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Abstract: Objective: The aim of this study is to investigate the clinical efficacy of acupuncture therapy on patients
with post-stroke depression (PSD). Also, we determined the impact of acupuncture therapy on the optimal interac-
tive model of pll/tissue plasminogen activator (tPA)/brain-derived neurotrophic factor (BDNF) pathway genes.
Methods: A total of 200 PSD patients were enrolled according to the diagnostic criteria for stroke in the National
Conference on Cerebrovascular Disease, and they were randomly divided into an acupuncture therapy group
(n=100) and a conventional therapy group (n=100). Patients in both groups were treated with medical and rehabili-
tation therapy, and those in the acupuncture therapy group underwent conventional acupuncture therapy addition-
ally for 2 months. The basic data of patients were collected, the psychological and social factors were evaluated
using the scale evaluation method, and p11 (rs11204922), tPA (rs8178895, rs2020918) and BDNF (rs6265,
rs2049046, rs16917271, rs727155) gene polymorphisms were detected using the TagMan-MGB probe method.
Then, the results of general data, scale evaluation results and gene polymorphisms between the two groups were
compared, and the correlation between gene-gene interaction and PSD was analyzed using generalized multifactor
dimensionality reduction (GMDR). Results: Acupuncture decreased BMI, HDRS and mRS scores but elevated MMSE
score compared to conventional therapy without acupuncture therapy (P<0.05). Genotype and allele frequency of
7 SNP were not significantly changed after the treatment of acupuncture. The optimal interactive models of p11/
tPA/BDNF pathway in both groups were significantly correlated with PSD (P<0.01). We found the cross-validation
consistency and balance accuracy in GMDR analysis of the optimal interactive model in the acupuncture therapy
group were lower, but the value of the sign test was higher than those in the conventional therapy group. Conclusion:
Acupuncture therapy can improve the depressive symptoms of PSD patients and affect the gene expressions in the
p11/tPA/BDNF pathway.
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Introduction which, gene inheritance of p11/tissue plasmin-
ogen activator (tPA)/brain-derived neurotrophic
factor (BDNF) pathway plays a significant role,
and the optimal interactive models consist of
pll (rs11204922), tPA (rs8178895, 2020918)
and BDNF (rs6265, rs2049046, rs16917271,
rs727155) [6]. Currently, the findings of acu-
puncture application in the treatment of PSD
showed that acupuncture therapy can signifi-
cantly improve the depressive state of PSD
patients [7-9]. In this study, we determined the
clinical efficacy of acupuncture therapy on PSD
patients and its influence on the optimal inter-

Post-stroke depression (PSD) is a common
complication of mental disturbance after stro-
ke, the incidence rate of which is 33% [1]. PSD
is often characterized as depression, emotion-
al loss of control and lack of initiative, along
with anxiety and cognitive disorder [2]. PSD fre-
quently gives rise to serious adverse effects in
health and emotions of stroke patients, which
prolongs the rehabilitation time, reduces quali-
ty of life and increases the disability and fatality
rates. PSD thus brings great psychological pre-
ssure on patients and their families, and ca-

uses heavy economic consequences. According
to recent studies [3-5], genetic susceptibility is
implicated in the pathogenesis of PSD, among

active model of p11/tPA/BDNF pathway genes,
S0 as to provide a genetic basis for acupuncture
therapy in PSD.
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Materials and methods
Subjects of study

A total of 200 PSD patients treated in Heilong-
jiang College of Traditional Chinese Medicine
from March 2016 to December 2017 were en-
rolled according to the diagnostic criteria for
stroke in the National Conference on Cere-
brovascular Disease, including 82 males and
118 females with an average age of (65.34+
8.31) years old. Inclusion criteria: 1) patients
who were informed, agreed and were willing to
cooperate in the study, 2) patients who met the
diagnostic criteria for stroke in the National
Conference on Cerebrovascular Disease, 3)
patients aged <80 years old, 4) patients who
suffered from a stroke within 1 year and pre-
sented with stable conditions, and 5) patients
who did not have disorders in hearing, vision,
language and consciousness, presented a cer-
tain reading and dictating ability, and who could
cooperate to accomplish the examination. Ex-
clusion criteria: 1) patients with stroke accom-
panied by disturbance of consciousness, or
who could not cooperate with the examination
due to serious conditions, or 2) patients with
serious medical diseases, or severe dysfunc-
tion in the heart, liver and kidney. In this study,
patients were randomly divided into an acu-
puncture therapy group and a conventional
therapy group. In the acupuncture therapy
group (n=100), there were 46 males and 54
females with an average age of (65.42+8.76)
years old. In the conventional therapy group
(n=100), there were 36 males and 64 females
with an average age of (64.21+8.92) years old.
Patients in both groups were treated with medi-
cal and rehabilitation therapies, and those in
the acupuncture therapy group underwent
additional acupuncture therapy. The acupoint
was selected, positioned and operated accord-
ing to Acupuncture & Moxibustion, and the
treatment was performed once a day, 5 times a
week (over 2 months as a treatment course). All
the patients signed the informed consent
before the experiment, and this study was
approved by the Ethics Committee of Heilong-
jiang College of Traditional Chinese Medicine.

