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Introduction
Although evidence has shown a heightened risk of illness in the siblings of patients
with depression, the heritability of depression was estimated to be only one-third.1
Cross-generational transmission of gene sequence information does not seem to explain
all the etiology or susceptibility of depression. Some environmental factors, including
early trauma, daily life stressors, and acquired substance abuse, may play some role
in the development of depression. Epigenetic regulation, concerning mechanisms that
regulate gene expression beyond the gene sequence, has been proposed to explain the
gene–environment interaction in the susceptibility to depression.2
A significant effect in maternal behavior has been found on the methylation of a
glucocorticoid receptor gene promoter in the offspring. The change in the methylation
level can result in altered hypothalamic–pituitary–adrenal response to stress, and these
changes can be reversed by giving histone deacetylase inhibitors. 3 This provided
strong evidence showing that an epigenetic state of a gene can be established through
behavioral programming. In parallel, it was also found that childhood maltreatment
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Background: Evidence has supported a role of DNA methylation in the pathophysiology of
mood disorders. The purpose of the current study is to examine 5-methylcytosine (5-mc) and
5-hydroxymethylcytosine (5-hmc) levels in patients with major depressive disorder (MDD) at
different disease states.
Methods: Forty-nine patients with MDD and 25 healthy control subjects were included. The
severity in the disease was assessed by using the 17-item Hamilton Rating Scale of Depression
(HAM-D) (HAM-D 19 for severe MDD and HAM-D 7 for remitted MDD). The 5-mc
and 5-hmc levels in leukocyte DNA were measured using an enzyme-linked immunosorbent
assay-based method.
Results: We found a significant decrease in 5-hmc and trends of decreasing 5-mc levels in
patients with severe MDD compared to healthy controls (P=0.059 for 5-mc and P=0.013 for
5-hmc). The decrease in the level exists only in the older age group (P=0.035 for 5-mc and
P=0.002 for 5-hmc) but not in the younger age group (P=0.077 for 5-mc and P=0.620 for
5-hmc). In addition, the 5-mc level was found to be inversely correlated with disease severity
(P=0.011).
Conclusion: Our results support a decrease in global DNA methylation associated with age in
patients with severe depression. Further studies are needed to clarify the role of the methylation
level as a disease marker of depression and whether antidepressant treatment changes the
methylation profiles.
Keywords: 5-methylcytosine, 5-hydroxymethylcytosine, antidepressant, mood disorder, gene
modification, epigenetic
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resulted in hypermethylation of a glucocorticoid receptor
gene (NR3C1) promoter, across patients with various psychiatric diagnoses.4 In addition, the severity, the number, and the
type of maltreatments positively correlated with the level of
methylation.4 Recently, Jiao et al found that the modification
of methylation levels of α-calcitonin-gene-related peptide
promoter can induce or reduce the depression-like behaviors.5
In spite of the evidence of the relationship between methylation profiles and depression in animal models, there is still
limited evidence showing the change of methylation levels
in clinical subjects with depression.6–9 The contribution of
epigenetic mechanisms, including gene methylation and
histone modifications, on the pathogenesis of depression has
been extensively reviewed elsewhere.10,11
Methylation of the 5-position of cytosine base into
5-methylcytosine (5-mc) in DNA, catalyzed by DNA
methyltransferase (DNMT), is one of the major epigenetic
processes in eukaryotes.12 The 5-mc was believed to exert a
silencing effect on DNA transcription through accumulation
of mutation.12 However, there is still some inconsistency
about the physiologic role of 5-mc in gene transcription.
For example, it has been shown that the presence of 5-mc at
nonpromoter CpG islands is important for the maintenance
of the active chromatic state critical for neurogenesis. 13
On the other hand, 5-hydroxymethylcytosine (5-hmc) is a
product of conversion from 5-mc catalyzed by the ten–eleven
translocation 1 (TET1) 5-mc oxidase.14 The 5-hmc is believed
to have lower affinity to the methyl-CpG binding domain of
methyl-CpG binding protein 2 (MeCP2),15 which can recruit
cytosine methyltransferases, histone deacetylases, and other
chromatin remodeling proteins. Therefore, 5-hmc can initiate
the epigenetic regulation, such as histone methylation and
deacetylation.16–18 Also, conversion from 5-mc to 5-hmc
prevents the DNMT1 methylation process of targeted
cytosine;19 hence, facilitating passive DNA demethylation
by interfering with the maintenance role of DNMT1.14 In
summary, 5-hmc may hinder 5-mc-targeted repression of
gene transcription, and may play a role in potentiating gene
regulation.20 When looking at neuronal function, it was also
recently found out that neuronal TET1 enzyme regulates
normal DNA methylation levels, expression of activityregulated genes, hippocampal long-term depression, and
memory extinction.21
Many clinical studies have found decreased 5-hmc levels in many types of cancer cells.22–24 For example, it has
been shown that the loss of 5-hmc levels is associated with
increased melanoma virulence, whereas rebuilding the 5-hmc
landscape in melanoma cells by reintroducing active TET2
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suppresses melanoma growth and increases tumor-free survival in animal models.25 However, there are only a few
reports mentioning the 5-hmc or 5-mc expression in the
nervous system. Recently, it was found that aging decreased
mouse mitochondrial DNA 5-hmc levels in the frontal cortex,
but not 5-mc levels.26 In another study, global hippocampal
5-hmc content was seen to increase during aging in the
absence of 5-mc decrease.27 So far, there are only a few published studies examining 5-mc levels in patients with depression. Nagy et al recently found differentially methylated
regions of DNA in astrocytes of prefrontal cortex between
depressive cases and control subjects, whereas the majority
of those regions displayed reduced levels in the methylation
levels in patients.28 Davies et al reported an investigation on
the methylation levels in the whole blood of monozygotic
twins, which found significant hypermethylation within the
coding region of ZBTB20 in patients with a major depressive
disorder (MDD).29 However, no study examining the 5-hmc
level has been published so far.
In this study, we examine the levels of global gene
methylation in peripheral leukocytes in patients with clinical
depression. The goal of the study is to compare the levels of
5-mc and 5-hmc in patients with MDDs with different disease
states with those of healthy control subjects.

