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Purpose: It is suggested that increased methylation of the brain-derived neurotrophic factor

(BDNF) gene is involved in the pathogenesis of depression, while sociotropy and autonomy

are proposed as personality vulnerability factors in cognitive model of depression. We

examined the interrelation between BDNF gene methylation and sociotropy or autonomy,

with taking into account the previously reported deleterious effect of parental overprotection

on sociotropy.

Materials and Methods: The participants consisted of 90 healthy Japanese volunteers.

Methylation levels of the BDNF gene in peripheral blood were quantified by bisulfite

pyrosequencing. Sociotropy and autonomy were assessed by the Sociotropy-Autonomy

Scale, and perceived parental protection was evaluated by the Parental Bonding Instrument.

Results: In Pearson’s correlation analysis, there was a positive correlation between methyla-

tion levels of the BDNF gene and sociotropy scores (p<0.05) but not autonomy scores, and

a positive correlation between maternal protection scores and sociotropy scores (p<0.05). In

structural equation modeling, two models were proposed; the first one is that hypermethyla-

tion of the BDNF gene and maternal overprotection independently contribute to high socio-

tropy, and the second one is that maternal overprotection contributes to high sociotropy

which then leads to hypermethylation of the BDNF gene.

Conclusion: The present study suggests an interrelation between increased BDNF gene

methylation and high sociotropy.
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Introduction
Brain-derived neurotrophic factor (BDNF) is a member of the neurotrophin family

which plays an important role in survival of neurons, neural differentiation, and

synaptic plasticity.1 Studies using BDNF transgenic mice and human subjects

genotyped for the Val66Met BDNF gene polymorphism show that disruption of

BDNF activity is related to impaired neurocognitive function, altered sensitivity to

stress, and several stress-related psychiatric disorders such as depression, anxiety,

and posttraumatic stress disorder.2,3 A meta-analysis shows that blood levels of

BDNF are decreased in patients with major depressive disorder.4

DNA methylation is one of the mechanisms causing changes in gene function

without modifications of the DNA sequence.5,6 It is demonstrated that an increase
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in BDNF gene methylation induces decreased synthesis of

BDNF in neurons.7 This epigenetic mechanism is influ-

enced by various environmental and life style factors.5,6

A recent study shows increased methylation of the BDNF

gene accompanied by decreased BDNF secretion in the

brain of suicide subjects.8 An extensive review of cross-

sectional studies indicates that methylation of the BDNF

gene is higher in depressed patients than in controls.9

Longitudinal studies suggest that high methylation of the

BDNF gene is a risk factor for depression after stroke, in

breast cancer and in late life.10–12 These studies suggest

that increased BDNF gene methylation causing decreased

BDNF secretion is involved in the pathogenesis of

depression.

In the Beck’s cognitive theory, two personality styles

named sociotropy and autonomy, each of which consists of

a cluster of negative self-schemas, predispose to depres-

sion after experiencing stressful events.13,14 The sociotro-

pic individuals have self-schemas involved in

interpersonal closeness, acceptance, and approval from

others, and they are sensitive to events perceived as an

interpersonal loss such as separation, rejection, and disap-

proval. The autonomic individuals have self-schemas

involved in accomplishment, independence, and self-

control, and they are susceptible to events perceived as

a failure to accomplish and a loss of independence or self-

control. This diathesis-stress model of depression has been

confirmed by cross-sectional and prospective studies.15–17

The discussions so far made on BDNF gene methyla-

tion and sociotropy/autonomy suggest a relationship

between the two factors, which is likely to be involved

in the pathogenesis of depression. As BDNF activity mod-

ulates various aspects of mental function including neuro-

cognition and stress sensitivity,2,3 it is not surprising if

methylation of the BDNF gene causing altered BDNF

activity7 affects the formation of these personality vulner-

abilities in cognitive theory. In fact, we recently found out

that elevated BDNF gene methylation produces high

neuroticism,18 another personality vulnerability factor for

depression.19 Neuroticism is a dimension in the five-factor

personality model derived from factor analysis of person-

ality adjectives in dictionaries and questionnaires, assum-

ing that they cover all meaningful personality

descriptions.19,20 Sociotropy/autonomy and neuroticism

correlate to each other,21 but they stand on different per-

sonality theories as mentioned above, postulate different

core features, ie, negative cognition in the former13,14

while negative emotionality in the latter,19,20 also the

former refers to coping and interpersonal styles more

than the latter does.22 If methylation of the BDNF gene

is involved in personality vulnerabilities proposed in dif-

ferent theories and in different aspects of personality con-

struct, it further supports the implication of this epigenetic

mechanism in the pathogenesis of depression, especially in

the formation of premorbid personalities.

