
March 2018 | Volume 9 | Article 1021

Original research
published: 27 March 2018

doi: 10.3389/fpsyt.2018.00102

Frontiers in Psychiatry | www.frontiersin.org

Edited by: 
Gianluca Serafini,  

Ospedale San Martino  
(IRCCS), Italy

Reviewed by: 
Yogesh Dwivedi,  

University of Alabama at  
Birmingham, United States  

Jianyou Guo,  
Institute of Psychology  

(CAS), China

*Correspondence:
Tuya Bao 

tuyab@263.net

Specialty section: 
This article was submitted to  
Mood and Anxiety Disorders,  

a section of the journal  
Frontiers in Psychiatry

Received: 27 October 2017
Accepted: 14 March 2018
Published: 27 March 2018

Citation: 
Jiang H, Zhang X, Lu J, Meng H, 

Sun Y, Yang X, Zhao B and Bao T 
(2018) Antidepressant-Like Effects of 

Acupuncture-Insights From DNA 
Methylation and Histone 

Modifications of Brain-Derived 
Neurotrophic Factor. 

Front. Psychiatry 9:102. 
doi: 10.3389/fpsyt.2018.00102

antidepressant-like effects of 
acupuncture-insights From Dna 
Methylation and histone 
Modifications of Brain-Derived 
neurotrophic Factor
Huili Jiang1,2, Xuhui Zhang1,2, Jun Lu1, Hong Meng3, Yang Sun1,2, Xinjing Yang1,2,  
Bingcong Zhao1,2 and Tuya Bao1,2*

1 School of Acupuncture-Moxibustion and Tuina, Beijing University of Chinese Medicine, Beijing, China, 2 Research Center of 
Mental and Neurological Disorders, School of Acupuncture-Moxibustion and Tuina, Beijing University of Chinese Medicine, 
Beijing, China, 3 School of Science, Beijing Technology and Business University, Beijing, China

Sensitive and stable biomarkers that facilitate depression detection and monitor the 
antidepressant efficiency are currently unavailable. Thus, the objective is to investigate 
the potential of DNA methylation and histone modifications of brain-derived neuro-
trophic factor (BDNF) in monitoring severity and antidepressive effects of acupuncture. 
The depression rat model was imitated by social isolation and chronic unpredicted 
mild stress (CUMS). The expression of serum BDNF was detected by enzyme-linked 
immunosorbent assay (ELISA), the hippocampal BDNF, acetylation levels in histone H3 
lysine 9 (acH3K9), and HDAC2 by Western blot, the hippocampal mRNA of BDNF by 
RT-polymerase chain reaction (PCR). The DNA methylation patterns of the promoter I of 
BDNF was detected by MS-PCR. We investigated that the expression of BDNF in serum 
and hippocampus were significantly downregulated compared with controls. The same 
trend was found in mRNA of BDNF. Notably, acupuncture reversed the downregulation 
of BDNF in serum and hippocampus and mRNA of BDNF compared with model group. 
Acupuncture reversed the CUMS-induced downregulation of hippocampal acH3K9. On 
the contrary, the CUMS-induced upregulation of hippocampal HDAC2 in model group 
was significantly reversed by acupuncture. Collectively, the antidepressant effect of 
acupuncture might be mediated by regulating the DNA methylation and histone modifi-
cations of BDNF, which may represent novel biomaker for detection of depression and 
monitoring severity and antidepressive effects.
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inTrODUcTiOn

Depression, one of the most prevalent psychiatric disorders, is considered to be one of the leading 
causes of disability (1, 2). Stress could trigger the behavioral and psychological modifications and 
induce the alterations of homeostasis and internal balance of the organism. Increasing evidence sug-
gests that chronic stress is one of the leading contributing factors in the development, maintenance, 
or exacerbation of depression (3–6). Data from clinical investigations and laboratory animals suggest 
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that the systemic perturbations of homeostasis could induce the 
dysfunction of abnormalities in regional brain activity (7, 8), 
impaired neurogenesis, and changes in synaptic function (9–12).

Currently, the precise molecular mechanisms responsible 
for the pathogenesis of depression remain to be not further 
clarified. However, extensive evidence has associated a variety 
of intracellular pathways and signal transduction cascades with 
the pathophysiology and treatment of depression. There is also 
preliminary evidence that depression is the result of a combined 
effect of stressful factors and genetic susceptibility (13–16). As 
already mentioned, chronic stress to genetically vulnerable 
individuals might induce the dysfunctions of neurogenesis and 
synaptic function, or a significant reduction of brain-derived 
neurotrophic factor (BDNF) expression (17, 18). BDNF, a mem-
ber of the neurotrophin family, has been considered to contribute 
to the nervous system development and function. And it has been 
identified that BDNF is involved in the pathogenesis of a wide 
range of psychiatric disorders, including depression (19, 20), 
schizophrenia, and anxiety disorder. Recently, it has been shown 
that BDNF is widely distributed throughout the mammalian 
brain, which includes the hippocampus, cerebral cortex, basal 
forebrain, limbic structures, and cerebellum, etc. Numerous 
studies have associated BDNF with reward-related processes, 
learning and memory, cognitive function, and circuit formation. 
Notably, data from clinical investigations and laboratory animals 
have provided compelling evidence that BDNF is involved in the 
pathogenesis of depression (19–21).

Recent evidence has identified that epigenetic mechanisms, 
including DNA methylation, histone modifications, and 
non-coding RNAs, are considered to be able to reliably dif-
ferentiate the stable and heritable characteristics of depression 
(22–24). Epigenetic mechanisms play an important role in the 
BDNF expression regulation. The preliminary investigation of 
epigenetic modification has been carried out focusing on DNA 
methylation. It has been shown that DNA methylation is the first 
described and the most investigated epigenetic modification (22). 
Of note, the DNA methylation level of BDNF is identified to be 
significantly important in monitoring the severity of symptoms 
as well as antidepressant effect (25–27). Previous studies have 
shed light on the potential possibility of the DNA methylation 
expression level as a biomarker of major depressive disorder 
(MDD) (28). It has been widely accepted that the DNA methyla-
tion level and the DNA methylation patterns of the promoter 
level could affect gene expression level. Data from subsequent 
investigation has verified a significantly upregulated methylation 
level of the analyzed region inside of BDNF promoter I as well 
as a significant decrease of BDNF expression in MDD patients. 
Other studies have investigated the expression level of DNA 
methylation of BDNF in treatment-resistant major depressive 
patients, and the different expression in the methylation level 
of BDNF promoter I has been investigated (29). During our 
previous studies, we have been focusing on investigating the 
clinical effects and mechanisms of acupuncture on depression. 
Our preliminary findings have indicated that acupuncture could 
reverse the stress-induced decrease of BDNF expression and 
exert antidepressant effect, which has also been supported by 
the data from clinical investigations. However, the epigenetic 

mechanisms underlying the antidepressant effect of acupunc-
ture by regulating the methylation level of the analyzed region 
inside of BDNF promoter I and BDNF expression have not been 
investigated in depth.

Accordingly, here we established the depression rat model 
imitated by social isolation and chronic unpredicted mild stress 
(CUMS) procedures and investigated the epigenetic mechanisms 
underlying the antidepressant effect of acupuncture by regulating 
the methylation level of the analyzed region inside of BDNF pro-
moter I and BDNF expression. The expression of serum BDNF 
was detected by enzyme-linked immunosorbent assay (ELISA), 
the hippocampal BDNF, acH3K9 and HDAC2 by Western blot 
(WB), the hippocampal mRNA of BDNF by RT-polymerase chain 
reaction (PCR). The DNA methylation patterns of the promoter 
I of BDNF was detected by MS-PCR. We aimed to elucidate the 
epigenetic mechanisms underlying the antidepressant effect of 
acupuncture and investigated the potential of DNA methylation 
and histone modifications of BDNF in monitoring severity of 
symptoms and antidepressant effect of acupuncture, which might 
shed new light on conceptual frameworks of prospects for new 
therapies in the treatment of depression.