Material and methods
Subjects
Subjects were recruited following the protocol described in
Figure 1. Inpatients or outpatients meeting the Diagnostic
and Statistical Manual of Mental Disorders 4th edition text
revision (DSM-IV-TR) criteria of MDD were consecutively
recruited. The diagnosis was conducted by a well-trained
psychiatrist (Y Lee or P-Y Lin) using the Structured Clinical Interview for DSM-IV (SCID-IV). The subject recruitment process was similar to that described in our previous
study.30 The 83 recruited MDD patients were next screened
by the following criteria: 1) age between 20 years and
70 years; 2) 17-item Hamilton Rating Scale for Depression
(HAM-D) 19 or 7; 3) no major systemic disease, head
trauma, cancer, or neurological disorder; and 4) no history
of dementia, delirium, or substance or alcohol abuse. In the
inclusion criteria of the MDD subjects, we defined those with
HAM-D 7 as remitted depression according to the criteria
used in the reports by Dunner et al31 and Arnold et al.32 On the
other hand, because there are inconsistent criteria for active
or severe depression in Asian subjects (eg, HAM-D 15
in one report from Korea,33 and HAM-D 17 in one report
from China),34 we chose the criteria of HAM-D score as 19
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83 patients meeting DSM-IV-TR MDD
diagnosis were recruited

132 healthy control subjects recruited from
a general health examination center

Inclusion criteria

Inclusion criteria

1. Age between 20 and 70
2. 17-item HAM-D ≥19 or ≤7 over 6 months
3. No major systemic disease, head trauma,
or neurological disorder
4. No history of dementia, delirium,
or substance or alcohol abuse

1. Age between 20 and 70
2. CHQ <4
3. No history of psychiatric disorders, suicide
attempt, substance or alcohol abuse
4. No major systemic disease, head trauma,
neurological disorder, dementia, or delirium