Therefore, the purpose of the present study was to

examine the relationship between methylation of the

BDNF gene and sociotropy/autonomy. The merits of this

study were, firstly, bidirectional relationships between the

two factors were examined and, secondly, the previously

reported deleterious effect of parental overprotection on

sociotropy was taken into account.23

Materials and Methods
Participants
The participants were 90 Japanese volunteers. They were free

from severe physical diseases, and from Axis I psychiatric

disorders according to the Diagnostic and StatisticalManual of

Mental Disorders-IV.24 Their mean±SD of age was 22.4±0.6

years. Forty-four were males and 46 were females. None of

them participated in our previous study revealing the harmful

effect of maternal overprotection on sociotropy.23 All methods

of the present study followed the Declaration of Helsinki, and

conformed to the principles of medical ethics. The Ethics

Committee of Yamagata University School of Medicine

approved the protocol. All participants received a complete

explanation of the present study and provided written

informed consent.

Analysis of BDNF Gene Methylation
Venous bloodwas collected from the participants, and genomic

DNAwas extracted using a QIAampDNABloodKit (Qiagen,

Tokyo, Japan). Since DNA methylation levels in peripheral

blood are highly correlated with those in brain tissues,25 the

present study used BDNF gene methylation in leukocytes as

a proxy of that in brain tissue. The human BDNF gene has 11

exons and 9 promoters,26 and previous studies have examined

the relationship between methylation levels in several promo-

ter regions and psychiatric disorders.8,27 One of them shows

that the promoter IV region of the BDNF gene has the cAMP

response element-binding protein (CREB)-binding site and

that methylation of this region affects CREB binding and

consequent transcription.28 Furthermore, Kundakovic et al.

(2015) show that high methylation of the 2 CpG sites in this

region reduces BDNF expression.28 Thus, the present study
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focused on the 2 CpG sites in the promoter IV of the BDNF

gene.

The coordinates of the target region are Chr11: 27,723,-

159–27,723,246 (University of California, Santa Cruz

Genome Browser, Human February 2009, GRCh37/hg19)

(Figure 1). Methylation levels of the BDNF gene were ana-

lyzed through EpigenDx (Worchester, MA, USA), a company

specializing in genomic methylation assays, with the assay ID

ADS221-FS2re. EpigenDx performed bisulfite conversion

using the EZ DNA Methylation Kit (Zymo Research, Inc.,

CA), PCR amplification and pyrosequencing on the PSQ96

HS System (Pyrosequencing, Qiagen). The methylation status

of eachCpG sitewas determined individually as an artificial C/

T SNP using QCpG software (Pyrosequencing, Qiagen).

A methylation level of each CpG site was calculated as the

percentage of the methylated alleles divided by the sum of

methylated and unmethylated alleles. The present study used

the mean of methylation levels of the 2 CpG sites in statistical

analyses.

Assessment of Personality Traits and

Parental Protection
Assessment of sociotropy and autonomy was performed by

the Japanese version of the Sociotropy-Autonomy Scale,29

which was kindly supplied by Dr Yutaka Ono. The Japanese

version is shown to have high reliability and validity.30 The

values of Cronbach’s alphas for sociotropy and autonomy

subscales in the present data were 0.89 and 0.84, respec-

tively. Perceived protection of parents was evaluated by the

Japanese version of the Parental Bonding Instrument.31,32

The Japanese version is demonstrated to have high reliability

and validity.31 The values of Cronbach’s alphas for paternal

protection and maternal protection in the present data were

0.85 and 0.87, respectively.

Statistical Analyses
The statistical tests used were Pearson’s correlation analysis

and structural equation modeling. The statistical software

packages used were SPSS 22 and AMOS 22 (IBM Japan,

Tokyo, Japan). In structural equation modeling, several mod-

els were constructed using BDNF gene methylation levels,

sociotropy and autonomy scores, and paternal and maternal

protection scores. Goodness-of-Fit-Index (GFI) >0.95,

Adjusted GFI (AGFI) >0.90, Comparative Fit Index (CFI)

>0.97, and Root Mean Square Error of Approximation

(RMSEA) <0.05 were adopted as the criteria for good fit.33

A p value < 0.05 was considered to be statistically significant.