MaTerials anD MeThODs

animals
Five-week-old male Sprague–Dawley rats, weighting (220 ± 20) 
g, were obtained from the Weitong Lihua Experimental Animal 
Center (Beijing, China). All rats were housed in a controlled 
environment of 23–26°C, 50 ± 10% humidity, and in quiet states. 
The rats had access ad libitum to standard rat chow and tap water. 
The rats exposed to CUMS were housed separately in different 
cages for social isolation and five animals per cage were housed 
for rats in the control group. All experimental procedures were 
in full observance of the International Association for the Use of 
Animals in Research, and approved by the Institute of Animal 
Care Committee of the Beijing University of Chinese Medicine 
(Permit No. Kj-dw-32-20151012).

experimental grouping
The body weight (BW), sucrose preference test (SPT), and open 
field test (OFT) were observed to guarantee the consistency of 
baseline characteristics before the experimental guidelines was 
implemented. Nine rats were excluded due to the inconsistent 
baseline characteristics. Thus, a total of 40 rats under the circum-
stance of similar baseline characteristics of BW, SPT, and OFT 
were enrolled in the final analysis. Rats were randomly assigned 
into control group, model group, fluoxetine group (FLX), and 
acupuncture group (Acu) (see Figure  1), with 10 rats in each 
group. Rats in model, fluoxetine, and acupuncture groups were 
subjected to social isolation and CUMS for 28  days excluding 
rats in control group. 30 min before CUMS procedure, rats in 
FLX group were administered with fluoxetine (1.8 mg/kg with 
the concentration of 0.18  mg/ml distilled water) by gavage 
(1  ml/100  g) once daily, for 28  days. And rats in acupuncture 
group were acupunctured at Baihui (GV 20) and Yintang (GV 
29) once daily, for 28 days.
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FigUre 1 | Experimental procedures. CUMS, chronic unpredicted mild stress; BDNF, brain-derived neurotrophic factor; acH3K9, acetylation levels in histone H3 
lysine 9; HDAC2, histone deacetylase 2; RT-polymerase chain reaction (PCR), reverse transcription-polymerase chain reaction; MS-qPCR, methylation-specific 
quantitative polymerase chain reaction; BW, body weight; SPT, sucrose preference test; OFT, open field test.

TaBle 1 | The chronic unpredicted mild stress procedure of applied stressors 
during 1 week.

Days Duration stressor

Day 1 5 min Ice water swimming at 4°C
Day 2 2 h Chronic restraint stress
Day 3 3 min Clip tail
Day 4 24 h Housing in a wet cage
Day 5 12 h Continuous overnight illumination
Day 6 24 h Water deprivation
Day 7 24 h Food deprivation
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reagents and antibodies
In this study, sucrose (Amresco; 20140319) was employed in the 
sucrose consumption test, and fluoxetine (Eli Lilly and Company, 
Suzhou 215021, China; 4126A) was used as the standard control 
for acupuncture. ELISA Kit of BDNF (BlueGene Biotech CO., 
LTD., China; E02B0029) was used to detect the expression of 
BDNF in serum. The antibodies and some reagents used for 
WB analysis included rabbit polyclonal anti-BDNF (LifeSpan 
BioSciences; LS-C343943), rabbit polyclonal anti-acH3K9 (Cell 
Signaling Technology; 9649S), mouse anti-HDAC2 (Cell Signaling 
Technology; 5113S), β-actin (Zhongshanjinqiao Biotechnology 
Co., Ltd., Beijing, China; TA-09), goat anti-rabbit IgG (Jackson; 
111-035-003), rabbit anti-H3 (Cell Signaling Technology, 4499S), 
ECL (Millipore; WBKLS0500), and bicinchoninic acid (BCA) 
protein assay kit (Cwbiotech; 02912E). Furthermore, the reagents 
used for RT-PCR and methylation-specific quantitative real-time 
PCR analysis included ultrapure RNA kit (Cwbiotech), HiFi-
MMLV Reverse Transcriptase (Cwbiotech), SYBR Green PCR 
Mixture (Cwbiotech), and Dnase I (Cwbiotech), etc.

induction of cUMs
The rat model of depression was simulated by CUMS as described 
previously (10, 30). Meanwhile, some available adjustments were 
made to fortify the unpredictability. The rats were exposed to 
CUMS for 28 days (10, 31), including housing in a wet cage for 24 h 
(containing 100 g of sawdust in 200 ml water), restricted access to 
food deprivation for 24 h, continuous water deprivation for 24 h, 
continuous overnight illumination for 12 h, restricted access to 
chronic restraint stress for 2 h (restraining in a cylinder-shaped 

wire net, 20-cm length and 5-cm diameter), ice water swimming 
at 4°C for 5 min, clip tail for 3 min (1 cm apart from the tail). Rats 
exposed to CUMS were subjected to one of these seven stimuli at 
random per day (Table 1). Importantly, the same stressor was not 
used on consecutive days to avoid rat’s prediction. Each stressor 
was employed in the CUMS procedure three times randomly. 
Rats in the control group were normally fed for 28 days with food 
and water ad libitum without any stimulus.

acupuncture stimulation
Thirty minutes before CUMS procedure, rats in acupuncture 
group were subjected to acupuncture stimulation, 20  min 
per session, one session daily for 28 days. Following disinfection 
of the acupoint sites with 75% alcohol, the acupuncture needles 
(0.3 mm in diameter and 25 mm long; Suzhou Acupuncture & 
Moxibustion Appliance Co., Ltd., Jiangsu, China) were inserted 
transversely (keeping the angle between the needle and the skin 
surface at 15 angle) into Baihui (GV 20) and Yintang (GV 29) to a 
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depth of 5 mm as described by our previous study (10). Acupoints 
coordinates [GV 20, located at the bregma, or on the junction 
of coronal suture and sagittal suture; GV 29, midway between 
the medial ends of the two eyebrows] were under the guidance 
as described previously (32). When acupuncture stimulation 
was carried out, rats were placed in separate room under the 
conditions of free activities. Additional stress was strictly avoided 
during each procedure.

Behavioral Observation
All observations were conducted under relatively quiet and dark 
circumstances. All behavioral tests were performed by the same 
examiner who was blinded to the group allocations. BW, SPT, and 
OFT were investigated at least 12 h after the stress stimulation at 
the end of experimental period. Mood states, quality of feces, and 
appetite of rats were also observed and recorded.

Body Weight
The alterations in BW gain in comparison with the baseline were 
detected to evaluate the states of food preference and nutrition 
status. BW was detected at 0 day pre-intervention and at 7, 14, 
21, and 28  days post-intervention for each rat throughout the 
experimental procedures.

sucrose Preference Test
Sucrose preference was evaluated in all rats by calculating the 
reduction in the consumption of sucrose solution or preference 
as an indicator of anhedonia (10, 30). All rats were trained to 
adapt to 1% sucrose solution during the adaptation procedures. 
Specifically, following a 16 h period of food and water depriva-
tion, all rats were presented simultaneously with two pre-weighed 
bottles, one bottle containing sucrose (1% w/v) and the other con-
taining water, for a period of 60 min. Of note, the original order of 
the two bottles was reversed randomly from trial-to-trial, during 
the training procedures. After the training period, all rats were 
deprived of food and water for 23 h. Then they were all housed in 
individual cages and had free access to two pre-weighed bottles 
containing 150 ml sucrose solution (1% w/v) and 150 ml pure 
water for 1 h. At the end of the test, the bottles of 1% sucrose 
solution and pure water were re-weighted and recorded to cal-
culate amount consumed from each solution. Sucrose preference 
was calculated from the following formula (33): Sucrose prefer-
ence  =  {Sucrose intake (g)/[Sucrose intake (g)  +  Water intake 
(g)]} × 100%. SPT was measured at 0 day pre-intervention and at 
7, 14, 21, and 28 days post-intervention in each rat throughout the 
experimental procedures. Anhedonia was expressed by reduced 
sucrose preference.

Open Field Test
General locomotor activity of each rat was detected through OFT 
as described by previous studies (10, 34). The open field apparatus 
consisted an 80 × 80 × 40 cm square arena with black walls and 
black base, of which the base was divided into 16 × 16 cm equal 
squares with legible white strips. Each rat was gently placed in 
the center of the open field floor and then allowed to enjoy inde-
pendent movement and explore freely for 5 min. Crawling square 
numbers (numbers of crossing the horizontal sectors including 

three paws in the same square) and standing times (numbers of 
erection including rearing) were monitored and recorded as an 
index of general locomotion activity and exploratory behavior. 
After each trial, 75% ethyl alcohol was used to refresh the open 
field apparatus to avoid the interference of odor signals left behind 
by the other rats. OFT was performed at 0 day pre-intervention 
and at 7, 14, 21, and 28  days post-intervention in all the rats 
manually during each session. Locomotor activity scores, the 
comprehensive analysis of the horizontal and vertical motion 
scores, were used to evaluate the ability of the rats to adapt to a 
new environment and the general locomotor activities.

samples collection
After 28 days of experimental intervention, rats in the four groups 
were sacrificed on day 29. The animals were anesthetized with an 
injection of 10% chloral hydrate (0.35 mL/100 g, i.p.) followed 
by blood samples collection. Then the blood samples were left 
to coagulate and centrifuged at 1,000 × g for 10 min to separate 
serum. Serum samples were then stored at −20°C for the next 
experimental process. Rats were then sacrificed by decapitation 
and the hippocampus was dissected under strict cooling condi-
tions. The samples were then snap frozen in liquid nitrogen and 
placed in a freezer at −80°C for the next experiments.