49 patients met the inclusion criteria

46 subjects met the inclusion criteria

HAM-D
≤7

HAM-D
≥19
24 patients with
severe MDD

25 patients with
remitted MDD

Randomly
chosen to match
age and sex
of the patient
groups
25 healthy controls included

Figure 1 Subject recruitment procedure in current study.
Abbreviations: CHQ, Chinese Health Questionnaire; DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders 4th edition text revision; HAM-D, Hamilton Rating
Scale for Depression; MDD, major depressive disorder.

for the severe MDDs according to our previous report.30
Healthy control subjects were recruited from a general
health examination center and screened using the following
inclusion criteria: 1) age between 20 years and 70 years; 2)
12-item Chinese Health Questionnaire (CHQ) 4; and 3) no
history of psychiatric disorders, suicide attempts, substance
or alcohol abuse, major systemic disease (including metabolic diseases), head trauma, cancer, neurological disorder,
dementia, or delirium. The CHQ was designed for identification of minor psychiatric disorders in both community and
hospital subjects.35 Its sensitivity and specificity could reach
as high as 0.78 and 0.77, respectively, with optimal cutoff
point for the best compromise between high sensitivity and a
low false-positive rate as 3/4.36 We excluded control subjects
with CHQ score higher than 3. Next, all the healthy controls
meeting the criteria were randomly chosen to match age and
sex of the MDD patients group. All the subjects included
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in our study were of Han Chinese origin. This study was
approved by the Institutional Review Board of Chang Gung
Memorial Hospital, and informed consent was obtained from
each participant. Finally, 74 subjects (25 healthy control
subjects, 24 severe MDD patients, and 25 remitted MDD
patients) were included in our study.
In our subclassification system of MDD patients, the
drug-free patients were defined as those not receiving any
psychotropic agents for at least 3 months. Treatment-resistant
depression (TRD) was defined by the criteria as MDD with
poor response to two adequate trials of different classes of
antidepressants.37 In order to compare the effect on genome
methylation, we transformed the antidepressant dosage into
imipramine equivalents and antipsychotic dosage into chlor
promazine equivalents according to previous reports.38,39
It had been shown that 5-mc in leukocytes decreased
with age.40,41 Furthermore, one previous study had shown
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that there was a sex-specific negative correlation between
the level of 5-mc and age.42 To examine the age-associated
difference in 5-mc and 5-hmc, we divided all the subjects
according to their age, as in our previous study.30 Then we
coded them as younger-age severe MDD patients subgroup
(YSPS) and younger-age remitted MDD patients subgroup
(YRPS) with equal to or below 35 years of age, middle-aged
severe MDD patients subgroup (MSPS) and middle-aged
remitted MDD patients subgroup (MRPS) with 36–50 years,
and older severe MDD patients subgroup (OSPS) and older
remitted MDD patients subgroup (ORPS) with over 50 years.
Similarly, young healthy control subgroup (YHS), middleaged healthy control subgroup (MHS), and older healthy
control subgroups (OHS) were subdivided in the same age
ranges. In addition, moderating effect by sex of the patients
on 5-mc and 5-hmc levels was also examined.

Blood sample preparation and 5-mc
and 5-hmc analysis
Genomic DNA was extracted from peripheral leukocytes
by using a commercial kit (QIAGEN, Valencia, CA, USA).
MethylFlash™ methylated DNA quantification kit and
MethylFlash™ hydroxymethylated DNA quantification kit
(Epigentek, Farmingdale, NY, USA) were used to measure
the percentage of 5-mc and 5-hmc, respectively. Both are
enzyme-linked immunosorbent assay-based colorimetric
assays. The procedures were performed according to the
protocols provided by the manufacturer. All assays were
conducted in duplicate. Average 5-mc and 5-hmc of the
duplicates were used in subsequent analyses.

