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1  |  INTRODUC TION

Depression is one of the 10 most common diseases worldwide, and 
it is estimated that it will become the second most common dis-
ease by 2030.1,2 Depressive patients are mainly characterized by 

depression, a decline in interest and fatigue, accompanied by varying 
degrees of impaired social function.1,2 Thus far, no specific genetic, 
biological, biochemical or neuropathological changes have been 
identified as objective biological indicators of depression.3 At pres-
ent, treatment of depression is mainly based on the empirical use of 
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Abstract
Background: Brain- derived neurotrophic factor (BDNF) is considered to be one of the 
best candidate genes for depression. However, whether sertraline treatment affects 
the methylation level of this gene remains unknown.
Methods: Fifty- three patients with depression and 51 healthy controls were included 
in the study. The methylation level of BDNF exon I was determined in blood samples 
from these subjects. The Hamilton Depression Scale was used to evaluate the de-
pression status of patients. Single nucleotide polymorphism detection was used for 
genotyping, and a receiver operating characteristic (ROC) curve was used to evaluate 
the predictive value of the methylation level of this locus in patients with depression.
Results: There was a significant difference in the methylation level of BDNF exon I 
between the control and depression groups. No effect of sertraline monotherapy on 
BDNF methylation was found in subjects with depression. Moreover, no interaction 
was found between BDNF genotype and the per cent methylation of BDNF exon I. 
However, methylation at this site was positively correlated with diurnal variation and 
retardation scores. Blood homocysteine concentrations were significantly reduced by 
sertraline treatment. No influence of genotype on serum BDNF concentration was 
found in subjects with depression. The ROC curve showed that methylation of BDNF 
exon I may be used to distinguish patients from healthy people, to a certain extent.
Conclusion: Methylation of BDNF exon I may be used as a biomarker of depression 
and may be a therapeutic target for previously untreated depression.
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antidepressants to control the main symptoms. However, there is 
insufficient evidence to prove that different antidepressants have 
significant differences in efficacy. In addition, depression, like many 
diseases, often has obvious individual treatment differences due 
to heterogeneity in age, depression type and genetic background.4 
Exploring the aetiological mechanism and specific disease indicators 
of depression to further optimize diagnosis and identify new targets 
for antidepressants is very important for the future diagnosis and 
treatment of depression.

Early genetic studies found a significant relationship between 
genetic factors and the pathogenesis of depression.5 Previous 
studies have shown that there may be a large number of depres-
sion susceptibility loci in humans.6 In recent years, with the devel-
opment of molecular genetic techniques, these susceptibility genes 
have been found to be involved in a variety of cellular metabolic 
pathways and neurotransmitter transmission pathways, and their 
corresponding variations may be involved in the occurrence and 
development of disease by causing abnormal levels of neurotrans-
mitters (5- hydroxytryptamine, norepinephrine, monoamine oxidase 
inhibitors) in the brain and even brain pathology and structure in pa-
tients with depression.7,8 Brain- derived neurotrophic factor (BDNF), 
a member of the neurotrophic factor family, is considered to be one 
of the best candidate genes for depression.9 It can stimulate and 
promote the growth and differentiation of nerve cells, maintain their 
survival and normal function and prevent neuronal death.10

DNA methylation is a common mechanism of epigenetic regu-
lation and has been found to be involved in the pathophysiological 
mechanism of depression. DNA methylation refers to the selective 
addition of a methyl group (- CH3) to the cytosine nucleotide of CpG 
sites in DNA to form 5 -́ CH3 cytosine.11,12 The methylation status 
of functional genes can lead to the silencing of gene expression and 
can be inherited.12 The effects of diet, genetic variation, social and 
psychological stimulation and environmental chemicals can lead to 
changes in the level of gene methylation, which can lead to a variety 
of mental illnesses, including depression.13– 15 The methylation level 
of some BDNF gene regions has been found to be associated with 
certain phenotypes of depression.8,9,16