Acupuncture intervention

Acupuncture intervention was performed as
previously reported [10]. In brief, the patients in
the acupuncture therapy group received elec-
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troacupuncture on both sides, and acupoints
were between ipsilateral Hegu (LI4) and Quchi
(LI11) and between ipsilateral Zusanli (ST36)
and Taichong (LR3) (Hwarto, SMY-10A, Suzhou,
Jiangsu, China). The needles were fixed on the
skin with adhesive tape and patients could not
observe the acupuncture procedure. The use of
low frequency rather than high frequency was
adopted and the needles did not actually pierce
through the skin, though tingly sensations may
appeatr.

Rehabilitative therapy

Rehabilitation was conducted to maintain and
refine skills. Patients were encouraged to utilize
stroke-impaired limbs to do exercise, including
sitting up, standing, walking, bathing, dressing,
and using a toilet, with or without assistance.

Research methods

Collection of general clinical data: The name,
age, gender, body mass index (BMI), education-
al level, vascular risk factors (coronary heart
disease, hypertension, hyperlipidemia, hyper-
glycemia, smoking, drinking, etc.), the past his-
tory and family history of stroke, and family his-
tory and personal history of mental disturbance
of the PSD patients were collected.

Evaluation of psychological and social factors:
Hamilton depression rating scale (HDRS) was
adopted for the severity of depression [11],
mini-mental state examination (MMSE) for cog-
nitive function [12], Barthel index (Bl) for the
recovery of activity of daily living [13], modified
Rankin scale (mRS) for the recovery of neuro-
logical function [14], and National Institute of
Health Stoke Scale (NIHSS) for the functional
status [15]. All patients completed the survey
under the guidance of a doctor, and all scales
were comprehensively evaluated by two strict-
ly-trained and qualified doctors in the Depart-
ment of Psychiatry and Neurology.

Selection of candidate gene sites: According to
the research results of Liang JF et al [6], the
optimal interactive models of p11/tPA/BDNF
pathway were selected as follows: p11 (rs11-
204922), tPA (rs8178895, rs2020918) and
BDNF (rs6265, rs2049046, rs16917271,
rs727155). Specific genes are shown in Table
1.

Gene polymorphism detection: After 1 mL
venous blood from the elbow was collected

Int J Clin Exp Med 2020;13(3):1995-2001



Effect of acupuncture on post-stroke depression

Table 1. Information about TagMan®-MGB probe

Chromosomal Gene

Gene Site o .
position position

[VIC/FAM] sequence

pll  rs11204922 151958144 Intronic  TGCAGCAGGGTAAGGACCTCTAAAT[C/TITTAAAAAGGCTAATTTTAGGAGGTT
tPA rs8178895 42032379 UTR3 CTCCCCTCTCTTGGCCCTCTACATA[C/TITCATACCTCCATGGAGAGTGCCTTT
rs2020918 42072438 Intergenic CCCAGGCCATGGCTGTGTCTGGGGC[A/G]GGCTCCTTTGGGAGAGCGGCCAAAG

BDNF rs6265

27679916 Exonic ~ TCCTCATCCAACAGCTCTTCTATCA[C/T]GTGTTCGAAAGTGTCAGCCAATGAT

rs2049046 27723775 Intronic  CAGCAGTACCGTACTTAACTTGGAG[A/T]CCCTGGACCTCCTCGGAGCATAAAA
rs16917271 27749548 Intergenic  TCACACCAATTCTTAGGCATGGTTT[A/TIATCATTTGTGCAATTAAGATACACT
rs727155 27750449 Intergenic  AGCAGATGCATCCTTGAAGAGGCCT[C/T]GACAGAACCTAGGCCAATTCGCTTC