Statistical analysis

Continuous variables were presented as means ± standard
deviation (SD). All the statistical analyses were performed
by using the Statistical Package for the Social Sciences
(SPSS) version 11.0 for Windows. A P-value 0.05 was
considered to be significant. The chi-squared analysis was
performed on categorical data. We used a two-tailed t-test or
analysis of variance (ANOVA) with Scheffe post hoc test to
compare continuous variables. We also tested the correlation
between 5-mc and 5-hmc levels, and these levels with some
factors, such as age, illness duration, illness onset, education,
body mass index (BMI), HAM-D scores, chlorpromazine
equivalents, and imipramine equivalents, by the Pearson
correlation test.
We compared 5-mc and 5-hmc levels between MDD
patients and healthy subjects with the same age (eg, YSPS/
YRPS vs YHS) by using a two-tailed t-test. Also, ANOVA
with Scheffe post hoc test was used to compare 5-mc and
5-hmc levels in the three age groups in patients and healthy
controls. We also performed two-tailed t-tests to compare
5-mc and 5-hmc levels between MDD patients with first
episode and MDD patients with recurrent episodes, and also
between TRD and non-TRD patients.

Results
Demographic data and clinical variables
A summary of the demographic data and clinical characteristics of our research subjects is shown in Table 1. There
was no significant difference in sex distribution (P=0.104),
age (P=0.614), or BMI (P=0.579) among healthy controls,

Table 1 Demographic and clinical characteristics of subjects included in current study

Sex proportion (% of females)
Age (years)
Years of education (years)
BMI (kg/m2)
Onset of illness (years)
Duration of illness (months)
HAM-D
Imipramine equivalence (mg)
Chlorpromazine equivalence (mg)
Previous suicide history (%)
Family history of psychiatric disorder (%)
Family history of suicidal behavior (%)
5-methylcytosine (%)
5-hydroxymethylcytosine (%)

Healthy controls
(n=25)

Severe MDD patients
(n=24)

Remitted MDD patients
(n=25)

P-value

44.0
48.3±11.1
14.6±3.3
23.8±3.7
NA
NA
NA
NA
NA
NA
NA
NA
1.45±0.61
2.05±1.02

70.8
45.9±11.5
10.2±4.1
24.6±3.6
35.8±12.2
100.8±101.1
25.5±4.4
120.1±43.9
247.6±191.3
50.0
45.8
20.8
1.15±0.32
1.44±0.49

64.0
49.2±13.2
9.4±5.2
23.5±4.2
43.7±12.7
66.2±53.1
3.0±2.1
126.0±55.8
51.7±31.4
16.0
32.0
20.0
1.35±0.31
1.45±0.45

0.104a
0.614b
0.001b
0.579b
0.031c
0.152c
0.001c
0.736c
0.035c
0.025a
0.484a
0.777a
0.053b
0.004b

Notes: Data are shown as mean ± standard deviation. aChi-square test. bOne-way ANOVA test. cIndependent-sample t-test.
Abbreviations: BMI, body mass index; HAM-D, Hamilton Depression Rating Scale; MDD, major depressive disorder; NA, not applicable.
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severe MDD patients, and remitted MDD patients. There
was also no significant difference in duration of illness
(P=0.152), imipramine equivalence (P=0.736), family
history with psychiatric disorders (P=0.484), and family
suicide history (P=0.777) between remitted and severe MDD
groups. However, the healthy controls had significantly more
“years of education” than the two patient groups (compared
with severe MDD, P=0.003; compared with remitted MDD,
P0.001). The patients with severe MDD had significantly
earlier illness onset (P=0.031) and significantly more chlor
promazine equivalence (P=0.035) than the patients with
remitted MDD. There were nine drug-free patients in the
severe MDD but only one in the remitted MDD group. In
addition, there were seven first-episode MDD patients in the
severe MDD and ten in the remitted MDD group. All six
TRD patients were in the severe MDD group.

the two patient groups in both 5-mc and 5-hmc (P=0.266 and
P=0.998, respectively).