A single nucleotide polymorphism (SNP) mainly refers to a single 
nucleotide variation at the genome level, due to the insertion, dele-
tion or substitution of a base.17 SNPs may lead to disorders through 
changes in protein function and thus may provide some reference 
for genetic disease mechanisms.17 Based on this, some scholars be-
lieve that BDNF gene polymorphisms may be closely associated with 
depression.18 For example, Lee et al. found that the Val/Met and 
Met/Met genotypes of the Val66Met polymorphism are associated 
with 1.67 times and 2.58 times the risk of depression, respectively, 
compared with the Val/Val genotype.18 In addition, Pei et al.19 found 
that Met allele carriers have a higher risk of senile depression. These 
studies confirmed that BDNF polymorphisms affect BDNF protein 
expression and that the Met allele is a risk factor for depression. 
However, Duncan et al.20 found that the Val/Val genotype is associ-
ated with a higher risk of depression. Moreover, some studies have 
shown that the Val66Met polymorphism of the BDNF gene has no 

obvious relationship with depression.21,22 The inconsistencies of 
the above results indicate that gene polymorphisms may also be af-
fected by other genetic or environmental factors. Epigenetic regu-
lation of the BDNF gene is thought to be affected by environmental 
factors. Methylation is one of the most common epigenetic regula-
tory mechanisms of the BDNF gene.

The mechanism involved in the response of BDNF to different 
antidepressants is unknown. More in- depth exploration of the rela-
tionship between antidepressants and BDNF will help us to explore 
the aetiological mechanism of depression and develop improved 
treatments. Sertraline is a 5- hydroxytryptamine (5- HT) reuptake 
inhibitor commonly used as an antidepressant in the clinic. In this 
study, sertraline- treated patients with depression were selected as 
the case group, and age-  and gender- matched healthy adults were 
selected as the control group. Genotypes at the rs7103411 locus of 
BDNF were assessed. Sequencing was used to compare the methyl-
ation level of exon I of BDNF between the case and control groups 
and explore the correlations between the methylation level and ser-
traline use, genotype and clinical symptoms of depression to identify 
epigenetic markers that may facilitate diagnosis and antidepressant 
treatment guidance.

2  |  MATERIAL S AND METHODS

2.1  |  Subjects

Fifty- three patients with depression (27 males and 26 females), includ-
ing outpatients and inpatients, were recruited from December 2015 to 
July 2019 from Ningbo Kangning Hospital. Healthy subjects (25 males 
and 26 females) with no family history of mental illness and no major 
physical disease who were willing to participate in this study were re-
cruited from among healthy volunteers at Ningbo Kangning Hospital 
from April 2016 to July 2019. The patients with depression ranged in 
age from 18 to 68 years, with an average age of 47.41 years. Patients 
were included if they (i) were first- episode, drug- free depressive pa-
tients who voluntarily gave informed consent to participate in this 
study; (ii) were diagnosed with depressive disorder according to the 
diagnostic criteria of the International Classification of Diseases- 10; 
(iii) had a Hamilton Depression Scale (HAMD) score greater than or 
equal to 18; (iv) were independently diagnosed with depression by 
two senior professional psychiatrists; (v) had no history of chronic 
disease or severe physical disease; (vi) had no history of electrocon-
vulsive therapy; (vii) had no history of psychoactive substance abuse; 
and (viii) were able to complete an assessment using the relevant scale. 
On the day before commencing sertraline treatment, whole blood 
samples were collected. A second blood sample was collected after 
4 weeks of sertraline monotherapy. The blood homocysteine (Hcy) of 
subjects was measured by Chemistry Analyzer (AU2700, Olympus) at 
the Clinical Chemistry Laboratory of Ningbo Kangning Hospital. All 
study procedures were performed in accordance with the Declaration 
of Helsinki and were approved by the Medical Ethics Committee of 
Ningbo Kangning Hospital.
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2.2  |  Collection of blood samples and 
determination of serum BDNF concentrations

After fasting, a 5 ml venous peripheral blood sample was collected from 
each patient with depression and centrifuged at 1500× g for 12 min. 
The supernatant was transferred to a new centrifuge tube, while 
avoiding the transfer of any cellular components. The serum samples 
and	blood	cellular	components	were	stored	at	−80°C.	Serum	BDNF	
concentrations were determined by enzyme- linked immunosorbent 
assay according to the manufacturer's instructions (Abcam). BDNF 
concentrations were measured before and after sertraline treatment.