Biochemical assays
Determination of BDNF in Serum
The expression levels of BDNF in serum were quantified using the 
corresponding ELISA. The procedure was performed according 
to instructions of the ELISA kit provided by the manufacturer. 
Levels were expressed as pg/mL.

WB Analysis for BDNF, acH3K9, and HDAC2 in 
Hippocampus
The procedures of western blot (WB) were as follows. The samples 
were homogenized with RIPA lysis buffer, containing 50 mM Tris 
(pH 7.4), 150 mM NaCl, 1% NP-40 and 0.5% Na-deoxycholate, 
and protease inhibitor cocktail for protein extraction. And then the 
supernatant was collected following centrifugation at 13,000 rpm 
at 4°C for 20 min. The total protein content was determined by 
using BCA assay. Following the quantitative determination of 
total protein content, the proteins of each sample were denatured 
at 100°C for 5 min. Subsequently, protein samples were fraction-
ated through 10% SDS-polyacrylamide gel electrophoresis. The 
proteins of samples were electrotransferred onto polyvinylidene 
difluoride membranes with voltage at 80  V for 60  min. The 
membranes were blocked with 5% bull serum albumin-TBST for 
1  h at room temperature. Protein expression was subsequently 
detected by incubation with rabbit polyclonal primary antibodies 
against BDNF (1:1,000) and β-actin (1:1,000); acH3K9 (1:1,000) 
and histone H3 (1:1,000); HDAC2 (1:1,000) and histone H3 
(1:1,000), at 4°C overnight. Following incubation with the primary 
antibody, the membranes were incubated with Goat anti-rabbit 
HRP-conjugated IgG (1:10,000) at room temperature for 40 min. 
The bound antibodies were visualized using an enhanced chemi-
luminescence Reagent by ECL kit (RPN2232; GE Healthcare Life 
Sciences, UK) and quantified densitometrically using Gel-image 
analyzing system (Gene gnome, Syngene, USA). The experiments 
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FigUre 2 | Primers were designed based on the sequenom ® EpiDesigner software system. The CpG sites at CpG Island one were involved in the primers design, 
performed with a program of BDNF #17 was analyzed by the procedures. Each dot indicated one CpG site: the blue dots indicated covered CpG sites, and the red 
dot covered CpG sites. In this study, the 12 CpG sites situated in the BDNF promoter I are as follows: CpG2, CpG4, CpG5, CpG6, CpG10, CpG11, CpG12, 
CpG13, CpG14, CpG15, CpG16, CpG18, and CpG24.
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were performed in triplicate with triplicate samples. In the WB 
analysis, histone H3 as loading control was used to normalize 
the levels of nuclear protein of HDAC2 and acH3K9 detected; 
and β-actin as loading control was used to normalize the levels of 
protein of BDNF detected. The mean optical density value of each 
protein band relative to that of the β-actin band from the same 
sample was calculated.

Real-Time Reverse Transcription-Polymerase Chain 
Reaction
The total RNA of the hippocampus was extracted using Trizol 
Reagent containing guanidium thiocyanate according to the 
manufacturer’s instruction. RNA was quantified by spectropho-
tometric analysis (OD 260/280). The reverse transcription rea-
gent kit was used to obtain first strand cDNA. For real-time PCR 
analysis, the cDNA samples were run in triplicate and β-actin was 
used as a reference gene. Each PCR amplification included non-
template controls and all reagents except for the cDNA. Real-time 
PCR reactions were performed with Taq polymerase using SYBR 
Green real-time PCR method. The operating steps of PCR ampli-
fications were conducted according to instructions of the manu-
facturer. For a reference gene, β-actin was used. The reactions of 
BDNF (total volume, 20 µl) were conducted with typical thermal 
profile of pre-incubation at 95°C for 10 min, followed by 45 cycles 
of 95°C for 10 s and 59°C for 60 s. Melting curve analysis was 
performed at the end of each run for each primer pair, allowing us 
to control amplification specificity. After PCR amplification, the 
comparative Ct method, also called ΔCt, is calculated by formula 
as follows (35): ΔCt = avgCt GOI−avg Ct ref. GOI indicated gene of 
interest; ref indicated the reference gene. The ΔCt was calculated 
by subtracting the β-actin Ct from each sample Ct. The products 
of PCR were detected by agarose gel electrophoresis, which was 
observed under ultraviolet light and photographed. Primers 
were designed using the Primer-Blast program obtained from 
NCBI. The primer sets used were as the following: BDNF: for-
ward: F5′-TAGCAAAAAGAGAATTGGCTG-3′, reverse: R5′-
TTTCAGGTCATGGATATGTCC-3′; β-actin: forward: F5′-TCA

TGAAGTGTGACGTTGACATCCGTAAAG-3′, reverse: R5′-CG 
TAGAAGCATTTGCGGTGCACGATGGAGG-3′, with the pre-
dicted sizes 255 and 283 bp, respectively.

Methylation-Specific Real-Time PCR
The procedures of the methylation-specific real-time PCR are as 
follows (36–38). Following the extraction of DNA from 100 mg 
hippocampus of all samples, DNA concentration and purity was 
detected by spectrophotometry. Then the DNA deamination 
was performed according to the manufacturer’s instructions for 
the next procedure. The modified DNA was used as a template 
for methylation-specific real-time PCR. The operating steps of 
quantitative real-time PCR were conducted according to instruc-
tions of the manufacturer. Primers were designed based on the 
EpiDesigner software system (see Figure  2). The primers were 
used to detect methylated gene of the BDNF promoter I at rela-
tive CpG sites. β-actin gene was used as a reference control. The 
relative BDNF promoter I methylation level was expressed as the 
ratio of methylated gene of the BDNF promoter I DNA to β-actin 
DNA. Details were as follows. All reactions were run in a volume 
of 5 µl on a microtiter plate. The reaction mixture included 1 µl 
of deaminated DNA, 0.04 µl dNTP mix, and 0.1 µl two sets of 
primers at a final concentration of 10 pmol/μL each. All reactions 
were performed in triplicate. As far as the qPCR settings were 
concerned, initial denaturation was performed at 94°C for 4 min, 
followed by amplification at 94°C for 20 s, 56°C for 30 s, 72°C for 
60 s for 45 cycles. Then the melting curve analysis was carried 
out as the standard procedure indicated, at 94°C for 5 s, followed 
by cooling to 52°C for 5 s for 40 cycles, followed by heating to 
80°C for 5 s for 5 cycles, finally followed by cooling to 72°C for 
3 min. Intra-assay variation and inter-assay variation were evalu-
ated for quality control. Standard curves were generated based 
on the results and were applied for quantitative data analysis. The 
primer sets used were as follows: BNDF #17: forward: aggaagag 
agGGGGTTAGGGTAGTTTTTTTGAGT; reverse: cagtaatacgac 
tcactatagggagaaggctCCAAAACCCACCTTCTAAAAC, with the 
predicted size 555 bp and coverage 17.
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FigUre 3 | Differences showing the effects of stress/antidepressant treatments on depressive-like behaviors in depression rats induced by chronic unpredicted mild 
stress. Acu, acupuncture group; FLX, fluoxetine group. Differences were assessed with two-way analysis of variance (ANOVA) with Tukey’s post hoc test. Results 
were presented as mean ± SD. (a) Results of two-way ANOVA with time points and groups of changes in BW were as follows: time points, F = 4.142, P = 0.000; 
group, F = 8.794, P = 0.000; interaction, F = 1,220.311, P = 0.000. ★★P < 0.01 compared with the control group; ▲P < 0.05 compared with the model group; 
▲▲P < 0.01 compared with the model group. (B) Results of two-way ANOVA with time points and groups on changes in sucrose consumption were as follows: time 
points, F = 107.438, P = 0.000; group, F = 20.266, P = 0.000; interaction, F = 2.788, P = 0.000. ★★P < 0.01 compared with the control group; ▲P < 0.05 
compared with the model group; ▲▲P < 0.01 compared with the model group; ⬩P < 0.05 compared with the acupuncture group. (c) Results of two-way ANOVA 
with time points and groups on changes in locomotor activity scores were as follows: time points, F = 569.024, P = 0.000; group, F = 68.783, P = 0.000; 
interaction, F = 11.279, P = 0.000. ★★P < 0.01 compared with the control group; ▲P < 0.05, compared with the model group; ▲▲P < 0.01 compared with the 
model group; ⬩P < 0.01 compared with the acupuncture group.
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Data analysis
All statistical tests were conducted using SPSS 22.0 software pack-
age (IBM, Armonk, New York, NY, USA). Data were presented as 
mean with standard deviation (mean ± SD). Within each group, 
the data of BW gain, sucrose consumption, and general locomotor 
activity at different time points were analyzed by two-way analysis 
of variance (ANOVA) with Tukey’s post  hoc test. Additionally, 
one-way ANOVA were used. Differences between individual 
means were tested for significance using Fisher’s least significant 
difference procedure. Linear regression analysis and bivariate 
correlation analysis was performed to elucidate the correlation 
test among the indexes. Significant threshold was set at P < 0.05.

resUlTs

Behavioral Observations
Changes in BW
Before the experimental procedures, there was no significant 
difference among groups. However, significant differences in the 

changes of BW were found among groups after the CUMS proce-
dures and intervention. Rats in the model group were screened to 
eat less with poor appetite, and exhibit low spirits, fur shedding, 
and reduced luster. The weight of the rats in the model group was 
significantly lower than that of the rats in the control group at 7, 
14, and 21 days during the CUMS procedure (P < 0.01; P < 0.01; 
P < 0.01). In comparison with the model group, rats in fluoxetine 
and acupuncture groups gained more weight after the interven-
tion (P < 0.01; P < 0.05). There were no significant differences 
in responses to BW gain between fluoxetine and acupuncture 
groups (Figure 3A).