Effects of age on the levels of 5-mc
and 5-hmc levels
The number of subjects in each group is as follows: four
in the YHS, five in the YSPS, and five in the YRPS; ten in
the MHS, ten in the MSPS, nine in the MRPS; eleven in the
OHS, nine in the OSPS, and eleven in the ORPS. We would
like to clarify the effects of disease status on 5-mc and 5-hmc
levels in different age groups. We found significantly higher
5-mc levels in the OHS than in the OSPS (1.68%±0.47% in
OHS, 1.19%±0.34% in OSPS, P=0.035) but not with the
ORPS (1.29%±0.35% in ORPS, P=0.090). Between OSPS
and ORPS, there was also no significant difference (P=0.846)
(Figure 3A). For 5-hmc levels, similarly, we found significant
higher levels in OHS than in OSPS and ORPS (2.52%±0.76%
in OHS, 1.45%±0.53% in OSPS, 1.37%±0.49% in ORPS;
P=0.002 in OHS vs OSPS and P=0.001 in OHS vs ORPS,
but P=0.962 in OSPS vs ORPS) (Figure 3B). However, all
these findings were not found in the middle-aged comparison
(MHS, MSPS, and MRPS, P=0.211 for 5-mc and P=0.363
in 5-hmc) or the younger-aged comparison (YHS, YSPS,
and YRPS, P=0.077 for 5-mc and P=0.620 in 5-hmc) (data
not shown).
In addition, in order to clarify the relationship of 5-mc
and 5-hmc with age, we compared the levels among the three
age groups in healthy controls, in the severe MDD group,
and in the remitted MDD group. Trends of increasing in
5-mc (0.84%±0.44%, 1.44%±0.66%, and 1.68%±0.47%
in YHS, MHS, and OHS, respectively, P=0.052 in YHS vs
OHS) but no significant change in 5-hmc (1.29%±0.84%,
1.84%±1.16%, and 2.52%±0.76% in YHS, MHS, and OHS,

5-mc and 5-hmc levels in healthy controls,
severe MDD patients, and remitted
MDD patients
The 5-mc and 5-hmc levels in healthy controls, severe MDD
patients, and remitted MDD patients are presented in Table 1,
with a significant difference found for 5-hmc (F=6.092, df=2,
P=0.004) levels among three groups and a trend of difference
found for 5-mc (F=3.058, df=2, P=0.053) levels among three
groups (Table 1). In the post hoc test, the level of 5-mc in
patients with severe MDD had trends of lower level than controls (P=0.059), but there was no difference between control
subjects and remitted MDD patients (P=0.731) (Figure 2A).
The level of 5-hmc in healthy controls was significantly
higher than in both patients with severe MDD (P=0.013)
and patients with remitted MDD (P=0.014) (Figure 2B).
However, we did not find any significant difference between

A

B
2

*
1

0

Male

Female

Total

Percentage of 5-hmc

Percentage of 5-mc
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3

** *

2

Controls
Severe MDD
Remitted MDD

1

0

Male

Female

Total

Figure 2 (A) 5-methylcytosine (5-mc) and (B) 5-hydroxymethylcytosine (5-hmc) levels in patients with severe major depressive disorder (MDD), remitted MDD, and healthy
controls, divided by sex (n=30 in males and n=44 in females).
Notes: The error bars are shown as standard deviations. The asterisks express significant difference from controls. *P0.05, and **P0.01.
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A

B
Percentage of 5-hmc

Percentage of 5-mc

2

*
1

0

Young

Middle age

3
Controls
Severe MDD
Remitted MDD
1
0

Old

** **

2

Young

Middle age

Old

Figure 3 (A) 5-methylcytosine (5-mc) and (B) 5-hydroxymethylcytosine (5-hmc) levels in patients with severe major depressive disorder (MDD), remitted MDD, and healthy
controls, in different age groups (n=14 for younger group, n=29 for middle-age group, and n=31 for older age group).
Notes: Stratification of age groups are as follows: equal to or below 35 years of age, between 36 years and 50 years, and over 50 years. The error bars are shown as standard
deviations. The asterisks denote significant difference from controls. *P0.05 and **P0.01.