Table 2. Comparison of general data (Xs)/(%)

Acupuncture therapy group Conventional therapy group

(n=100) (n=100) vx P
Age (years old) 65.42+8.76 64.21+8.92 0.823 0.392
Gender (male/female) 46/54 36/64 2.067 0.151
BMI (Kg/m?) 23.45+3.24 24.21+2.78 2.547 0.011
Educational level (years) 7.90+4.65 6.64+4.50 0.216 0.601
Coronary heart disease (n) 13 (13.00) 10 (10.00) 0.442 0.506
Hypertension (n) 23 (23) 20 (20.00) 0.267 0.606
Hyperlipidemia (n) 8 (8.00) 9 (9.00) 0.064 0.800
Hyperglycemia (n) 22 (22.00) 20 (20.00) 0.121 0.728
Smoking (n) 37 (37.00) 42 (42.00) 0.523 0.470
Drinking (n) 30 (30.00) 28 (28.00) 0.097 0.755

from patients, deoxyribonucleic acid (DNA) was
extracted using the median whole blood geno-
mic DNA extraction kit (Beijing BioTeke Bio-
technology Co., Ltd., batch No.: 0020170714)
according to instructions of the kit. The geno-
type of each sample was detected and ana-
lyzed using the TagMan®SNP Genotyping
Assays kit (Thermo, batch No.: 1712101). The
10 mL SNP reaction system consisted of 5 mL
TagMan PCR Master Mix (2x), 0.5 mL TagMan
SNP genotyping assay mix, 2.5 mL distilled
water, and 2 mL DNA template. The conditions
represented denaturation at 95°C and anneal-
ing at 60°C for 20 s for 40 cycles on a Roche
480 gPCR cycler (Indianapolis, IN, USA).
Specific information about gene site probe are
shown in Table 1.

Statistical methods

SPSS 20.0 software was used for the statistical
analysis. Measurement data were expressed
as (Xzs). The independent-sample t test was
adopted for the comparison of measurement
data meeting normal distribution between two
groups, and chi-square test was used for the
comparison of measurement data and enumer-
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ation data meeting abnormal distribution.
Whether the genotype distribution meets the
Hardy-Weinberg equilibrium was analyzed via
likelihood-ratio x2 test. The genotype and allele
frequency were compared in each group using
the RxC chi-square test. Generalized multifac-
tor dimensionality reduction (GMDR) was used
to analyze the correlation between gene-gene
interactions and PSD. P<0.05 suggested that
the difference was statistically significant.

Results

Acupuncture decreased BMI compared to con-
ventional therapy

In the acupuncture therapy group, BMI was sig-
nificantly lower than that in the conventional
therapy group (P<0.05). However, there were
no differences in other general data (P>0.05)
(Table 2).

Acupuncture decreased HDRS and mRS
scores but elevated MMSE score compared to
conventional therapy

After treatment, in the acupuncture therapy
group, the HDRS score and mRS score were
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Table 3. Comparisons of scales between the two groups after treatment (X s)

Acupuncture therapy group (n=100) Conventional therapy group (n=100) t P
HDRS score 21.75+5.78 23.12+5.63 2.634 0.008
MMSE score 23.68+4.98 19.78+3.97 3.576 0.048
NIHSS score 4.69+4.13 4.78+4.07 1.354 0.178
mRS 2.02+1.43 2.36+1.21 2.059 0.047
BI 2.21+1.49 2.19+1.38 0.043 0.917

Table 4. Comparison of genotype distribution frequency between the two groups [n (%)]

Gene SNP Acupuncture therapy group Conventional therapy group e P
pll  rs11204922 T CcT ccC T CcT cc
12 (12.00) 50(50.00) 38(38.00) 10 (10.00) 47 (47.00) 43(43.00) 0.583 0.747
tPA rs8178895 cC CcT T cC CcT T
3(3.00) 22(22.00) 75 (75.00) 1(1.00) 33(33.00) 66 (66.00) 3.774 0.151
rs2020918 AA AG GG AA AG GG
6 (6.00) 37 (37.00) 57 (57.00) 5 (5.00) 37 (37.00) 58(58.00) 0.100 0.951
BDNF rs6265 GG GA AA GG GA AA
31 (31.00) 51(51.00) 18(18.00) 29(29.00) 56 (56.00) 15(15.00) 0.573 0.751
rs2049046 AA AT T AA AT T
18 (18.00) 56 (56.000) 26 (26.00) 19 (19.00) 54 (54.00) 27 (27.00) 0.082 0.960
rs16917271 AA AT T AA AT T
2 (2.00) 34 (34.00) 64 (64.00) 1(1.00) 24 (24.00) 75(75.00) 2.928 0.231
rs727155 cC CT T CC CT T
19 (19.00) 56 (56.00) 25 (25.00) 17 (17.00) 49 (49.00) 34(34.00) 1.951 0.377
statistically lower than those in the convention- Discussion