Sucrose Preference Test
Significant differences were found in sucrose consumption-related 
indicators between the control and model groups, especially at 
14, 21, and 28 days of the CUMS procedure (P < 0.01; P < 0.01; 
P < 0.01). Rats in the model group exhibited the reduced sensitiv-
ity to reward stimulation and pleasure. However, both fluoxetine 
and acupuncture significantly reversed the decreased sucrose 
consumption when compared with that in the model group, at 14 
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and 28 days of the experimental procedure with statistical signifi-
cance (P < 0.01, P < 0.05; P < 0.01, P < 0.01). Significant differ-
ence was also found between fluoxetine and acupuncture groups 
at 7 days of the experimental procedure (P < 0.05) (Figure 3B).

Open Field Test
Results of the OFT showed that rats in the model and control 
groups exhibited significant differences in the locomotor activity 
scores (comprehensive analysis of the horizontal and vertical 
motion scores), especially at 7, 14, 21, and 28 days of the CUMS 
procedure (P < 0.01; P < 0.01; P < 0.01; P < 0.01). And the ability 
of the rats in the model group to adapt to a new environment was 
significantly decreased. Of note, the locomotor activity scores of 
the rats in the fluoxetine and acupuncture groups were notably 

elevated following the intervention of fluoxetine and acupunc-
ture at 14, 21, and 28 days of the experimental procedure, with 
statistical significance (P <  0.05, P <  0.01, P <  0.01; P <  0.01, 
P < 0.01, P < 0.01). Significant difference was also found between 
fluoxetine and acupuncture groups at 14 days of the experimental 
procedure (P < 0.01) (Figure 3C).

Expression Level of BDNF in Serum
Compared with the control group, the expression of BDNF in 
serum in the model group was significantly downregulated 
(P  <  0.01). Following the intervention of acupuncture and 
fluoxetine, the expression of BDNF in serum in acupuncture and 
FLXs were significantly upregulated compared with that in the 
model group (P < 0.01; P < 0.01) (Figure 4A). Both acupuncture 

FigUre 4 | Continued
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FigUre 4 | Differences showing the effects of stress/antidepressant treatments on the expression of DNA methylation and histone modifications levels of BDNF in 
depression rats induced by chronic unpredicted mild stress. Acu, acupuncture group; FLX, fluoxetine group; BDNF, brain-derived neurotrophic factor; RT-PCR, 
real-time reverse transcription-polymerase chain reaction; MS-PCR, methylation-specific polymerase chain reaction; acH3K9, acetylation levels of Histone 3 at 
Lysine 9; HDAC2, histone deacetylase 2. Differences were assessed with one-way analysis of variance with Fisher’s least significant difference (LSD) procedure. 
Results were presented as the mean ± SD (a) Enzyme-linked immunosorbent assay analysis of BDNF expression in serum of each group (n = 8). ★★P < 0.01 
compared with the control group; ▲▲P < 0.01 compared with the model group; ⬩P < 0.05 compared with the acupuncture group. (B) Western blot (WB) analysis of 
BDNF expression in hippocampus of each group (n = 8). ★★P < 0.01 compared with the control group; ▲▲P < 0.01 compared with the model group. (c) Expression 
of mRNA level of BDNF in the hippocampus of each group (n = 8). ★★P < 0.01 compared with the control group; ▲▲P < 0.01 compared with the model group; 
⬩⬩P < 0.01 compared with the acupuncture group. (D) The DNA methylation level of hippocampal BDNF promoter I at relative CpG sites among each group (n = 6), 
as detected by MS-PCR. The 12 CpG sites situated in the BDNF promoter I are as follows: CpG2, CpG4, CpG 5, CpG6, CpG10, CpG11, CpG12, CpG13, CpG14, 
CpG15, CpG16, CpG18, and CpG24. (e) The expression level of acH3K9 in hippocampus among each group (n = 8), as detected by WB. ★P < 0.05 compared 
with the control group. (F) The expression level of HDAC2 in hippocampus among each group (n = 8), as detected by WB. ★★P < 0.01 compared with the control 
group; ▲▲P < 0.01 compared with the model group. (g) The correlation analysis between the expression level of BDNF in serum and hippocampus. Linear 
regression analysis: r = 0.386, R2 = 0.149; F = 5.250, P = 0.029; t = 2.291, P = 0.029, which indicated a positive correlation between the expression level of BDNF 
in serum and hippocampus. (h) The correlation analysis between the expression level of hippocampal BDNF mRNA and acH3K9. Linear regression analysis: 
r = 0.431, R2 = 0.185; F = 6.831, P = 0.014; t = 2.614, P = 0.014, which indicated a positive correlation between the expression level of hippocampal BDNF 
mRNA and acH3K9. (i) The correlation analysis between the expression level of hippocampal BDNF mRNA and HDAC2. Linear regression analysis: r = 0.787, 
R2 = 0.619; F = 48.783, P = 0.000; t = −6.985, P = 0.000, which indicated a significantly negative correlation between the expression level of hippocampal BDNF 
mRNA and HDAC2.
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and fluoxetine could reverse the downregulation of BDNF in 
serum induced by CUMS. Significance was also found between 
acupuncture and FLXs (P < 0.05) (Figure 4A).

Expression Level of BDNF in the Hippocampus
The result showed that, compared with the control group, the 
expression of hippocampal BDNF in the model group was signifi-
cantly downregulated (P < 0.01). Of note, acupuncture reversed 
the downregulation of hippocampal BDNF when compared with 
that in the model group with statistical significance (P < 0.01). 
There were no significant differences in the expression of hip-
pocampal BDNF between fluoxetine and model group (P > 0.05) 
(Figure 4B).

Expression of mRNA Level of BDNF in the 
Hippocampus
The results indicated that the relative mRNA expression level of 
BDNF in the hippocampus of the model group was significantly 
lower than that in the control group (P < 0.01). In comparison 
with the model group, the lower expression of mRNA levels 
of BDNF was significantly reversed in the acupuncture and 
FLXs following the intervention of acupuncture and fluoxetine 
(P  <  0.01; P  <  0.01). Significance was also found between 
acupuncture and FLXs (P  <  0.01). Importantly, the relative 
mRNA expression level of BDNF in the hippocampus of the 
acupuncture group was evidently higher than that in the FLX 
(Figure 4C).
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The DNA Methylation Level of Hippocampal BDNF 
Promoter I Corresponding to 12 CpG Sites
In this study, the DNA methylation level of hippocampal BDNF 
promoter I was assessed at 12 CpG sites, including CpG2, CpG4, 
CpG 5, CpG6, CpG10, CpG11, CpG12, CpG13, CpG14, CpG15, 
CpG16, CpG18, and CpG24, as detected by MS-PCR. In compari-
son with the DNA methylation level of BDNF promoter I at rela-
tive CpG sites, no significant differences have been found among 
control, model, acupuncture, and FLXs recently (P > 0.05). The 
precise mechanisms that the DNA methylation level of BDNF 
promoter I are involved in the pathogenesis of depression remains 
to be further clarified (Figure 4D).

Expression Level of acH3K9 and HDAC2 in 
Hippocampus
In the WB analysis, histone H3 as loading control was used to 
normalize the levels of nuclear protein detected. The expression 
level of hippocampal acH3K9 in the model group was significantly 
downregulated following CUMS procedures in comparison with 
that in the control group (P < 0.05). However, the expression level 
of hippocampal HDAC2 in the model group was increased in the 
model group when compared with that in the control group, with 
statistical significance (P < 0.01). There were no significant differ-
ences in the expression level of hippocampal acH3K9 among the 
model, acupuncture and FLXs (P > 0.05). In comparison with the 
model group, the upregulated expression levels of hippocampal 
HDAC2 were significantly reversed in the acupuncture and 
FLXs following the intervention of acupuncture and fluoxetine 
(P < 0.01; P < 0.01) (Figures 4E,F).