Correlation between 5-mc and 5-hmc
levels and other clinical variables
We found no correlation between 5-mc and 5-hmc levels and
age (P=0.133 and 0.386, respectively), illness onset (P=0.243
and 0.650, respectively), illness duration (P=0.131 and
0.305, respectively), years of education (P=0.311 and 0.088,

A

respectively), or BMI (P=0.254 and 0.979, respectively).
However, there was a significant correlation between 5-mc
and 5-hmc levels (r=0.804, P0.001).

Relationship between 5-mc and 5-hmc levels
and HAM-D scores
There was a significant inverse correlation between 5-mc
level and HAM-D scores (r=-0.360, P=0.011) (Figure 4A),
but not in 5-hmc level (r=-0.058, P=0.690) (Figure 4B).

Relationship between 5-mc and 5-hmc levels
and psychotropic agents
We evaluated the effect of psychotropic agents on 5-mc and
5-hmc levels by comparing these levels between patients
with or without such agents and examining the correlation

B
2.00
1.50

1.00
0.50
0.00

10.00

20.00

30.00

HAM-D scores

5-hydroxylmethylcytosine (%)

respectively, P=0.111 in YHS vs OHS) level with increased
age were found in control subjects. But the increase did
not appear in the severe MDD or remitted MDD patient
subgroups comparison (for 5-mc: P=0.791 and 0.707,
respectively; for 5-hmC: P=0.948 and 0.381, respectively).
These findings indicate that depressive disorder may impede
natural increase during aging in 5-mc; but these findings
could not be applied in 5-hmc levels.

5-methylcytosine (%)
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2.00

1.00

0.00
0.00

10.00

20.00

HAM-D scores

30.00

Figure 4 Scatterplots of the correlation between (A) 5-methylcytosine (5-mc) levels, and (B) 5-hydroxymethylcytosine (5-hmc) levels and the severity of depressive
symptoms shown as HAM-D.
Notes: Pearson’s correlation r=-0.360, P=0.011 for 5-mc and r=-0.058, P=0.690 for 5-hmc.
Abbreviation: HAM-D, Hamilton Depression Rating Scale.
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between the levels and imipramine or chlorpromazine
equivalent of psychotropic agents used by patients. We
found a significantly higher 5-mc level in drug-free patients
(1.33%±0.18%) than medicated patients (1.04%±0.35%)
with severe MDD (P=0.031). However, there was no
significant difference in 5-hmc levels between drug-free
and medicated patients (P=0.897). There was no significant
correlation between 5-mc and 5-hmc levels and imipramine
equivalent (P=0.992 and 0.725, respectively) or chlorpromazine equivalent (P=0.972 and 0.912, respectively).

Comparison of 5-mc and 5-hmc levels
between first episode and recurrent
MDD patients
There were 17 first-episode MDD patients included in our
study (seven in the severe MDD and ten in the remitted MDD
group) and 32 patients with recurrent episodes (17 in severe
and 15 in remitted MDD group). There was no significant
difference in the 5-mc and 5-hmc levels between patients
with first episode and with recurrent episodes, in either
severe (df=22, P=0.359 for 5-mc; df=22, P=0.753 for 5-hmc)
or remitted (df=23, P=0.688 for 5-mc; df=23, P=0.610 for
5-hmc) MDD group.

Comparison of 5-mc and 5-hmc levels
between TRD and non-TRD patients
There were six TRD patients in our study, all in the severe
MDD group. We compared the 5-mc and 5-hmc levels
between TRD and non-TRD patients with severe MDD. We
found a decreasing trend in 5-mc (0.84%±0.48% in TRD,
1.25%±0.17% in non-TRD, df=22, P=0.092) and 5-hmc
(1.14%±0.59% in TRD, 1.53%±0.43% in non-TRD, df=22,
P=0.090) levels in TRD patients, compared to the non-TRD
severe patient group.

Comparison of 5-mc and 5-hmc levels
in different sexes
We examined the 5-mc and 5-hmc levels between the two
sex subgroups in the different disease groups (male: n=14, 9,
and 7 in healthy controls, remitted MDD, and severe MDD
groups, respectively; female: n=11, 16, and 17 in healthy controls, remitted MDD, and severe MDD groups, respectively)
and found a significant difference in 5-hmc levels of the
severe MDD groups only (male: 1.76%±0.26% and female:
1.30%±0.51%, df=22, P=0.008) but not in the other groups
(data not shown). To exclude the effect by disease state on
5-hmc, we examined the HAM-D scores between these two
sex groups but found no significant difference (P=0.471).