2.3  |  Detection of methylation in exon I of the 
BDNF gene

The BDNF gene sequence was obtained from the UCSC Genome 
Browser (http://genome.ucsc.edu/). Genomic DNA was extracted 
from blood samples using a TIANamp Genomic DNA Kit (DP304) 
according to the manufacturer's instructions (Tiangen). The primers 
were designed using PyroMark Assay Design software (Qiagen). PCR 
was performed in a total volume of 10 μl, containing 1 μl of bisulphite- 
converted DNA, 3 μl of double- distilled (dd) H2O, 5 μl of enzyme and 
0.5 μl of each primer. The thermal cycling conditions were as fol-
lows:	95°C	for	10	min,	followed	by	45	cycles	of	95°C	for	20	s,	45°C	
for	20	s,	and	72°C	for	30	s,	followed	by	one	cycle	of	42°C	for	5	min	
(Eppendorf). Quantitative methylation- specific PCR (qMSP) was per-
formed in a total volume of 10 μl containing 5 μl of 2× SYBR Green 
I, 3.5 μl of ddH2O, 1 μl of DNA template and 0.25 μl of each primer.

2.4  |  BDNF genotyping at rs7103411

The literature was searched for relevant SNPs, and the polymor-
phic site, rs7103411, was selected from the dbSNP database of 
the National Center for Biotechnology Information. A MassARRAY 
system (Agena Bioscience) was used for SNP identification in 
this study. This technology uses matrix- assisted laser desorption 
ionization time- of- flight mass spectrometry. Mass spectrometry 
can be used to identify SNPs of interest, and the method is flex-
ible, with an accuracy greater than 99.7%. Moreover, this method 
does not require fluorescent labelling, which further reduces 
the cost. The primer sequences used for the identification of the 
BDNF polymorphism (rs7103411) were as follows: forward primer, 
5′-	GTAGTTTTCGTAGGATGAGGAAGC-	3′;	 reverse	 primer,	 5′-	AATA
TAAATTAACAACCCCGATACG-	3′.	The	amplification	products	were	
sequenced for SNP detection using the Sanger method.

2.5  |  Depression scale assessment

The HAMD scale is a classic rating scale for clinical depression. It 
is often used in parallel with other new scales to test their validity. 

It has good consistency, reflects the severity of clinical symptoms 
and has a moderate length and a clear operational evaluation 
standard. The most widely used version of this scale consists of 
24 items that are scored using a 5- point system with grades of 
0– 4. The total score reflects the severity of depression, and the 
evolution of the disease can be evaluated by monitoring changes 
in the total score. Factor analysis reflects the psychopathologi-
cal characteristics of patients with depression and the effect of 
treatment on symptoms of depression. In this study, 53 depres-
sive patients were selected for HAMD score evaluation, and their 
peripheral blood samples were taken for BDNF methylation detec-
tion. The patients were assessed once before sertraline treatment 
and once after sertraline treatment, corresponding to the times 
of blood sample collection. The assessments were administered 
by senior psychiatrists. The correlations between the scores for 
each factor and methylation status were analysed to explore the 
correlation between depressive symptoms and BDNF methylation 
before sertraline treatment.

2.6  |  Statistical analysis

Statistical Program for Social Sciences 17.0 software (IBM) was 
used for statistical analysis. After logarithmic transformation, the 
measurement data met the normality and homogeneity of variance 
requirements. Student's t test was used for comparisons between 
the two groups, and a one- way analysis of variance was used for 
comparisons between multiple groups. A chi- square test was used 
to compare categorical variables between groups. A receiver oper-
ating characteristic (ROC) curve was used to evaluate the specificity 
and effectiveness of methylation sites for diagnosing depression. A 
p value <0.05 was considered statistically significant.

