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Background: Berberine has been found to inhibit the progression of depression disorder,
but its specific mechanism is still unclear. MicroRNA (miRNA) is considered to play an
important role in the progression of depression. However, it is unclear whether Berberine is
involved in the regulation of depression progression through miRNA.

Methods: The chronic unpredictable mild stress (CUMS) mice model was constructed.
Mice depression behaviors were evaluated by sucrose preference test (SPT) and forced swim
test (FST). Quantitative real-time PCR was employed to assess the expression of miR-34b-
5p, miR-470-5p and brain-derived neurotrophic factor (BDNF). The protein expression of
BDNF was examined using Western blot analysis. In addition, the viability and apoptosis of
hippocampal neurons were determined using cell counting kit 8 assay, flow cytometry and
TUNEL assay. The interaction between BDNF and miR-34b-5p or miR-470-5p was verified
by dual-luciferase reporter assay and RNA immunoprecipitation assay.

Results: Our data indicated that Berberine could inhibit CUMS mice depression behaviors
and enhance hippocampal neurons growth by targeting miR-34b-5p and miR-470-5p. In
addition, we found that BDNF was a target of miR-34b-5p and miR-470-5p. Overexpressed
BDNF could reverse the regulation of miR-34b-5p and miR-470-5p on CUMS mice depres-
sion behaviors and hippocampal neurons growth. Furthermore, Berberine could promote
BDNF expression to regulate CUMS mice depression behaviors and hippocampal neurons
growth.

Conclusion: Berberine might inhibit the progression of depression disorder by regulating
the miR-34b-5p/miR-470-5p/BDNF axis.
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Introduction

Depression disorder is a chronic mood disorder disease characterized by low
emotions, delayed thinking, and delayed speech and action.'** Depression disorder
not only seriously the lives of patients, but also brings a heavy burden to the family
and society.>* Chronic unpredictable mild stress (CUMS) is a widely used animal
depression model at present, which is characterized by depressive symptoms such
as loss of appetite, weight loss, loss of interest, decreased sensitivity, or anhedonia
after animals have been subjected to different random stimuli for a long time.>°
Compared with other animal models (eg chronic social defeat stress model),”'° the
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CUMS model simulates the impact of various factors such
as social life and environment on humans, and can more

reflect the
11,12

truly pathological process of major
depression.

Berberine is an antibacterial alkaloid extracted from
Berberis plants such as Coptis and Phellodendron, which is
often used clinically to treat diarrhea.'*'* Modern pharmaco-
logical studies have confirmed that Berberine has important
application prospects in cardiovascular, nervous system and
mental diseases.'>!” Studies have reported that Berberine can
inhibit the development of depression disorder,'®' but the
specific mechanism is not completely clear.

MicroRNA (miRNA) is a non-coding RNA with a length
of about 22 nucleotides, and it is related to the progression of
many diseases, including depression disorder.”*?' Previous
studies have shown that the abnormal expression of let-7e,
miR-146a and miR-155 is related to the severity of depression
disorder.*> MiR-34b-5p was found to be significantly upregu-
lated in the peripheral blood leukocytes of patients with major
depression disorder,” and had markedly increased expression
in mice under CUMS program.** In addition, miR-470-5p had
also been demonstrated to be elevated in CUMS-induced
depression mice.”> Unfortunately, it is unclear whether miR-
34b-5p and miR-470-5p can regulate depressive behavior.

Brain-derived neurotrophic factor (BDNF) is a protein
synthesized in the brain and plays an important role in the
survival, differentiation, growth and development of
neurons.”?’” Numerous studies have demonstrated that
BDNF is a key sensor for antidepressant drugs and is of
great significance for the treatment of depression
disorder.*®* It has been reported that BDNF is down-
regulated in CUMS mice, which can participate in depres-
sion disorder development and hippocampal neurons
injury. 30!