Neuropsychiatric Disease and Treatment 2014:10

Decreased DNA methylation in MDD

Discussion
In our study, we found significantly lower levels of 5-hmc
and a trend of lower levels of 5-mc in peripheral leukocytes
in patients with severe MDD than in healthy controls. However, no difference was found between patients with severe
MDD and remitted patients. In addition, we also found a
significant negative correlation between 5-mc level and the
severity of depression. To our knowledge, this is the first
report directly examining global methylation levels in different status of depression. Fuchikami et al had examined the
DNA methylation profiles of the brain-derived neurotrophic
factors (BDNF) gene in peripheral blood of patients with
MDD. They found that the methylation profiles of CpG I of
the BDNF gene might be a candidate diagnostic biomarker
for MDD.8 In our current study, we emphasized the difference
of global methylation levels in patients with different disease
status of MDD. However, there were still some confounding
factors in our study, which might influence the epigenetic
profiles. For instance, the chlorpromazine equivalent was
significantly higher in the severe MDD patient group than
that in the remitted MDD patient group. Haloperidol, a typical antipsychotic drug, had been shown to induce epigenetic
changes on peripheral leukocytes in a sex-dependent manner,
namely, slightly decreased methyl cytosine in male rats and
increased methyl cytosine in female rats.43 In addition, the
education level was significant higher in the healthy control
group than in the two patient groups. This may have resulted
from the fact that our healthy controls were recruited from
the self-paid general health examination center and may have
higher socioeconomic status. In spite of those confounding
factors, our study still suggests that 5-mc and 5-hmc might
be the disease state biomarker of MDD.
Similar findings have been discussed in other psychiatric diseases. Shimabukuro et al had tested the methylation profiles of peripheral leukocyte DNA in patients with
schizophrenia and found that there was a sex-dependent
difference, with higher levels in methylated deoxycytidine
content in males than in females. Also, there was a tendency
toward lower methylated deoxycytidine content in patients
than in healthy control subjects.42 However, the conclusion
of hypomethylation in peripheral leukocytes of patients with
schizophrenia is inconclusive. Bromberg et al found no difference in peripheral leukocyte methylation profile between
patients with schizophrenia and healthy controls.44 Recently,
one methylome-wide association study found some candidate sites of methylation in blood samples in patients with
schizophrenia.45 Similar abnormal methylation profiles were
also found by Kinoshita et al.46 Indeed, our results partially

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

2111

Dovepress

Neuropsychiatric Disease and Treatment downloaded from https://www.dovepress.com/ by 3.92.96.236 on 07-May-2021
For personal use only.