al therapy group (P<0.05), but the MMSE score
was significantly higher than that in the conven-
tional therapy group (P<0.05). No significant
differences of NIHSS score and Bl were found
between the two groups (P>0.05) (Table 3).

Genotype and allele frequency of 7 SNPs were
not significantly changed after the treatment
with acupuncture

No differences in genotype and allele frequen-
cy of 7 SNPs sites of 3 genes were observed
between the two groups (P>0.05) (Tables 4 and
5).

Acupuncture affects optimal interactive model
of p11/tPA/BDNF pathway and PSD

The optimal interactive models of the p11/tPA/
BDNF pathway in both groups were significantly
correlated with PSD (P<0.01), and the cross-
validation consistency and balance accuracy in
GMDR analysis of the optimal interactive model
in the acupuncture therapy group were lower
than those in the conventional therapy group,
with higher value in the sign test (Table 6).

1998

PSD has no matching of disease in ancient
Chinese medicine, which is roughly classified
into the “disease-induced depression” accord-
ing to its clinical manifestations. Traditional
Chinese medicine believes that PSD patients
are mostly middle-aged or elderly patients who
have deficiency of liver and kidney, deficiency of
gi and blood, malnutrition in the brain, stagnant
gi-blood circulation after stroke and stagnant
cerebral collateral flow due to blood stasis and
wind phlegm. Moreover, patients are sorrowful
about the disease, and the liver and spleen are
damaged due to stagnation of liver gi and over-
anxiety, which leads to malnutrition in the brain
and marrow, and distraction, as well as PSD.
Acupuncture therapy can dredge the channels,
promote gi and activate blood, strengthen body
resistance and eliminate evil, and disperse
stagnated liver qi to relieve depression, which
has significant efficacy in improving the neuro-
logical impairment and reducing the disability
rate of PSD patients. Zhang Lin et al [15] stud-
ied and showed that acupuncture combined
with auricular point therapy can effectively
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Table 5. Comparison of allele distribution frequency between the two groups [n (%)]

Gene SNP Acupuncture therapy group Conventional therapy group X? P
pll rs11204922 T C T C
74 (37.00) 126 (63.00) 67 (33.50) 133 (66.50) 0.537 0.464
tPA rs8178895 C T C T
28 (14.00) 172 (86.00) 35 (17.5) 165 (82.50) 0.923 0.337
rs2020918 A G A G
49 (24.50) 151 (75.50) 47 (23.50) 153 (76.50) 0.055 0.815
BDNF rs6265 G A G A
113 (56.50) 87 (43.50) 114 (57.00) 86 (43.00) 0.010 0.920
rs2049046 A T A T
92 (46.00) 108 (54.00) 92 (46.00) 108 (54.00) 0.000 1.000
rs16917271 A T A T
38 (19.00) 162 (81.00) 92 (46.00) 108 (54.00) 2.679 0.102
rs727155 C T C T
94 (47.00) 106 (53.00) 83 (41.50) 117 (58.50) 1.226 0.268

Table 6. Correlation analysis between optimal interactive model of p11/tPA/BDNF pathway and PSD

in both groups (GMDR model)

Group Interactive model  Cross-validation consistency Balance accuracy Sign test (P)

Acupuncture therapy group A1B1B2C1C2C3C4
Conventional therapy group A1B1B2C1C2C3C4

7/10 0.6798 0.002
8/10 0.7278 0.001

Note: A: p11 gene, B: tPA gene, C: BDNF gene, Al: rs11204922, B1: rs8178895, B2: rs2020918, C1: rs6252, C2:
rs2049046, C3: 16917171, C4: rs727155. GDMR analysis is performed, the results are corrected using BMI as a concomitant

variable, and the p value is replaced and corrected for 1000 times.