In our research, we found that Berberine could regulate
CUMS mice depressive behavior and hippocampal neurons
growth, as well as regulate the expression of miR-34b-5p,
miR-470-5p and BDNF. In addition, bioinformatics analysis
found that both miR-34b-5p and miR-470-5p could target
BDNF. Therefore, we hypothesized that Berberine might
suppress progression of depression disorder by regulating
the miR-34b-5p/miR-470-5p/BDNF axis.

Materials and Methods

Animals
Male C57BL/6J mice (8 weeks old) were obtained from
Vital River (Beijing, China). All mice were kept in a 12

h light/dark cycle space and given free access to food and
water. All animal protocols were approved by Ethics
Committee of Shengjing Hospital of China Medical
University and performed according to the Guide for the
Care and Use of Laboratory Animals (Eighth Edition,
National Research Council).

CUMS Program

During the modeling process, the mice were kept in single
cages. The CUMS program was carried out in accordance
with with
modifications.>” The following various pressure stimuli

previous  research  methods minor
were given to mice within 5 weeks. Including water for-
bidden for 24 h, fasting for 24 h, peculiar smell, wet cage
for 24 h, restraint (3 h), pinching (2 min, 2 cm from the tip
of the tail), and noise. Mice received 1 stressor randomly
every day for 5 weeks. The mice in the control group did
not receive any stimulation. Then, all mice were per-

formed the behavioral tests.

Sucrose Preference Test (SPT)

The mice were raised individually before the experi-
ment. During the training period, 2 bottles of 1% (w/
v) sucrose solution were placed in the squirrel cage for
24 h. After that, one of the bottles was changed to pure
water, and after 12 h of adaptation, the position of
sucrose water and pure water were changed to continue
to adapt for 12 h. After the mice were deprived of water
and food for 24 h, 1 bottle of water and 1 bottle of 1%
(w/v) sucrose solution were placed in cages with free
access. 24 h later, the remaining amounts of sucrose and
water were determined. The sucrose preference (%) was
determined using: sucrose preference (%) = sucrose
consumption/(water consumption + sucrose consump-
tion) x 100%.

Forced Swim Test (FST)

The mice were putted in a cylindrical container (water depth
of about 30 cm) filled with clean water, and was force to
swim. A camera system was used to record the swimming
time and immobility time of mice within 5 min. Swimming
time referred to the time when the mice upper body or head
on the surface of the water and swimming continuously. The
immobility time referred to the time when the mice had its
head out of the water, floating motionless, or occasionally
swimming forelegs to keep the body in balance.
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Adenovirus Injection and Berberine

Treatment

MiR-34b-5p and miR-470-5p overexpressing adenovirus
vectors (Ad-miR-34b-5p and Ad-miR-470-5p) and their
controls (Ad-miR-NC), BDNF overexpressing adenovirus
vector or short guide RNA (sgRNA) adenovirus vector
(Ad-BDNF and sg-BDNF) and their controls (Ad-NC
and sg-NC) were constructed from Hanbio (Shanghai,
China). CUMS mice were anesthetized by intraperitoneal
injection of 10% chloral hydrate (4 mL/kg, Sigma-Aldrich,
St. Louis, MO, USA) and fixed on a stereotactic instru-
ment. A 0.5 mm diameter drill was used to open the skull
on both sides of the mice. Subsequently, the adenovirus
vectors (10" pfu/mL, 1 uL) were slowly injected into the
hippocampus using a glass microtube fixed on the stereo-
taxic instrument. After the operation, the mice were taken
out of the stereotaxic instrument and placed in a warm
cage to recover. On the third day after the operation,
20 mg/kg/day Berberine (dissolved in normal saline;
Guangrui Bio, Shanghai, China) was administered by
gavage. 2 weeks after the surgery, the mice were subjected
to behavioral tests. In addition, the mice were euthanized
and their hippocampus tissues were taken to detect the
expression of miRNA and BDNF.