3  |  RESULTS

Fifty- three cases and 51 normal controls were included in this 
study. The demographic characteristics of the participants are 
presented in Table 1. There were no significant differences in age, 
gender, educational level or frequency of smoking between the 
case and control groups. The HAMD score was significantly higher 
in the case group than the healthy control group before sertraline 
treatment. After sertraline treatment, the scores for both male 
and female patients significantly improved (Table 2). The sequence 
information of CpG sites in BDNF exon I and rs7103411 location 
was shown in Figure 1. There was a significant difference in the 
methylation level of BDNF exon I between the case and control 
groups before sertraline treatment (Figures 1 and 2). However, no 
significant difference was found in the methylation level of BDNF 
exon I before and after sertraline monotherapy in subjects with 
depression (Figure 2). We also explored the association between 
the per cent of BDNF exon I methylation and BDNF genotype in 
subjects with depression but found no interaction between these 

http://genome.ucsc.edu/
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factors (Table 3). Further analysis of the relationship between the 
24 symptom clusters of the HAMD scale and methylation showed 
that that methylation at this site was not significantly correlated 
with probing mood, feelings of guilt, suicide ideation or insomnia, 
but was positively correlated with diurnal variation and retardation 
scores (Figure 3).

Previous studies have shown that there is a correlation be-
tween homocysteine (Hcy) metabolism and methylation. In this 
study, blood Hcy concentrations were measured before and after 
sertraline treatment. The blood Hcy concentration was found 
to be significantly reduced by sertraline treatment (Figure 4). 
However, sertraline treatment had no significant effect on the 
serum BDNF concentration in subjects with depression (Table 4). 
There was also no significant difference in the serum BDNF con-
centration according to gender (Table 4). Subjects with depres-
sion were divided into three groups according to BDNF genotype 
(CC, CT and TT) to investigate the influence of genotype on the 
serum BDNF concentration. The results showed that there were 
no significant differences in the BDNF concentration between the 
three genotypes before or after sertraline treatment (Table 5). 
ROC curve analysis showed that the level of BDNF exon I methyl-
ation before sertraline treatment had good specificity and accu-
racy for distinguishing between patients and healthy individuals 
(Figure 5).

4  |  DISCUSSION

Depression is a common chronic mental disorder that has high re-
currence and disability rates. However, the exact pathologic gene 
and mechanism associated with depression have not been identified. 
However, there are many relatively specific changes observed in pa-
tients with depression, especially in neurotransmitter levels. These 
changes are an important part of the disease mechanism. There is 
evidence that an early change in the plasma BDNF concentration, 
together with early disease progression, may be a predictive pe-
ripheral marker of treatment efficacy in patients with depression.23 
Further, studies have found that the peripheral blood BDNF concen-
tration is decreased in patients with depression but increases after 
antidepressant treatment.24,25 In this study, no significant differ-
ences in the serum BDNF concentration were found after sertraline 
treatment in subjects with depression.

TA B L E  1 Clinical	characteristics	of	subjects	with	depression	and	
healthy controls

Characteristics HC Depression
p 
value

Age (mean ± SD years) 46.32 ± 5.36 47.41 ± 6.31 ns

Gender (M/F)

Male 25 27 ns

Female 26 26

Education level

Primary school 11 10 ns

Middle school 30 29

Graduate/
postgraduate

10 14

BMI (kg/m2) 26.60 ± 3.26 25.16 ± 3.19 ns

Smoker/Nonsmoker 19/32 20/33 ns

HAMD−24	(±SD) 7.94 ± 1.82 23.65 ± 3.30 ***

Marital status

Single 8 9 ns

Married 35 38

Divorced/widowed 8 6

Occupation

Employee 41 41 ns

Housewife/
Unemployed

10 12

Location

Urban 35 37 ns

Rural 16 16

Abbreviation: ns, not significant.
*:p < 0.05; **p < 0.01;*** p < 0.001.

TA B L E  2 HAMD	scores	of	patients	with	depression	before	and	
after sertraline treatment

Item Pre- treatment Post- treatment
p 
value

Total 23.65 ± 3.30 5.92 ± 2.72 ***

Male 23.57 ± 2.48 6.36 ± 1.53 ***

Female 23.74 ± 3.35 5.46 ± 2.67 ***

Abbreviation: ns, not significant.
***p < 0.001.