attenuate the clinical symptoms of PSD pa-
tients. Evidence indicated that acupuncture
therapy dredged the governor meridian com-
bined with psychological adjustment and
reduced the damage duration of PSD. It there-
fore improves the overall efficacy on PSD, and
enhances the clinical compliance [16]. The
research on electro-acupuncture therapy dem-
onstrated that it improved PSD, and the effica-
cy was more significant in the good motion
function group [17]. Results from our study
revealed that after acupuncture therapy, the
acupuncture therapy group, had BMI, HDRS
scores and mRS score that were lower than
those in the conventional therapy group, but
the MMSE score was higher than that in the
conventional therapy group; indicating that the
weight of PSD patients declined, the depres-
sion degree was reduced, the neurological
function recovered and cognition improved
after acupuncture therapy. However, the activi-
ty of daily living and functional status of patients
have no obvious improvement, because for the
NIHSS and Bl scores there were no significant
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differences between the two groups in this
study, which is consistent with research results
of other scholars. Therefore, it is believed that
acupuncture therapy can improve the progno-
sis of PSD patients.

As a regulator initiating tPA activity, p11 can
mediate the metabolism of BDNF and affect
the pathological process of PSD through modu-
lation of the tPA activity, thus it exerts an anti-
depressant effect. Several studies have dem-
onstrated that p11, tPA and BNDF genes play
roles in the occurrence of PSD [18, 19]. With
the rapid development of gene detection tech-
niques in recent years, significant progress has
been made in the analysis of gene sites. It was
found in a study on mental disturbance that
inheritance is not confined to a single site of a
single gene, but ubiquitously inclined to multi-
ple sites of multiple genes. In some complex
diseases, gene networks and pathways are
likely to affect the occurrence of diseases
through gene-gene interactions [20]. Based on
the previous finding [6], 7 SNPs sites of 3 genes
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of the optimal interactive model of genetic
inheritance were selected in this study to
explore the influence on pl11/tPA/BDNF path-
way genes after acupuncture therapy, and the
genotype and allele frequency of the 7 SNPs
sites of the 3 genes showed no differences
between the two groups, suggesting that the 7
SNPs sites of the 3 genes alone have no corre-
lations with the formation of PSD, and further
proving that mental disturbance is not just the
inheritance of a single gene or a single site.
Accordingly, the gene-gene interaction was fur-
ther analyzed using GDMR. The results showed
that the optimal interactive models of p11/tPA/
BDNF pathway in both groups were significantly
correlated with PSD (P<0.01), which provides
experimental evidence proving that PSD is
caused by gene-gene interactions, and offers
evidence confirming that the pl11/tPA/BDNF
pathway genes are involved in the occurrence
of PSD, and that mental disturbance is induced
by the combined effect of multiple genes [21].
In addition, it was also found that the cross-
validation consistency and balance accuracy of
an optimal interactive model in the acupunc-
ture therapy group were lower than those in the
conventional therapy group, with higher value
of a sign test, indicating that acupuncture ther-
apy affects the expressions of the pl11/tPA/
BDNF pathway genes, thus changing the inter-
active model of PSD.

Conclusion

Our data demonstrate that acupuncture thera-
py can improve the depressive symptoms of
PSD patients and affect the gene expressions
of p11/tPA/BDNF pathway, which provides fun-
damental leads for the future treatment of PSD.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Peng Sang, Depart-
ment of Five Families of Acupuncture and Moxibu-
stion, Heilongjiang College of Traditional Chinese
Medicine, No. 23 Xidazhi Street, Nangang District,
Harbin 150001, Heilongjiang, China. Tel: +86-0451-
87588511; Fax: +86-0451-87588511; E-mail:
Pengsang4tr@163.com

References

[1] Hackett ML, Yapa C, Parag V and Anderson CS.
Frequency of depression after stroke: a sys-

2000

(2]

(4]

(5]

(6]

(7]

(8]

(10]

(11]

[12]

(13]

[14]

tematic review of observational studies. Stroke
2005; 36: 1330-1340.

Singh A, Black SE, Herrmann N, Leibovitch FS,
Ebert PL, Lawrence J and Szalai JP. Functional
and neuroanatomic correlations in poststroke
depression: the sunnybrook stroke study.
Stroke 2000; 31: 637-644.

Eum Y and Yim J. Literature and art therapy in
post-stroke psychological disorders. Tohoku J
Exp Med 2015; 235: 17-23.

Dwyer Hollender K. Screening, diagnosis, and
treatment of post-stroke depression. J Neuro-
sci Nurs 2014; 46: 135-141.

Fang J and Cheng Q. Etiological mechanisms
of post-stroke depression: a review. Neurol Res
2009; 31: 904-909.