DiscUssiOn

In this study, we identified some compelling findings on the 
antidepressant effect of acupuncture from the perspective of the 
molecular level. The rat model of depression in our study was 
induced by CUMS procedures, which has been evidenced to be 
parallel to the symptoms of depression and accurately recapitulate 
the human condition (10, 34, 39, 40). This study aimed to elucidate 
the epigenetic mechanisms underlying the antidepressant effect 
of acupuncture and investigated the potential of DNA methyla-
tion and histone modifications of BDNF in monitoring severity of 
symptoms and antidepressant effect of acupuncture, which might 
shed new light on conceptual frameworks of prospects for new 
therapies in the treatment of depression.

The antidepressant effect of acupuncture
The alterations in BW gain in comparison with the baseline were 
detected to evaluate the states of food preference and nutrition 
status. BW was detected at 0 day pre-intervention and at 7, 14, 21, 
and 28 days post-intervention for each rat throughout the experi-
mental procedures. Before the experimental procedures, there 
was no significant difference among groups. However, significant 
differences in the changes of BW were found among groups after 
the CUMS procedures and intervention. Rats in the model group 
were screened to eat less with poor appetite, and exhibit low 
spirits, fur shedding, and reduced luster. The weight of the rats in 
the model group was significantly lower than that of the rats in 

the control group. In comparison with the model group, rats in 
fluoxetine and acupuncture gained more weight after the inter-
vention. Although the statistical difference was not significantly 
remarkable, significance was indeed found in the stress-induced 
less BW gain in this study. Importantly, we found acupuncture 
reversed it. The result of the present study is consistent with the 
current study illustrated that CUMS procedures could induce 
depressive-like behaviors, well imitating the symptom of depres-
sion. BW or body mass index (BMI) has been considered of the 
significant indexes in investigating the depression-like behaviors 
and the pathogenesis of depression. The findings for association 
of BMI in key white matter (WM) tracts that are crucial to mood 
regulation and neurocognitive functioning has suggested that 
BMI might contribute to the pathophysiology of bipolar disorder 
(BD) through a detrimental action on structural connectivity in 
critical cortico-limbic networks (41). The precise mechanism 
and depressive-like behaviors of depression remain to be further 
verified by detailed evidence in our study.

Referring to investigations of recent studies, SPT was employed 
to evaluate the condition of anhedonic-like behaviors of rats. 
Anhedonia was expressed by reduced sucrose preference. In this 
study, significant difference was also found between fluoxetine 
and acupuncture groups at 7 days of the experimental procedure, 
which might be due to the difference in onset time between fluox-
etine and acupuncture. Interestingly, significant differences was 
found in ameliorating ahedonia (the core symptom of depres-
sion) and mood between fluoxetine and acupuncture, suggesting 
the comprehensively antidepressant response of acupuncture 
(10, 42). Importantly, our findings indicated that fluoxetine 
reduced the sucrose preference at 7 days when compared with 
acupuncture, which might be due to the delaying onset time and 
side effect of fluoxetine.

The OFT was performed to evaluate the ability to adapt to new 
environments of the rats. The horizontal motion score and vertical 
motion score were scored. The CUMS model was first successfully 
established by Willner et  al. in 1957 to simulate the exogenous 
factors for the onset of depression, including reduced sensitivity to 
reward, lack of pleasure, and behavioral and spiritual malaise. The 
OFT can be used to verify the degree of horizontal activity of the 
rat, a reduction in which is a clinical sign associated with human 
depression. In this study, observation of the locomotor activity 
scores showed that the self-regulation and the locomotor activity 
scores of the rats were markedly reduced integrally at 7, 14, 21, and 
28 days. However, significance was found among the four groups at 
different time points in spite of descending tendency. The integral 
tendency is consistent with the reported studies. Of note, the result 
of the tendency in this study is in contrast to studies that showed a 
stress-induced decrease in locomotor activity scores. And locomo-
tor activity score in control group decreased over time as well. There 
is no obvious reason for the decreased locomotor activity scores 
following experimental procedures, but it has been suggested to be 
the result of adaptation to chronic stress and changes of the external 
circumstance. This paradoxical effect of the descending tendency 
on locomotor activity scores in this study could possibly be ascribed 
to the different stress protocols, since different durations and inten-
sity of adaptation have different effects on locomotor activity score. 
Further studies are performed to verify this tendency.
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As a fundamental part of traditional Chinese medicine, 
acupuncture therapy has been widely considered to be an 
effective alternative therapy in the clinical practice. Data from 
our previous clinical practice and experimental investigation 
have investigated the antidepressant effect of acupuncture (10, 
11), which is in consistent with studies that identified the safety 
and effectiveness of acupuncture therapy in treating MDD and 
post-stroke depression. Presently, the acupoint module of Baihui 
(GV 20) and Yintang (GV 29) was selected as the acupuncture 
intervention to explore the epigenetic mechanisms underlying 
the antidepressant effect via regulating the methylation level 
of the BDNF promoter I and BDNF expression. The findings 
indicated that acupuncture at Baihui (GV 20) and Yintang (GV 
29) exerted significant antidepressant effect. This consistent effect 
of acupuncture on stress-induced depression in this study could 
possibly be ascribed to the function of the acupoint module since 
Baihui (GV 20) and Yintang (GV 29) are affiliated to the governor 
meridian and associated with the brain through channels and 
collaterals. Notably, our previous studies have provided evidence 
that acupuncture at Baihui (GV 20) and Yintang (GV 29) could 
well alleviate depression by increasing the expression of excitatory 
neurotransmitter in the hippocampus, attenuating impaired neu-
rogenesis, and inhibiting the apoptosis of hippocampal neurons 
(10, 11). Accordingly, acupuncture therapy could be considered 
an alternative option for the treatment of depression. The precise 
mechanism underlying the antidepressant effect remains to be 
further determined.

Dna Methylation and histone Modification 
of BDnF in Depression
Subsequent findings from this study identified that the stress-
induced decrease in serum and hippocampal BDNF protein and 
BDNF mRNA were in parallel, indicating its important role in the 
pathogenesis of depression and the synchronous expression level 
of central and peripheral BDNF alterations (Figure 4G). Of note, 
we have also identified that acupuncture exerted antidepressant 
effects and positively modulated the expression level of BDNF. 
Through analyzing the expression levels of BDNF mRNA, acH3K9 
and HDAC2, and the DNA methylation level of BDNF promoter 
I at relative CpG sites in hippocampus, we identified that DNA 
methylation and histone modifications of BDNF in the hip-
pocampus were involved in the pathological process of depression 
(Figures  4H,I). The CUMS procedures elevated the expression 
level of HDAC2 and induced the downregulation of acH3K9 pro-
tein and BDNF mRNA, and ultimately contributed to depressive 
disorder. Importantly, we also identified that acupuncture could 
well alleviate depressive-like behaviors and regulate the DNA 
methylation and histone modifications of BDNF in the hippocam-
pus. Such an antidepressant effect of acupuncture was evidenced by 
downregulating the expression level of HDAC2, thereby promot-
ing the expression level of acH3K9, and elevating the expression 
levels of BNNF mRNA and protein, and finally restoring mood.

In this study, changes in serum BDNF levels, hippocampal 
BDNF protein, and its mRNA levels were investigated. In the dec-
ades that have passed, since the correlation between BDNF levels 
and the development of depression were identified, there has been 
considerable progress in understanding the roles of BDNF and its 

contributions to the pathogenesis of depression (19, 21, 43, 44). 
Our study showed that serum BDNF levels, hippocampal BDNF 
protein, and its mRNA levels in the model group were significantly 
decreased following the CUMS procedures when compared 
with that in the control group. These findings support previous 
studies suggesting that the stress-induced decrease in serum and 
hippocampal BDNF protein and BDNF mRNA were in parallel, 
and the synchronous expression level of central and peripheral 
BDNF alterations were evidenced (Figure 4G). Interestingly, the 
attenuated changes in BDNF expression following the induction 
of CUMS were reversed by acupuncture, indicating that acupunc-
ture exerted antidepressant effects, and positively modulated the 
expression level of BDNF. Such an antidepressant effect of acu-
puncture was evidenced by positively modulating the expression 
levels of BDNF and its mRNA ranging from central to peripheral 
level, thereby alleviating the depressive-like behaviors.