Figure 1 Detailed sequence of the target region in the promoter IV of the BDNF gene.

Notes: The target region is located on the coordinates Chr11: 27,723,159–27,723,246 (University of California, Santa Cruz Genome Browser, Human February 2009,

GRCh37/hg19). The CpG sites highlighted were analyzed by pyrosequencing.

Abbreviations: BDNF, brain-derived neurotrophic factor; CREB, cAMP response element binding protein.

Table 1 BDNF Gene Methylation Levels, Sociotropy and Autonomy Scores, Paternal and Maternal Protection Scores, and Pearson’s

Correlation Coefficients Among Them

BDNF Gene Methylation Sociotropy Autonomy Paternal Protection Means SD

1. BDNF gene methylation 1.26 0.83

2. Sociotropy 0.232* 59.5 14.8

3. Autonomy 0.193 0.161 56.1 13.2

4. Paternal protection 0.139 0.097 0.117 10.5 6.6

5. Maternal protection 0.103 0.240* 0.018 0.412** 11.9 6.6

Notes: *p<0.05, **p<0.01.
Abbreviations: BDNF, brain-derived neurotrophic factor; SD, standard deviation.
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In the present study, corrections for multiple testing were not

applied because of the exploratory nature of the investigation.

Results
Table 1 shows BDNF gene methylation levels, sociotropy

and autonomy scores, paternal and maternal protection

scores, and Pearson’s correlation coefficients among them.

A positive correlation was found between BDNF gene

methylation levels and sociotropy scores (r=0.232, p<0.05)

but not autonomy scores (r=0.193, n.s.). Sociotropy scores

were positively correlated with maternal protection (r=0.240,

p<0.05) but not with paternal protection (r=0.097, n.s.).

Autonomy scores were not correlated with any variables.

In structural equation modeling, only two out of several

models showed good fit. Figure 2 shows the first model with

good fit (GFI=0.989, AGFI=0.963, CFI=1.000 and

RMSEA=0.000). High methylation levels of the BDNF gene

(standardized path coefficient =0.21, p<0.05) and high mater-

nal protection scores (standardized path coefficient =0.22,

p<0.05) independently contributed to high sociotropy scores.

None of the paths for autonomy was significant.

Figure 3 shows the second model with good fit

(GFI=0.993, AGFI=0.976, CFI=1.000 and RMSEA=0.000).

Highmaternal protection scores contributed to high sociotropy

scores (standardized path coefficient =0.24, p<0.05) which

then led to high methylation levels of the BDNF gene

Figure 2 The first structural equation model using BDNF gene methylation, sociotropy and autonomy, and paternal and maternal protection with good fit.

Notes: The figures on the single-headed arrows indicate standardized path coefficients (p<0.05), and that on the double-headed arrow indicate a correlation coefficient

(p<0.001). The figures on the corners of outcome variables indicate R2.

Abbreviation: BDNF, brain-derived neurotrophic factor.

Figure 3 The second structural equation model using BDNF gene methylation, sociotropy and autonomy, and paternal and maternal protection with good fit.

Notes: The figures on the single-headed arrows indicate standardized path coefficients (p<0.05), and that on the double-headed arrow indicate a correlation coefficient

(p<0.001). The figures on the corners of outcome variables indicate R2.

Abbreviation: BDNF, brain-derived neurotrophic factor.
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(standardized path coefficient =0.23, p<0.05). None of the

paths for autonomy was significant.