F I G U R E  1 The	sequence	of	CpG	
sites in BDNF exon I from the UCSC 
genome browser and rs7103411 location 
information (Chr11: 27678578)
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SNPs in the BDNF gene are a common component of the genetic 
mechanism of depression. In China, rs6265 is the most frequently 
studied BDNF polymorphism. However, the results of studies in-
vestigating the aetiological mechanism of BDNF polymorphisms in 
depression have not been consistent. First, rs6265 and rs7103411 
polymorphisms in the BDNF gene are not associated with depres-
sion in the Chinese Han population,26 and this has been confirmed 
in other studies.27,28 However, studies from other countries have 
found that the rs6265 polymorphism of the BDNF gene is associated 
with depression. Hwang et al. studied this polymorphism in patients 
with senile depression and concluded that the polymorphism may 
be involved in the occurrence of depression.14 In addition, Strauss 
et al.29 found that childhood- onset depression is significantly as-
sociated with the T allele of rs7103411. To determine whether the 
T allele of rs7103411 is involved in modifying BDNF gene methyl-
ation in patients with depression in the Ningbo area, we selected 
rs7103411 as the polymorphic site for this study. The results indi-
cated no significant difference in the methylation of BDNF among 
the CC, CT and TT genotypes in depressive patients. These results 
suggest that this BDNF gene polymorphism may not be a factor in-
fluencing BDNF gene methylation in the Han population. We note 

that rs7103411 is located outside the CpG island region, which may 
be one of the reasons for this result. In addition, studies have con-
firmed that the methylation level of BDNF changes after 8 weeks of 
antidepressant treatment.30– 32 In this study, BDNF methylation was 
assessed after 4 weeks of sertraline treatment. The potential asso-
ciation between methylation status and gene polymorphisms may 
need a longer period of antidepressant treatment to manifest, be-
cause gene polymorphisms are not the main factor affecting short- 
term antidepressant efficacy.

Compared with the effect of polymorphisms on gene stability, 
DNA methylation is more flexible in terms of regulating gene ex-
pression. Antidepressants may increase BDNF promoter methylation 
and perform divergent actions, compared with mood stabilizers.31,33 
Animal experiments have shown that the dynamic expression of 
BDNF is related to the methylation of CpG island dinucleotides in 
the mouse BDNF gene.34 A number of studies have shown that the 
concentration of BDNF in the peripheral blood is reduced in patients 
with depression, and animal experiments have shown that methyl-
ation of CpG in exon IV is significantly lower in the hippocampus, 
where BDNF is expressed at high levels, than in the cerebral cor-
tex and striatum, which have low levels of BDNF expression.26,34 
Previous studies have found that there is a significant internal cor-
relation between the methylation levels of exon I of the BDNF gene 
in the brain, peripheral blood and muscle tissue.27 The BDNF gene 
and 5- HT neurons can interact with each other, regulate each other 
and maintain a certain dynamic balance. Therefore, we hypothesize 
that methylation of the exon I region of BDNF may be a diagnos-
tic biomarker for depression and that sertraline is involved in the 
regulation of depression by affecting BDNF gene methylation. The 
results showed that there was a significant difference in the meth-
ylation level of BDNF exon I between the control and depression 

F I G U R E  2 Methylation	levels	of	BDNF exon I in healthy controls and subjects with depression. (A) The methylation level was significantly 
lower in patients with depression than in healthy controls. (B) No significant difference in the methylation level was found in subjects with 
depression before and after sertraline monotherapy. ns, not significant;*p < 0.05; **p < 0.01;*** p < 0.001