Epigenetic mechanisms, including DNA methylation, histone 
modifications, and non-coding RNAs, are considered to be very 
important for BDNF expression regulation (45, 46) and involved 
in the pathogenesis of depression (23, 24, 28, 47). Data from 
previous studies have provided compelling evidence that BDNF 
promoters’ methylation level and histone modifications are associ-
ated with the development of depression (28, 48–50). In this study, 
the expression levels of BDNF mRNA, acH3K9 and HDAC2, and 
the DNA methylation level of BDNF promoter I at relative CpG 
sites (including CpG2, CpG4, CpG 5, CpG6, CpG10, CpG11, 
CpG12, CpG13, CpG14, CpG15, CpG16, CpG18, and CpG24) 
in the hippocampus were investigated. We found that the CUMS 
procedures elevated the expression level of HDAC2 and induced 
the downregulation of acH3K9 protein and BDNF mRNA, which 
might contribute to the development of depression. This finding 
indicates that there might be somewhat consistent with a previous 
study, suggesting that histone modifications are of great signifi-
cance for the BDNF expression regulation (45, 47). Notably, we 
have also investigated that acupuncture could attenuate the 
expression level of HDAC2, then elevate the expression level of 
acH3K9, and the expression levels of BNNF mRNA and protein, 
and ultimately restore mood (Figures 4H,I). Preliminary results 
from our study demonstrate that the antidepressant response of 
acupuncture might be mediated by regulating the DNA meth-
ylation and histone modifications of BDNF in the hippocampus. 
Dynamic alterations in DNA methylation and recruitment of 
histone deacytelases are considered to be important mechanisms 
in contributing to gene expression. Recent evidence has identi-
fied the methylation level of relative CpG islands associated with 
promoter I of BDNF in depression, in which the changes of DNA 
methylation of BDNF were postulated as a biomarker of major 
depression (28, 50).

The role of Dna Methylation of BDnF in 
Depression
Epigenetic alterations as DNA methylation, histone modifica-
tions, and non-coding RNAs are considered to be strongly 
associated with pathogenesis of depression with a large number 
of studies having examined the association between the BDNF 
methylation level and certain psychological diagnoses. Epigenetic 
mechanisms have been shown to be very important for BDNF 
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expression regulation. Recently, various studies have associated 
the DNA methylation level of BDNF promoters with develop-
ment of various neuropsychiatric disorders. It has been shown 
that there is an association of BDNF DNA methylation and 
reduced WM integrity in the anterior corona radiata in major 
depression (51).

Numerous studies have analyzed different regions within 
promoter I and promoter IV. It has been demonstrated that the 
promoter I region is differently methylated in major depression 
and BDs patients (52). These partly overlap with the region differ-
ently methylated in various neuropsychiatric disorders, including 
depression, anxiety disorder, and schizophrenia. The overlapping 
regions within BDNF promoter I and promoter IV may be of 
special interest as possible biomarker of psychiatric diseases, tak-
ing into consideration that several independent studies reported 
about the differences in the methylation level of these regions. 
Data from the previous investigation have indicated that there 
is a significant correlation between the ventral prefrontal cortex 
and quadriceps for the methylation levels of BDNF promoter I 
(53). Similarly, the BDNF promoters’ DNA methylation changes 
of BDNF promoter I and promoter IV in brain has been dem-
onstrated to be associated with major depression and suicide. 
Collectively, no definite correlation between the BDNF promot-
ers’ methylation and BDNF protein levels, although numerous 
methylation level differences was found, respectively in BDNF 
promoter I and promoter IV between various neuropsychiatric 
disorders (54).

During our previous studies, we investigated the epigenetic 
mechanisms underlying the antidepressant effect of acupunc-
ture by regulating the methylation level of the analyzed region 
inside of BDNF promoter I and BDNF expression in depth. 
However, no significant differences in the DNA methylation 
level of BDNF promoter I at relative CpG sites have been found 
among control, model, acupuncture, and fluoxetine groups 
recently. This paradoxical association of the BDNF protein 
level with the DNA methylation level in this study could pos-
sibly be ascribed to being conditioned by other regulators of 
BDNF expression: particularly histone modifications, miRNAs, 
antiBDNF transcripts, formation of dsRNA duplexes with 
BDNF transcripts, alternative splicing, and posttranscriptional 
cleavage. Importantly, our study have provided the first evidence 
that the changes in histone modifications levels of acH3K9 and 
HDAC2 affected the BDNF expression changes both on tran-
script and protein levels. Accordingly, we postulate that whether 
the delicate alterations of the DNA methylation level of BDNF 
might trigger the expressions levels of BDNF both on transcript 
and protein levels.

cOnclUsiOn

Considering the present findings, the epigenetic mechanisms in the 
antidepressant effect of acupuncture have been associated with the 
potential of DNA methylation and histone modifications of BDNF. 
However, our preliminary findings should be viewed in light of 
several limitations. No acupuncture control was present, thus lim-
iting the generalizability and the interpretation of the findings in 
the antidepressant effect. Furthermore, only the DNA methylation 
level of BDNF promoter I was intensively investigated, although 
no significant differences in the DNA methylation level of BDNF 
promoter I at relative CpG sites. This paradoxical association of the 
BDNF protein level with the DNA methylation level in this study 
could possibly be ascribed to being conditioned by other regulators 
of BDNF expression: particularly histone modifications, miRNAs, 
antiBDNF transcripts, formation of dsRNA duplexes with BDNF 
transcripts, alternative splicing, and posttranscriptional cleavage. 
Further research is needed to clarify the precise mechanisms 
whether the DNA methylation level of BDNF promoter I, promoter 
II, and promoter IV is involved in the pathogenesis of depression 
by applying bisulfite sequencing in our future study. As highlighted 
above, the epigenetic mechanisms in the antidepressant effect of 
acupuncture have been associated with the potential of DNA meth-
ylation and histone modifications of BDNF, which could monitor 
the severity of symptoms and antidepressant effect of acupuncture. 
Strengths of this study might shed new light on conceptual frame-
works of prospects for new therapies in the treatment of depression.

eThics sTaTeMenT

All experimental procedures were in full observance of the 
International Association for the Use of Animals in Research and 
approved by the Institute of Animal Care Committee of the Beijing 
University of Chinese Medicine (Permit No. Kj-dw-32-20151012).

aUThOr cOnTriBUTiOns

TB designed research. XZ, HJ, JL, HM, XY, BZ, and YS performed 
research. XZ and HJ analyzed data. HJ wrote the paper.

FUnDing

This study was also supported by a major project supported by 
Ministry of Science and Technology in China (No. 2009ZX09103-
707). The authors’ work reported here was also supported by 
grants from the National Natural Science Foundation of China 
(No. 81574070; No. 81173334; No. 81102638).

reFerences

1. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression, 
chronic diseases, and decrements in health: results from the World Health 
Surveys. Lancet (2007) 370(9590):851–8. doi:10.1016/S0140-6736(07)61415-9 

2. Thompson SM, Kallarackal AJ, Kvarta MD, Van Dyke AM, LeGates TA, Cai 
X. An excitatory synapse hypothesis of depression. Trends Neurosci (2015) 
38(5):279–94. doi:10.1016/j.tins.2015.03.003 

3. Seo JS, Wei J, Qin L, Kim Y, Yan Z, Greengard P. Cellular and molecular 
basis for stress-induced depression. Mol Psychiatry (2017) 22(10):1440–7. 
doi:10.1038/mp.2016.118 

4. Solomon DA, Keller MB, Leon AC, Mueller TI, Lavori PW, Shea MT, et al. 
Multiple recurrences of major depressive disorder. Am J Psychiatry (2000) 
157(2):229–33. doi:10.1176/appi.ajp.157.2.229 

5. Calabrese F, Molteni R, Racagni G, Riva MA. Neuronal plasticity: a link 
between stress and mood disorders. Psychoneuroendocrinology (2009) 
34(Suppl 1):S208–16. doi:10.1016/j.psyneuen.2009.05.014 

6. Kendler KS, Karkowski LM, Prescott CA. Stressful life events and major depres-
sion: risk period, long-term contextual threat, and diagnostic specificity. J Nerv 
Ment Dis (1998) 186(11):661–9. doi:10.1097/00005053-199811000-00001 

7. Hwang JW, Xin SC, Ou YM, Zhang WY, Liang YL, Chen J, et al. Enhanced 
default mode network connectivity with ventral striatum in subthreshold 

https://www.frontiersin.org/Psychiatry/
https://www.frontiersin.org
https://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1016/S0140-6736(07)61415-9
https://doi.org/10.1016/j.tins.2015.03.003
https://doi.org/10.1038/mp.2016.118
https://doi.org/10.1176/appi.ajp.157.2.229
https://doi.org/10.1016/j.psyneuen.2009.05.014
https://doi.org/10.1097/00005053-199811000-00001


12

Jiang et al. The Antidepressant-Like Effects of Acupuncture via the Expression of BDNF

Frontiers in Psychiatry | www.frontiersin.org March 2018 | Volume 9 | Article 102

depression individuals. J Psychiatr Res (2016) 76:111–20. doi:10.1016/j.
jpsychires.2016.02.005 

8. Hwang JW, Egorova N, Yang XQ, Zhang WY, Chen J, Yang XY, et  al. 
Subthreshold depression is associated with impaired resting-state functional 
connectivity of the cognitive control network. Transl Psychiatry (2015) 5:e683. 
doi:10.1038/tp.2015.174 

9. Miller AH, Maletic V, Raison CL. Inflammation and its discontents: the role of 
cytokines in the pathophysiology of major depression. Biol Psychiatry (2009) 
65(9):732–41. doi:10.1016/j.biopsych.2008.11.029 

10. Lu J, Liang J, Wang JR, Hu L, Tu Y, Guo JY. Acupuncture activates ERK-CREB 
pathway in rats exposed to chronic unpredictable mild stress. Evid Based 
Complement Alternat Med (2013) 2013:469765. doi:10.1155/2013/469765 

11. Liang J, Lu J, Cui SF, Wang JR, Tu Y. Effect of acupuncture on expression 
of brain-derived neurotrophic factor gene and protein in frontal cortex and 
hippocampus of depression rats. Zhen Ci Yan Jiu (2012) 37(1):20–4. 