Discussion
First of all, the present study replicated our previous result

that maternal overprotection promotes formation of

sociotropy.23 To repeat the former interpretation of this

phenomenon,23 a child who grows up to be dependent

and immature under maternal overprotection is susceptible

to experience failures and feel one’s ineffectiveness in

society and to harbor negative self-images such as “being

helpless” and “being unworthy” (aka negative core beliefs

about the self in cognitive theory of depression), which

form the foundation of sociotropic schemas.34

The present study suggests two scenarios regarding inter-

relations among BDNF gene methylation, sociotropy and

maternal protection. The first one is that high methylation of

the BDNF gene and maternal overprotection independently

contribute to high sociotropy. One of the possible brain struc-

tures responsible for the formation of sociotropy is the hippo-

campus, which plays an important role in memory

contextualization and retrieval and evaluation of autobiogra-

phical information.35,36 According to Pruessner et al.37

reduced hippocampal volume leads to reduced abilities to

recall specific situations and environments when experiencing

failures or rejections, resulting in overgeneralized self-

perception of being a failure or rejected, ie, negative self-

images. It is shown that lower BDNF activity is associated

with small hippocampal volume and poor hippocampal-

dependent learning.38,39 Meanwhile, BDNF expression is

reduced in the hippocampus of suicide victims,40 and

increased methylation of the BDNF gene may be the under-

lying mechanism for this phenomenon.8 Taken together, high

methylation of the BDNF gene may contribute to high socio-

tropy by causing small hippocampal volume accompanied by

negative self-images, the foundation of sociotropic schemas.34

Notably, the effect of elevated BDNF gene methylation was

independent of that of maternal overprotection in the present

study. Also, maternal overprotection did not affect methylation

of the BDNF gene. These results suggest that environmental

and life style factors other than dysfunctional parenting, eg,

nutrition, physical activity, alcohol, pollutants, studying and

working habits,5,6 play important roles in increasing BDNF

gene methylation. Implication of negative interactions with

people other than parents, eg, siblings, classmates, colleagues,

partners, cannot be excluded either.

The second scenario is that maternal overprotection con-

tributes to high sociotropy which then contributes to high

methylation of the BDNF gene. It is possible that the behaviors

according to sociotropic schemas such as “It is important to be

liked and approved by others” elicit negative reactions from

others.13 In fact, a study shows that sociotropic persons are

prone to experience negative social interactions such as criti-

cism, ignorance and betrayal.41 Therefore, a sociotropic per-

son may undergo increases in BDNF gene methylation by

experiencing negative interpersonal events.

It is difficult to mention which of the two scenarios is more

plausible. However, in either case a vicious cycle between

hypermethylation of the BDNF gene and high sociotropy

leading to the marked decrease in BDNF secretion observed

in depression may be formed.4 In the former scenario once

high sociotropy is formed, it may further increase BDNF gene

methylation by creating interpersonal stresses,41 while in the

latter scenario once hypermethylation of the BDNF gene is

formed, it may further increase sociotropy by producing nega-

tive self-images through the hippocampal mechanism.37

Recently, we proposed a similar vicious cycle between high

methylation of the BDNF gene and high neuroticism,18

another personality vulnerability factor for depression.

In contrast to the result on sociotropy, there was no inter-

relation between BDNF gene methylation and autonomy.

There are two possible explanations for this result. Firstly,

epigenetic mechanisms other than DNA methylation regulat-

ing BDNF gene function, eg, histone modifications may be

related to autonomy.42 Secondly, epigenetics of other genes,

eg, glucocorticoid receptor gene may be associated with

autonomy.5,6 Apparently, these possibilities are worth testing

in future studies.

Our previous study suggests that increased BDNF gene

methylation is connected with neuroticism,18 which is most

characterized by negative emotionality.19,20 On the other hand,

the present study suggests that this epigenetic change is linked

with sociotropy, which is characterized by negative cognition

and problems in stress coping and interpersonal

relationships.13,14,22 Taken together, BDNF gene methylation

is likely to be involved in personality vulnerabilities with

different theoretical backgrounds and in broad aspects of per-

sonality construct. We propose that methylation of the BDNF

gene is deeply implicated in the pathogenesis of depression,

especially in the formation process of premorbid personalities.

As far as we know, this is the first study to examine the

relationship betweenmethylation of theBDNFgene and socio-

tropy. However, this study has several limitations. Firstly, our

subjects were too homogeneous, because they were all young

Japanese. Secondly, the sample size was comparatively small,

suggesting that a type II error is possible. Consequently, the
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present results cannot be applied directly to other age groups

and other ethnic groups. Thirdly, the present study did not

evaluate environmental factors such as current stress, stress

history, and trauma, which are shown to alter DNA methyla-

tion and BDNF gene polymorphism-dependent affective

dysregulation,6,43 suggesting that the relationship between

BDNF gene methylation and sociotropy/autonomy might be

obscured. Fourthly, the present study could not determine

which of the two scenarios presented was more plausible,

because of its cross-sectional nature. To clarify this point,

a longitudinal study examining changes in sociotropy scores

among subjects with different levels of BDNF gene methyla-

tion is warranted.

Conclusion
The present study suggests an interrelation between

increased BDNF gene methylation and high sociotropy,

which is likely to be implicated in the pathogenesis of

depression.
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