Hippocampal Neurons Transfection and

Berberine Treatment

Mice hippocampal neurons were obtained from Procell
Life Science & Technology (Wuhan, China) and cultured
in complete culture medium for mice hippocampal neu-
rons (CM-M107, Procell Life Science & Technology).
MiR-34b-5p and miR-470-5p mimics (miR-34b-5p and
miR-470-5p) and inhibitors (anti-miR-34b-5p and anti-
miR-470-5p), BDNF pcDNA overexpression vector and
small interfering RNA (siRNA) (BDNF and si-BDNF)
anti-miR-NC,
pcDNA and si-NC) were obtained from Genepharma
(Shanghai, China). Lipofectamine 3000 reagent
(Invitrogen, Carlsbad, CA, USA) was used for cell trans-
fection. After transfection for 24 h, hippocampal neurons
were treated with 10> mol/L Berberine for 24 h.

and their negative controls (miR-NC,

Quantitative Real-Time PCR (qRT-PCR)

After extracted RNA from the hippocampus tissues and
hippocampal neurons using TRIzol reagent (Invitrogen),
the RNA was reverse-transcribed into cDNA using the
HiScript® II One Step RT-PCR Kit (Vazyme, Nanjing,

China). QRT-PCR was performed using SYBR Green
(Solarbio, Beijing, China) on PCR system. U6 or
GAPDH was utilized as the internal control for miRNA
and BNDF, respectively. Relative expression was deter-

mined using the 2744¢T

method. The primers used in this
research  were as  below:  miR-34b-5p, 5'-
CGAGGCAGTGTAATTAGCTGATTGT-3'; miR-470-5p,
F, 5-GTGCGAACCAGTACCTTTCTG-3', R 5'-
GTGCAGGGTCCGAGGT-3"; U6, F 5-GCTTCGGCA
GCACATATACTAAAAT-3', R 5-CGCTTCACGAATTT
GCGTGTCAT-3"; BDNF, F 5-AAGGACGCGGACT
TGTACAC-3', R 5-CGCTAATACTGTCACACACGC
-3'; GAPDH, F 5'-CGTCCCGTAGACAAAATGGT-3',
R 5'-TTGATGGCAACAATCTCCAC-3".

Western Blot (WB) Analysis

Hippocampus tissues and hippocampal neurons were trea-
ted with ice-cold RIPA lysis buffer (Beyotime, Shanghai,
China) to extract protein. After determining the protein
concentrations using BCA Assay Kit (Beyotime), protein
samples were separated in SDS-PAGE gels and then trans-
ferred onto PVDF membranes (Invitrogen). Subsequently,
the membrane was incubated with skim milk, primary
antibody against BDNF (1:2000, Boster, Beijing, China)
or GAPDH (1:2000, Boster), and secondary antibody
(Goat anti-rabbit, 1:10,000, Boster) in turn. The signal
intensity was determined by Super ECL Detection
Reagent (Yeasen, Shanghai, China).

Cell Counting Kit 8 (CCK8) Assay
Hippocampal neurons were seeded in 96-well plates. After
incubating for 48 h, the cells were added with CCKS
solution (10 puL, Dojindo, Kumamoto, Japan) for 4 h, the
absorbance was analyzed at 450 nm using a microplate
reader to evaluate cell viability.

Flow Cytometry

The apoptosis of hippocampal neurons was detected by
Annexin V-FITC Apoptosis Detection Kit (Dojindo).
Hippocampal neurons were collected and then suspended
with 1 x Binging Buffer to obtain the cell suspensions.
Subsequently, the cell suspensions were stained with
Annexin V-FITC and Propidium iodide for 30 min. The
apoptosis rate of cells was examined by a flow cytometry.

TUNEL Assay
TUNEL assay reagent was obtained from Merck KGaA
(Darmstadt, Germany). According to the kit instructions,
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TUNEL positive cells in hippocampal neurons were ana-
lyzed under microscopy.