12. Price JL, Drevets WC. Neurocircuitry of mood disorders. 
Neuropsychopharmacology (2010) 35(1):192–216. doi:10.1038/npp.2009.104 

13. Wilde A, Mitchell PB, Meiser B, Schofield PR. Implications of the use of 
genetic tests in psychiatry, with a focus on major depressive disorder: a review. 
Depress Anxiety (2013) 30(3):267–75. doi:10.1002/da.22000 

14. Camp NJ, Cannon-Albright LA. Dissecting the genetic etiology of major 
depressive disorder using linkage analysis. Trends Mol Med (2005) 11(3):138–
44. doi:10.1016/j.molmed.2005.01.002 

15. Jabbi M, Korf J, Ormel J, Kema IP, den Boer JA. Investigating the mole cular 
basis of major depressive disorder etiology: a functional convergent genetic 
approach. Ann N Y Acad Sci (2008) 1148:42–56. doi:10.1196/annals.1410.018 

16. Klengel T, Binder EB. Gene-environment interactions in major depressive dis-
order. Can J Psychiatry (2013) 58(2):76–83. doi:10.1177/070674371305800203 

17. Sandi C, Haller J. Stress and the social brain: behavioural effects and neuro-
biological mechanisms. Nat Rev Neurosci (2015) 16(5):290–304. doi:10.1038/
nrn3918 

18. Brunoni AR, Lopes M, Fregni F. A systematic review and meta-analysis of 
clinical studies on major depression and BDNF levels: implications for the 
role of neuroplasticity in depression. Int J Neuropsychopharmacol (2008) 
11(8):1169–80. doi:10.1017/S1461145708009309 

19. Jha S, Dong B, Sakata K. Enriched environment treatment reverses 
depression-like behavior and restores reduced hippocampal neurogenesis 
and protein levels of brain-derived neurotrophic factor in mice lacking 
its expression through promoter IV. Transl Psychiatry (2011) 1:e40. 
doi:10.1038/tp.2011.33 

20. Guo M, Lu XY. Leptin receptor deficiency confers resistance to behavioral 
effects of fluoxetine and desipramine via separable substrates. Transl Psychiatry 
(2014) 4:e486. doi:10.1038/tp.2014.126 

21. Molendijk ML, Bus BA, Spinhoven P, Penninx BW, Kenis G, Prickaerts J, 
et al. Serum levels of brain-derived neurotrophic factor in major depressive 
disorder: state-trait issues, clinical features and pharmacological treatment. 
Mol Psychiatry (2011) 16(11):1088–95. doi:10.1038/mp.2010.98 

22. Allis CD, Jenuwein T, Reinberg D. Epigenetics. New York: CSHL Press (2007).
23. Guintivano J, Kaminsky ZA. Role of epigenetic factors in the development of 

mental illness throughout life. Neurosci Res (2016) 102:56–66. doi:10.1016/j.
neures.2014.08.003 

24. Pishva E, Kenis G, van den Hove D, Lesch KP, Boks MP, van Os J, et al. The 
epigenome and postnatal environmental influences in psychotic disorders. 
Soc Psychiatry Psychiatr Epidemiol (2014) 49(3):337–48. doi:10.1007/s00127- 
014-0831-2 

25. Martinowich K, Hattori D, Wu H, Fouse S, He F, Hu Y, et  al. DNA meth-
ylation-related chromatin remodeling in activity-dependent BDNF gene 
regulation. Science (2003) 302(5646):890–3. doi:10.1126/science.1090842 

26. Vialou V, Feng J, Robison AJ, Nestler EJ. Epigenetic mechanisms of depression 
and antidepressant action. Annu Rev Pharmacol Toxicol (2013) 53:59–87. 
doi:10.1146/annurev-pharmtox-010611-134540 

27. Roth TL, Sweatt JD. Epigenetic marking of the BDNF gene by early-life 
adverse experiences. Horm Behav (2011) 59(3):315–20. doi:10.1016/j.
yhbeh.2010.05.005 

28. Fuchikami M, Morinobu S, Segawa M, Okamoto Y, Yamawaki S, Ozaki N, 
et  al. DNA methylation profiles of the brain-derived neurotrophic factor 
(BDNF) gene as a potent diagnostic biomarker in major depression. PLoS One 
(2011) 6(8):e23881. doi:10.1371/journal.pone.0023881 

29. Kleimann A, Kotsiari A, Sperling W, Gröschl M, Heberlein A, Kahl KG, et al. 
BDNF serum levels and promoter methylation of BDNF exon I, IV and VI 
in depressed patients receiving electroconvulsive therapy. J Neural Transm 
(Vienna) (2015) 122(6):925–8. doi:10.1007/s00702-014-1336-6 

30. Willner P, Towell A, Sampson D, Sophokleous S, Muscat R. Reduction of 
sucrose preference by chronic unpredictable mild stress, and its restoration 
by a tricyclic antidepressant. Psychopharmacology (Berl) (1987) 93(3):358–64. 
doi:10.1007/BF00187257 

31. Yang L, Yue N, Zhu X, Han Q, Liu Q, Yu J, et al. Electroacupuncture upregulates 
ERK signaling pathways and promotes adult hippocampal neural progenitors 
proliferation in a rat model of depression. BMC Complement Altern Med 
(2013) 13:288. doi:10.1186/1472-6882-13-288 

32. Yu SG, Guo Y. Experimental Acupuncture Science. Shanghai: Shanghai Science 
and Technology Press (2009). p. 150–2.

33. Bekris S, Antoniou K, Daskas S, Papadopoulou-Daifoti Z. Behavioural 
and neurochemical effects induced by chronic mild stress applied to two 
different rat strains. Behav Brain Res (2005) 161(1):45–59. doi:10.1016/j.bbr. 
2005.01.005 

34. Katz RJ, Roth KA, Carroll BJ. Acute and chronic stress effects on open field 
activity in the rat: implications for a model of depression. Neurosci Biobehav 
Rev (1981) 5(2):247–51. doi:10.1016/0149-7634(81)90005-1 

35. Bookout AL, Mangelsdorf DJ. Quantitative real-time PCR protocol for anal-
ysis of nuclear receptor signaling pathways. Nucl Recept Signal (2003) 1:e012. 
doi:10.1621/nrs.01012 

36. Zheleznyakova GY, Cao H, Schiöth HB. BDNF DNA methylation changes 
as a biomarker of psychiatric disorders: literature review and open access 
database analysis. Behav Brain Funct (2016) 12(1):17. doi:10.1186/s12993- 
016-0101-4 

37. Subadra K, Sathasivasubramanian S. Evaluation of p16 hypermethylation 
in oral submucous fibrosis: a quantitative and comparative analysis in 
buccal cells and saliva using real-time methylation-specific polymerase 
chain reaction. South Asian J Cancer (2016) 5(2):73–9. doi:10.4103/2278- 
330X.181645 

38. Shen L, Waterland RA. Methods of DNA methylation analysis. Curr Opin 
Clin Nutr Metab Care (2007) 10(5):576–81. doi:10.1097/MCO.0b013e3282 
bf6f43 

39. Katz RJ. Animal model of depression: pharmacological sensitivity of a 
hedonic deficit. Pharmacol Biochem Behav (1982) 16(6):965–8. doi:10.1016/ 
0091-3057(82)90053-3 

40. Qiao H, An SC, Ren W, Ma XM. Progressive alterations of hippocampal 
CA3-CA1 synapses in an animal model of depression. Behav Brain Res (2014) 
275:191–200. doi:10.1016/j.bbr.2014.08.040 

41. Mazza E, Poletti S, Bollettini I, Locatelli C, Falini A, Colombo C, et al. Body 
mass index associates with white matter microstructure in bipolar depression. 
Bipolar Disord (2017) 19(2):116–27. doi:10.1111/bdi.12484 