Liang J, Yue Y, Jiang H, Geng D, Wang J, Lu J, Li
S, Zhang K, Wu A and Yuan Y. Genetic varia-
tions in the p11/tPA/BDNF pathway are asso-
ciated with post stroke depression. J Affect
Disord 2018; 226: 313-325.

Cai W, Ma W, Wang GT and Shen WD. Efficacy
and safety of electroacupuncture for post
stroke depression: study protocol for a ran-
domized controlled trial. Trials 2018; 19: 152.
Tseng SP, Hsu YC, Chiu CJ and Wu ST. A popu-
lation-based cohort study on the ability of acu-
puncture to reduce post-stroke depression.
Medicines (Basel) 2017; 4.

Youn JI, Sung KK, Song BK, Kim M and Lee S.
Effects of electro-acupuncture therapy on
post-stroke depression in patients with differ-
ent degrees of motor function impairments: a
pilot study. J Phys Ther Sci 2013; 25: 725-728.
Man SC, Hung BH, Ng RM, Yu XC, Cheung H,
Fung MP, Li LS, Leung KP, Leung KP, Tsang KW,
Ziea E, Wong VT and Zhang ZJ. A pilot con-
trolled trial of a combination of dense cranial
electroacupuncture stimulation and body acu-
puncture for post-stroke depression. BMC
Complement Altern Med 2014; 14: 255.
Hamilton M. A rating scale for depression. J
Neurol Neurosurg Psychiatry 1960; 23: 56-62.
Cockrell JR and Folstein MF. Mini-mental state
examination (MMSE). Psychopharmacol Bull
1988; 24: 689-692.

Mahoney Fl and Barthel DW. Functional evalu-
ation: the barthel index. Md State Med J 1965;
14: 61-65.

Banks JL and Marotta CA. Outcomes validity
and reliability of the modified rankin scale: im-
plications for stroke clinical trials: a literature
review and synthesis. Stroke 2007; 38: 1091-
1096.

Goldstein LB, Bertels C and Davis JN. Interrater
reliability of the NIH stroke scale. Arch Neurol
1989; 46: 660-662.

Zhang L, Zhong Y, Quan S, Liu Y, Shi X, Li Zand
Wang J. Acupuncture combined with auricular

Int J Clin Exp Med 2020:13(3):1995-2001



[17]

(18]

[19]

2001

Effect of acupuncture on post-stroke depression

point sticking therapy for post stroke depres-
sion: a randomized controlled trial. Zhongguo
Zhen Jiu 2017; 37: 581-585.

Sun P, Chu H, Li P, Wang T, Pu F, Wu J, Liu X,
Luo CM and Liu Y. The effect of the acupunc-
ture intervention of dredging Governor Vessel
and regulating mentality for the medication
treatment of post-stroke depression. Zhongguo
Zhen Jiu 2015; 35: 753-757.

Youn JI, Sung KK, Song BK, Kim M and Lee S.
Effects of electro-acupuncture therapy on
post-stroke depression in patients with differ-
ent degrees of motor function impairments: a
pilot study. J Phys Ther Sci 2013; 25: 725-728.
Alexander B, Warner-Schmidt J, Eriksson T,
Tamminga C, Arango-Lievano M, Ghose S,
Vernov M, Stavarache M, Musatov S, Flajolet
M, Svenningsson P, Greengard P and Kaplitt
MG. Reversal of depressed behaviors in mice
by pl1 gene therapy in the nucleus accum-
bens. Sci Transl Med 2010; 2: 54ra76.

[20] Melas PA, Rogdaki M, Lennartsson A, Bjork K,

[21]

Qi H, Witasp A, Werme M, Wegener G, Mathe
AA, Svenningsson P and Lavebratt C.
Antidepressant treatment is associated with
epigenetic alterations in the promoter of P11
in a genetic model of depression. Int J
Neuropsychopharmacol 2012; 15: 669-679.
Gandal MJ, Haney JR, Parikshak NN, Leppa V,
Ramaswami G, Hartl C, Schork AJ, Appadurai
V, Buil A, Werge TM, Liu C and White KP;
CommonMind Consortium; PsychENCODE
Consortium; iPSYCH-BROAD Working Group,
Horvath S and Geschwind DH. Shared molecu-
lar neuropathology across major psychiatric
disorders parallels polygenic overlap. Science
2018; 359: 693-697.

Int J Clin Exp Med 2020:13(3):1995-2001