Dual-Luciferase Reporter Assay
The sequences of BDNF 3'UTR containing the binding
sites or mutant sites with miR-34b-5p or miR-470-5p were
amplified and fused into the psiCHECK2 luciferase vector
(Promega, Madison, WI, USA) to generate the WT/MUT-
BDNF 3'UTR-1 or WI/MUT-BDNF 3'UTR-2 vectors,
respectively. Then, 20 ng vectors and 50 nM of miRNAs
mimic or miR-NC were co-transfected into HEK293T
(24-well Life
Technology). activities

Science &
(Firefly/
Renilla) were assessed after 48 h using Dual-Glo®

cells plates, Procell

Relative luciferase
Luciferase Assay System (Promega).

RNA Immunoprecipitation (RIP) Assay

RIP Kit (Millipore, Billerica, MA, USA) was used to per-
form this assay. Hippocampal neurons were lysed to col-
lect cell suspensions. After suspending with RIP lysis
buffer, cell suspensions were incubated with magnetic
beads pre-coated with Ago2 antibody (1:20, Boster) or
IgG antibody (1:50, Boster) to get the immunoprecipita-
tion complex. The relative RNA enrichments of miR-34b-
5p, miR-470-5p and BDNF were measured by qRT-PCR.

Statistical Analysis

All experiments were performed in triplicate and all data
were shown as mean+standard deviation. GraphPad
Prism 7 software (GraphPad, La Jolla, CA, USA) was
employed to perform statistical analysis. The statistical
significance was analyzed using Student’s #-test or one-
way analysis of variance followed by a Tukey post-hoc
test. The correlation between BDNF and miR-34b-5p or
miR-470-5p was analyzed using Pearson correlation ana-
lysis. P <0.05 was considered statistically significant.

Results

Berberine Ameliorated Depressive-Like
Behavior in CUMS Mice and Regulated
miR-34b-5p, miR-470-5p and BDNF
Expression

To confirm the role of Berberine in depression disorder,
C57BL/6]J mice were received a 5-week CUMS program.
After exposed to CUMS, the sucrose preference and swim-
ming time of mice were significantly reduced, while the

treatment of Berberine could increase the sucrose

preference and swimming time of CUMS mice (Figure
1A and B). Also, the immobility time of the mice exposed
to CUMS was markedly enhanced, while Berberine could
effectively decrease the immobility time of CUMS mice
(Figure 1C). In the hippocampus of CUMS mice, we
found that miR-34b-5p and miR-470-5p were remarkably
upregulated compared to the control mice, and this effect
could be significantly inhibited by Berberine (Figure 1D
and E). In addition, the mRNA and protein expression
levels of BDNF were markedly downregulated in the
of CUMS mice (Figure 1F and G).
Surprisingly, correlation analysis showed that BDNF

hippocampus

mRNA expression was negatively correlated with miR-
34b-5p and miR-470-5p expression in the hippocampus
of CUMS mice (Figure 1H and I). These data showed
that miR-34b-5p, miR-470-5p and BDNF might have
important roles in the regulation of in Berberine regulating
depressive-like behavior.