Tseng et al

agreed with the sex-dependent difference of methylation
profile found in the study by Shimabukuro et al42; however,
there were significantly higher 5-hmc levels in men than
in women, but not in 5-mc levels. This discrepancy might
have been due to the different tools of detecting the methylation profiles and the different disease entities. In another
study, Bromberg et al found that there was no difference in
the methylation profiles of peripheral leukocytes between
euthymic bipolar patients and healthy controls.47 In addition,
studies have shown changes in global methylation levels by
smoking48 and childhood maltreatment.4,49 These controversial results have suggested the importance in taking demographic and clinical variables into account when evaluating
the feasibility of using epigenetic profiles in peripheral blood
as biomarkers in psychiatric disorders.
In addition, we found a gradual increase in 5-mc levels
during the aging process only in healthy controls, but not in
severe or remitted MDD patients. In parallel, the significant
difference of 5-mc levels between the healthy controls and
MDD patients in our study existed only in the older subjects
but not in the middle or younger age group. As reported by
Gryzinska et al50 global methylation was found to increase
with aging in a chicken model. Similarly, in the reports by
Drinkwater et al and Golbus et al40,41 reduced DNA methylation level was detected in aging human leukocytes or T cells
in an in vitro model. Increased methylation in the white matter of the brain of aged rhesus monkeys was also reported.51
Meanwhile, there is more and more evidence indicating
increased methylation during aging, which might be, at
least partially, caused by oxidative stress.52,53 These findings
indicate that loss of genomic methylation may be involved in
aging process. In parallel, Ben-Avraham et al reported that
there was an increase in the total number of altered methylation sites with increasing age.54 Together with our findings,
it might suggest that the MDD disease has the effect of
diminishing or even erasing the trend of increasing methylation levels in the normal aging process. The diminishing or
erasing effect might be stronger in patients with more severe
depression, as evidenced by an inverse correlation between
the HAM-D score and the leukocyte 5-mc level. However,
more specifically designed studies are required to explore
the relationship between DNA methylation and the normal
aging process, and to confirm whether depression itself or
psychotropic agents diminish the decrease in DNA methylation. On the contrary, there were no significantly different
changes of the 5-hmc with aging in our study. Also, in another
report using an animal model by Chen et al the 5-hmc in the
mouse hippocampus significantly increased during aging.27
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However, this result remains controversial. Decreased 5-hmc
in the brain of mice during aging was found by Dzitoyeva
et al.26 Therefore, we still need more evidence to clarify the
trend of changes of 5-hmc during aging.
Moreover, we found significantly lower 5-hmc levels
in patients with MDD than in healthy controls in our study.
The 5-hmc is mainly found in the gene bodies of highly
transcribed genes,55 or as playing a decisive role in the
self-renewal process of embryonic stem cells.56 In clinical
aspects, the 5-hmc was also found to be decreased in some
cancers and had progressively lower levels along with the
degree of malignancy.20,25 However, because of the lack
of direct evidence showing any correlation of methylation
levels between the peripheral environment and the central
nervous system (CNS), we could not infer whether the lower
levels of 5-hmc in the peripheral leukocytes of patients with
depression could reflect the level in the CNS.
Some limitations need to be considered when interpreting
our results. First, it is a cross-sectional study with a small
sample size, and therefore, it is difficult to infer whether the
methylation level will change during antidepressant treatment. Second, we did not take into account the risk factors
of depression in our study, such as childhood maltreatment,
recent life stressors, environmental factors, interactive
effects of psychotropic drugs, and even nutritional status.
Indeed, some of those factors have been shown to regulate
methylation profiles.4,43,57,58 As mentioned above, there is a
significant difference in chlorpromazine equivalents between
the severe and remitted MDD patient subgroups. Indeed, this
might have some effect on the methylation profile, not only
by the directed effect on methylating process but also by the
increasing lifetime of drug exposure due to the longer illness
duration in severe MDD patients. However, because this is a
cross-sectional study, we could not make sure the long-term
drug compliance and the trends of effect on methylation by
psychotropic drug use. Third, the patients of the severe MDD
group recruited in our study had lower HAM-D scores than in
previous studies. Actually, in studies conducted in the West,
moderate MDD and severe MDD are generally defined as
those with HAM-D scores of “between 18 and 25” and “not
exceeding 25”, separately.59,60 In addition, in our study, we
could find out the impact of the disease severity on the 5-mc
levels only as an inverse correlation. Hence, the relatively
lower disease severity of MDD in our study might illustrate
some effect on our results. Fourth, there is insufficient evidence showing any correlation between the peripheral and
CNS methylation levels. It is difficult to determine whether
any change in the methylation profile in peripheral leukocytes
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reflects that in CNS neurons. Further studies are needed to
examine whether peripheral global methylation levels can
be an age-associated biomarker of depression.
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Conclusion
In summary, although we found a decrease in global DNA
methylation in older patients with depression compared to
healthy controls, this can possibly be explained by the fact that
the normal increase in 5-mc and 5-hmc levels during aging is
diminished or erased in depression. Also, the 5-mc level has
an inverse correlation with depression severity in patients with
MDD. It will be important to examine the role of the methylation
level as a disease marker of depression and whether effective
antidepressant treatment changes the methylation profiles.
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