42. Krishnan V, Nestler EJ. The molecular neurobiology of depression. Nature 
(2008) 455(7215):894–902. doi:10.1038/nature07455 

43. Dwivedi Y. Involvement of brain-derived neurotrophic factor in late-life 
depression. Am J Geriatr Psychiatry (2013) 21(5):433–49. doi:10.1016/j.
jagp.2012.10.026 

44. Schmidt HD, Duman RS. Peripheral BDNF produces antidepressant-like 
effects in cellular and behavioral models. Neuropsychopharmacology (2010) 
35(12):2378–91. doi:10.1038/npp.2010.114 

45. Mitchelmore C, Gede L. Brain derived neurotrophic factor: epigenetic regu-
lation in psychiatric disorders. Brain Res (2014) 1586:162–72. doi:10.1016/j.
brainres.2014.06.037 

46. Varendi K, Kumar A, Härma MA, Andressoo JO. miR-1, miR-10b, miR-
155, and miR-191 are novel regulators of BDNF. Cell Mol Life Sci (2014) 
71(22):4443–56. doi:10.1007/s00018-014-1628-x 

47. Ikegame T, Bundo M, Murata Y, Kasai K, Kato T, Iwamoto K. DNA methyla-
tion of the BDNF gene and its relevance to psychiatric disorders. J Hum Genet 
(2013) 58(7):434–8. doi:10.1038/jhg.2013.65 

48. Kang HJ, Kim JM, Lee JY, Kim SY, Bae KY, Kim SW, et al. BDNF promoter 
methylation and suicidal behavior in depressive patients. J Affect Disord 
(2013) 151(2):679–85. doi:10.1016/j.jad.2013.08.001 

49. Kang HJ, Kim JM, Kim SY, Kim SW, Shin IS, Kim HR, et al. A longitudinal 
study of BDNF promoter methylation and depression in breast cancer. 
Psychiatry Investig (2015) 12(4):523–31. doi:10.4306/pi.2015.12.4.523 

https://www.frontiersin.org/Psychiatry/
https://www.frontiersin.org
https://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1016/j.jpsychires.2016.02.005
https://doi.org/10.1016/j.jpsychires.2016.02.005
https://doi.org/10.1038/tp.2015.174
https://doi.org/10.1016/j.biopsych.2008.11.029
https://doi.org/10.1155/2013/469765
https://doi.org/10.1038/npp.2009.104
https://doi.org/10.1002/da.22000
https://doi.org/10.1016/j.molmed.2005.01.002
https://doi.org/10.1196/annals.
1410.018
https://doi.org/10.1177/070674371305800203
https://doi.org/10.1038/nrn3918
https://doi.org/10.1038/nrn3918
https://doi.org/10.1017/S1461145708009309
https://doi.org/10.1038/tp.2011.33
https://doi.org/10.1038/tp.2014.126
https://doi.org/10.1038/mp.2010.98
https://doi.org/10.1016/j.neures.2014.08.003
https://doi.org/10.1016/j.neures.2014.08.003
https://doi.org/10.1007/s00127-
014-0831-2
https://doi.org/10.1007/s00127-
014-0831-2
https://doi.org/10.1126/science.1090842
https://doi.org/10.1146/annurev-pharmtox-010611-134540
https://doi.org/10.1016/j.yhbeh.2010.05.005
https://doi.org/10.1016/j.yhbeh.2010.05.005
https://doi.org/10.1371/journal.pone.0023881
https://doi.org/10.1007/s00702-014-1336-6
https://doi.org/10.1007/BF00187257
https://doi.org/10.1186/1472-6882-13-288
https://doi.org/10.1016/j.bbr.2005.01.005
https://doi.org/10.1016/j.bbr.2005.01.005
https://doi.org/10.1016/0149-7634(81)90005-1
https://doi.org/10.1621/nrs.01012
https://doi.org/10.1186/s12993-
016-0101-4
https://doi.org/10.1186/s12993-
016-0101-4
https://doi.org/10.4103/2278-
330X.181645
https://doi.org/10.4103/2278-
330X.181645
https://doi.org/10.1097/MCO.0b013e3282bf6f43
https://doi.org/10.1097/MCO.0b013e3282bf6f43
https://doi.org/10.1016/
0091-3057(82)90053-3
https://doi.org/10.1016/
0091-3057(82)90053-3
https://doi.org/10.1016/j.bbr.2014.08.040
https://doi.org/10.1111/bdi.12484
https://doi.org/10.1038/nature07455
https://doi.org/10.1016/j.jagp.2012.10.026
https://doi.org/10.1016/j.jagp.2012.10.026
https://doi.org/10.1038/npp.2010.114
https://doi.org/10.1016/j.brainres.2014.06.037
https://doi.org/10.1016/j.brainres.2014.06.037
https://doi.org/10.1007/s00018-014-1628-x
https://doi.org/10.1038/jhg.2013.65
https://doi.org/10.1016/j.jad.2013.08.001
https://doi.org/10.4306/pi.2015.12.4.523


13

Jiang et al. The Antidepressant-Like Effects of Acupuncture via the Expression of BDNF

Frontiers in Psychiatry | www.frontiersin.org March 2018 | Volume 9 | Article 102

50. Kang HJ, Kim JM, Bae KY, Kim SW, Shin IS, Kim HR, et al. Longitudinal 
associations between BDNF promoter methylation and late-life depression. 
Neurobiol Aging (2015) 36(4):1764.e1–e7. doi:10.1016/j.neurobiolaging. 
2014.12.035 

51. Choi S, Han KM, Won E, Yoon BJ, Lee MS, Ham BJ. Association of brain-de-
rived neurotrophic factor DNA methylation and reduced white matter 
integrity in the anterior corona radiata in major depression. J Affect Disord 
(2015) 172:74–80. doi:10.1016/j.jad.2014.09.042 

52. D’Addario C, Dell’Osso B, Palazzo MC, Benatti B, Lietti L, Cattaneo E, et al. 
Selective DNA methylation of BDNF promoter in bipolar disorder: differ-
ences among patients with BDI and BDII. Neuropsychopharmacology (2012) 
37(7):1647–55. doi:10.1038/npp.2012.10 

53. Stenz L, Zewdie S, Laforge-Escarra T, Prados J, La Harpe R, Dayer A, et al. 
BDNF promoter I methylation correlates between post-mortem human 
peripheral and brain tissues. Neurosci Res (2015) 91:1–7. doi:10.1016/j.neures. 
2014.10.003 

54. Perroud N, Salzmann A, Prada P, Nicastro R, Hoeppli ME, Furrer S, et  al. 
Response to psychotherapy in borderline personality disorder and methy-
lation status of the BDNF gene. Transl Psychiatry (2013) 3:e207. doi:10.1038/
tp.2012.140 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2018 Jiang, Zhang, Lu, Meng, Sun, Yang, Zhao and Bao. This is an 
open-access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) and the copyright owner are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

https://www.frontiersin.org/Psychiatry/
https://www.frontiersin.org
https://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1016/j.neurobiolaging.2014.12.035
https://doi.org/10.1016/j.neurobiolaging.2014.12.035
https://doi.org/10.1016/j.jad.2014.09.042
https://doi.org/10.1038/npp.2012.10
https://doi.org/10.1016/j.neures.
2014.10.003
https://doi.org/10.1016/j.neures.
2014.10.003
https://doi.org/10.1038/tp.2012.140
https://doi.org/10.1038/tp.2012.140
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Antidepressant-Like Effects of Acupuncture-Insights From DNA Methylation and Histone Modifications of Brain-Derived Neurotrophic Factor
	Introduction
	Materials and Methods
	Animals
	Experimental Grouping
	Reagents and Antibodies
	Induction of CUMS
	Acupuncture Stimulation
	Behavioral Observation
	Body Weight
	Sucrose Preference Test
	Open Field Test
	Samples Collection
	Biochemical Assays
	Determination of BDNF in Serum
	WB Analysis for BDNF, acH3K9, and HDAC2 in Hippocampus
	Real-Time Reverse Transcription-Polymerase Chain Reaction
	Methylation-Specific Real-Time PCR

	Data Analysis

	Results
	Behavioral Observations
	Changes in BW
	Sucrose Preference Test
	Open Field Test
	Expression Level of BDNF in Serum
	Expression Level of BDNF in the Hippocampus
	Expression of mRNA Level of BDNF in the Hippocampus
	The DNA Methylation Level of Hippocampal BDNF Promoter I Corresponding to 12 CpG Sites
	Expression Level of acH3K9 and HDAC2 in Hippocampus


	Discussion
	The Antidepressant Effect of Acupuncture
	DNA Methylation and Histone Modification of BDNF in Depression
	The Role of DNA Methylation of BDNF in Depression

	Conclusion
	Ethics Statement
	Author Contributions
	Funding
	References