Berberine Regulated CUMS Mice
Depressive Behavior and Hippocampal

Neurons Growth by Targeting miR-34b-
5p

To explore the role of miR-34b-5p in depression disorder,
miR-NC or miR-34b-5p overexpressing adenovirus were
injected into the hippocampus of CUMS mice, followed by
treating with Berberine. By measuring miR-34b-5p expres-
sion, we found that the miR-34b-5p expression was mark-
edly enhanced in the hippocampus of CUMS mice injected
with miR-34b-5p overexpressing adenovirus, while this
effect could be inhibited by Berberine treatment (Figure
2A). Function experiments showed that overexpressed
miR-34b-5p could obviously decrease the sucrose preference
and swimming time, and significantly increase the immobi-
lity time of CUMS mice, while the treatment of Berberine
could effectively reverse the promotion effect of miR-34b-5p
on the depressive-like behavior of CUMS mice (Figure 2B—
D). To further confirm the function of miR-34b-5p, miR-
34b-5p mimic was transfected into hippocampal neurons,
and then treated with Berberine. The detection results of
cell viability and apoptosis suggested that miR-34b-5p over-
expression notably inhibited cell viability and significantly
promoted cell apoptosis, while these effects could be
reversed by Berberine (Figure 2E and F). Furthermore,
miR-34b-5p also markedly enhanced the TUNEL positive
cells in hippocampal neurons, and Berberine treatment also
could abolish this effect (Figure 2G). All data confirmed that
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Figure | Berberine ameliorated depressive-like behavior in CUMS mice. C57BL/6] mice were received a 5-week CUMS program with or without Berberine treatment.
Non-treated mice were used as control. SPT (A) and FST (B and C) were used to evaluate the sucrose preference, swimming time and immobility time of mice. (D and E)
MiR-34b-5p and miR-470-5p expression in the hippocampus of CUMS mice and control mice was measured using qRT-PCR. (F and G) QRT-PCR and WB analysis were used
to assess BDNF mRNA and protein expression in the hippocampus of CUMS mice and control mice. (H and I) Pearson correlation analysis was used to assess the
correlation between BDNF mRNA expression and miR-34b-5p or miR-470-5p expression in the hippocampus of CUMS mice. **P < 0.01, ***P < 0.001, ***P < 0.0001.

Berberine inhibited miR-34b-5p expression to regulate

depressive behavior and hippocampal neurons growth.

Berberine Regulated miR-470-5p
Expression to Mediate CUMS Mice
Depressive Behavior and Hippocampal

Neurons Growth

Similarly, we evaluated the role of miR-470-5p in depression
disorder by injecting the miR-470-5p overexpressing adeno-
virus into C57BL/6J mice. After injecting, miR-470-5p

expression was indeed significantly increased the hippocam-
pus of CUMS mice, and Berberine could effectively inhibit
miR-470-5p expression (Figure 3A). Further studies showed
that Berberine could reverse the inhibitory effect of miR-470-
5p overexpression on the sucrose preference and swimming
time, and the promoting effect on the immobility time in
CUMS mice (Figure 3B-D). In hippocampal neurons trans-
fected with miR-470-5p mimic, we discovered that miR-470-
5p also repressed the viability and increased the apoptosis and
TUNEL positive cells. However, the inhibition effect of miR-
470-5p on hippocampal neurons growth also could be reversed
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Figure 2 Berberine regulated CUMS mice depressive behavior and hippocampal neurons growth by targeting miR-34b-5p. (A-D) CUMS mice were divided into 5 groups,
including control, CUMS, CUMS + Ad-miR-NC, CUMS + Ad-miR-34b-5p, CUMS + Ad-miR-34b-5p + Berberine. (A) QRT-PCR was used to test miR-34b-5p expression. The
sucrose preference, swimming time and immobility time of mice were determined using SPT (B) and FST (C and D). (E-G) Hippocampal neurons were transfected with
miR-34b-5p mimic or miR-NC, or treated with Berberine. Non-transfected and non-treated cells were used as control. (E) CCK8 assay was used to detect cell viability. The
apoptosis rate and TUNEL positive cells were determined using flow cytometry (F) and TUNEL assay (G) to assess cell apoptosis. *P < 0.05, **P < 0.01, ***P < 0.001,

P < 0.0001.

by Berberine (Figure 3E-G). Therefore, our data revealed that
Berberine also could hinder miR-470-5p expression to regulate
depressive behavior and hippocampal neurons growth.

