulating neurotrans-
mission.>* Thus, deficits in neural maintenance and reduced
neural plasticity associated with decreased BDNF release may



result in impaired ability to adapt to stressful situations, such
as breast cancer diagnosis and treatment; this may, in turn,
account for the higher risk of depression diagnosis and more
severe symptoms. Our findings are consistent with those of a
recent study reporting a significant association between BDNF
promoter methylation status and post-stroke depression,*
which gives epidemiological support for this biological mech-
anism. Our findings are also consistent with reports of a sig-
nificant association between the BDNF met allele, which is
related to reduced activity-dependent secretion of BDNE'
and depression among patients with breast cancer;' they are
also consistent with data on the prevalence of major depres-
sive disorder and the treatment response associated with this
condition.**** Second, BDNF appears to influence serotonin
transmission. Recent evidence suggests that BDNF has a di-
rect influence on serotonergic transmission in humans.*
Therefore, decreased BDNF due to higher methylation may
result in decreased serotonergic function, which has been
linked to depression diagnosis and its severity.

It is noteworthy that the association of higher BDNF meth-
ylation status with depression and its severity was significant
at both 1 week and 1 year after breast surgery. This finding
supports the assumption that genetic predispositions are im-
portant in the etiology of depression precipitated by medical
conditions. Our finding is in keeping with recent studies on
the relationship between methylation status, such as that of
BDNF and SLC6A4, and post-stroke depression, which have
consistently reported an association between higher methyl-
ation status and depression, although the strength of these
associations differs slightly according to the time elapsed af-
ter stroke.”*** However, it is not known whether the influence
of BDNF methylation differs according to the time elapsed
after breast surgery, and this issue may require further re-
search. Taken together, these findings suggest that higher
BDNF promoter methylation status may be a biological mark-
er of depression in patients with breast cancer, at least at 1
week and 1 year after breast surgery.

Although the BDNF val66met polymorphism was signifi-
cantly associated with depression at both 1 week and 1 year
after breast surgery, we found no significant associations be-
tween methylation and genotype and no methylation-geno-
type interactions in our sample. This finding is consistent with
our recent study on the relationship between BDNF methyla-
tion and post-stroke depression, which similarly found no in-
teraction between BDNF methylation and its genotype.*
However, other previous research on the association between
SLC6A4 methylation and depression found that SLC6A4
methylation status was dependent on its genotype and con-
sequently had interactive effects on depression.****** Consid-
ering these results, further research on the relationship be-
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tween BDNF methylation and genotype should be conducted
in a broader range of populations.

Our study has several strengths in addition to its being the
first to report on associations between BDNF methylation sta-
tus and depression related to breast cancer. First, depression
was formally identified using a structured diagnostic inter-
view, and it was evaluated at similar time points (at 1 week and
1 year after breast surgery) in all participants. As the etiology
of depression may differ according to the time elapsed after
diagnosis of breast cancer,* this particular study design en-
abled a more accurate investigation with fewer risks of errors
arising from heterogeneous examination times. Second, a
range of covariates were considered in the analyses, and the
follow-up rate was reasonable, and participation in the fol-
low-up examination was unrelated to the risk factors of in-
terest. Finally, participants were consecutively enrolled from
among all patients with a diagnosis of breast cancer who were
undergoing breast surgery at the study hospital, which re-
sulted in a lower likelihood of selection bias and increased
the potential generalizability of the results.

The present study also has several limitations. First, due to
resource constraints, the methylation status for only one CpG
island of the BDNF gene could be investigated. The methyla-
tion status for this single island is only a part of the whole gene,
and this may have biased associations toward the null, thus
obscuring true group differences. However, such a measure-
ment error would not account for the observed associations.
Studies of other CpG islands for this gene, of other genes, and
of genome-wide DNA methylation are clearly indicated. Sec-
ond, the BDNF methylation levels were tested using periph-
eral blood rather than using brain tissue. As the BDNF pro-
moter methylation profile may be tissue-specific, it represents
only weak evidence for a correlation between peripheral meth-
ylation patterns and those seen in the CNS. Furthermore,
different patterns of methylation can be observed across CNS
regions.” However, there is increasing evidence that epimu-
tation may not be limited to the affected tissue but can also be
detected in peripheral blood.” Therefore, our results should be
interpreted carefully because they may not provide a direct
index of BDNF methylation in the CNS and may not repre-
sent synaptic plasticity or neuronal maintenance. Moreover,
the functional status of BDNE, such as mRNA expression or
BDNF level in the plasma and CNS were not investigated,
which may have detracted from our analysis of the interac-
tion between BDNF methylation status and expression Third,
it has been reported that promoter methylation is affected by
various drug regimens and by a history of abuse during
childhood. In our study, data on drug regimen and history of
early childhood adversities were not evaluated. However, as
stated, we believe that this is the first study in this area and
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therefore provides an important basis for further, more ex-
tensive research.

In conclusion, breast cancer patients with higher BDNF
promoter methylation status were more susceptible to de-
pression at 1 week and at 1 year after breast surgery. Consider-
ing the higher morbidity associated with depression in breast
cancer, it is possible that more careful evaluation and man-
agement are indicated for those with increased genetic vul-
nerability. A BDNF methylation test may be a useful tool for
identifying those at high risk for depression related to breast
cancer, as this approach is non-invasive and simple if more
evident associations on the methylation status between CNS
and blood will be found in the future studies. Additionally,
given that DNA methylation status is potentially reversible
by treatment with pharmacological agents,” development of
a new drug that regulates DNA promoter methylation may
be helpful for improving the treatment of suicidal ideation in
patients with depression.”>* We believe that our study repre-
sents an important first step in elucidating the role of epigen-
etic mechanisms in the etiology of depression in breast cancer
and that it serves as a foundation for future research.
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The online-only Data Supplement is available with this ar-
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