TA B L E  3 Methylation	level	of	BDNF according to genotype

Group

rs7103411

p valueCC CT TT

Total (%) 0.29 ± 0.12 0.39 ± 0.07 0.31 ± 0.15 ns

Male (%) 0.31 ± 0.15 0.36 ± 0.16 0.29 ± 0.10 ns

Female (%) 0.27 ± 0.16 0.40 ± 0.17 0.30 ± 0.09 ns

Abbreviation: ns, not significant.
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groups before treatment. This result is consistent with the results of 
a study of 20 depressive patients by Fuchikami et al.28 We further 
compared the methylation levels before and after sertraline treat-
ment in the depression group and found no significant difference. 
This result indicated that modification of BDNF methylation may not 
be the mechanism responsible for the antidepressant effect of ser-
traline and that baseline methylation levels cannot be used as a pre-
dictor of drug treatment efficacy during follow- up. However, some 
reports have suggested that the methylation of BDNF exon I may be 
a biomarker of the response to electroconvulsive therapy.29 We an-
alysed the correlation between the level of BDNF gene methylation 
and HAMD factor scores in the depression group before sertraline 
treatment. The results showed that diurnal variation and retarda-
tion scores were positively correlated with the methylation status 
of BDNF exon I. The ROC mode indicated that methylation at this 
site had a potential diagnostic value in the differential diagnosis of 
depression.

F I G U R E  3 Association	between	the	methylation	level	of	
BDNF exon I and HAMD factor scores in subjects with depression 
before sertraline treatment. (A) Correlation between BDNF exon I 
methylation and diurnal variation score in subjects with depression. 
(B) Correlation between BDNF exon I methylation and the 
retardation score in subjects with depression. ns, not significant; 
*p < 0.05; **p < 0.01; *** p < 0.001

F I G U R E  4 Homocysteine	concentrations	in	the	blood	of	
patients with depression before and after sertraline monotherapy 
(n = 53, **p < 0.01)

BDNF level (ng/ml) Mean value Male (n = 27) Female (n = 26)

Pre- treatment 305.20 ± 95.86 281.55 ± 37.38 329.76 ± 48.38

Post- treatment 296.94 ± 83.11 263.11 ± 26.04 332.07 ± 42.00

p value ns ns ns

Abbreviation: ns, not significant.

TA B L E  4 Serum	BDNF	concentrations	
in patients with depression before and 
after sertraline treatment

BDNF level (ng/ml)

rs7103411

CC (n = 18) CT (n = 19) TT (n = 16)

Pre- treatment 309.61 ± 48.46 305.96 ± 49.97 299.34 ± 18.25

Post- treatment 313.30 ± 31.85 296.24 ± 43.65 279.37 ± 31.15

p value ns ns ns

Abbreviation: ns, not significant.

TA B L E  5 Serum	BDNF	concentration	
according to BDNF genotype
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In this study, sertraline was selected as the treatment for de-
pression, but it did not yield the expected results. This may be be-
cause depression is a polygenic disease, and interactions between 
many genes may weaken the correlation between BDNF methylation 
and clinical drug efficacy. In addition, qMSP was selected as the se-
quencing method due to its advantages of convenience and cost- 
effectiveness. However, the accuracy of this method is relatively 
low compared with bisulphite sequencing PCR and high- throughput 
sequencing technology. Hcy participates in energy metabolism and 
is indispensable to the process of methylation. Studies have shown 
that Hcy can affect the overall and promoter- region methylation 
of genes involved in susceptibility to depression, thus participating 
in the regulation of depression.35 Serum Hcy concentrations are 
higher in individuals with depression than in healthy subjects.36 In 
this study, we found that the serum Hcy concentrations in patients 
with depression decreased significantly after sertraline treatment. 
However, we found no correlation between the Hcy concentration 
and BDNF methylation in further analysis. These results suggest that 
Hcy may not participate in the pathophysiological mechanism of de-
pression through methylation of the exon I region of BDNF.

5  |  CONCLUSIONS

In conclusion, this study found that the methylation level of exon I of 
the BDNF gene may be used as a marker for the diagnosis of depres-
sion and that methylation at this site is correlated with HAMD factor 
scores in subjects with depression. Sertraline treatment significantly 
reduced the Hcy concentration in patients with depression, but did 
not affect the methylation status of the exon I region of BDNF. This 
methylation site is a potential therapeutic target for previously un-
treated depression.
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