BDNF Was a Target of miR-34b-5p and
miR-470-5p

Using the starBase v2.0 software, we found that BDNF had
complementary binding sites with miR-34b-5p and miR-470-
Sp (Figure 4A). Dual-luciferase reporter assay results deter-
mined that miR-34b-5p and miR-470-5p overexpression
could reduce the luciferase activity of WT-BDNF-3'UTR-1
vector and WT-BDNF-3'UTR-2 vector, respectively, but had
no effect on the luciferase activity of their corresponding
MUT vectors (Figure 4B). Furthermore, the results of RIP

assay suggested that the levels of miR-34b-5p and BDNF, as
well as miR-470-5p and BDNF were significantly enriched
in Ago2 (Figure 4C). In order to determine the regulation of
miR-34b-5p and miR-470-5p on BDNF expression, hippo-
campal neurons were transfected with the mimics or inhibi-
tors of miR-34b-5p and miR-470-5p. The significant increase
or decrease of miR-34b-5p and miR-470-5p expression indi-
cated that the transfections of miR-34b-5p and miR-470-5p
mimics or inhibitors were effective (Figure 4D and E).
Through measuring BDNF protein expression, we discov-
ered that the BDNF protein expression could be inhibited by
miR-34b-5p and miR-470-5p overexpression, while pro-
moted by miR-34b-5p and miR-470-5p inhibition (Figure
4F and G). These results demonstrated that BDNF could be
targeted by miR-34b-5p and miR-470-5p.
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Figure 3 Berberine regulated miR-470-5p expression to mediate CUMS mice depressive behavior and hippocampal neurons growth. (A—D) C57BL/6] mice were divided
into 5 groups, including control, CUMS, CUMS + Ad-miR-NC, CUMS + Ad-miR-470-5p, CUMS + Ad-miR-470-5p + Berberine. (A) QRT-PCR was used to test miR-470-5p
expression. SPT (B) and FST (C and D) were performed to detect the sucrose preference, swimming time and immobility time of mice. (E-G) Hippocampal neurons were
transfected with miR-470-5p mimic or miR-NC, or treated with Berberine. Non-transfected and non-treated cells were used as control. (E) CCK8 assay was utilized for
measuring cell viability. Flow cytometry (F) and TUNEL assay (G) were used to assess the apoptosis rate and TUNEL positive cells to evaluate cell apoptosis. *P < 0.05, ¥P <

0.01, **P < 0.001, ***P < 0.0001.

MiR-34b-5p and miR-470-5p Regulated
CUMS Mice Depressive Behavior and
Hippocampal Neurons Growth by
Targeting BDNF

To evaluate whether miR-34b-5p regulated CUMS mice
depressive behavior and hippocampal neurons growth by
targeting BDNF, we co-injected with miR-34b-5p over-
expressing adenovirus and BDNF overexpressing adeno-
virus into mice. Overexpressed BDNF could effectively
restore the inhibitory effect of miR-34b-5p mimic on
BDNF expression in the hippocampus of CUMS mice
(Figure 5A). By examining the depressive behavior in
CUMS mice, we found that overexpression of BDNF
significantly reversed the decreasing effect of miR-34b-

5p on sucrose preference and swimming time, as well as
the increasing effect on immobility time in CUMS mice
(Figure 5B-D). Also, overexpressed BDNF abolished the
inhibitory of miR-34b-5p on the viability, and the pro-
motion effect on the apoptosis and TUNEL positive cells
of hippocampal neurons (Figure SE-H). In addition, we
also co-injected with miR-470-5p overexpressing adeno-
virus and BDNF overexpressing adenovirus into mice.
The increased BDNF protein expression in CUMS mice
co-injected with miR-470-5p overexpressing adenovirus
and BDNF overexpression vector confirmed the injection
was successful (Figure 6A). Similarly, we also discov-
ered that overexpressed BDNF could reverse the inhibi-
tion effect of miR-470-5p overexpression on sucrose
preference and swimming time, and the enhancing effect
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Figure 4 MiR-34b-5p and miR-470-5p directly interacted with BDNF. (A) The sequences of WT/MUT-BDNF 3'UTR-| and WT/MUT-BDNF 3'UTR-2 were shown. Dual-
luciferase reporter assay (B) and RIP assay (C) were used to evaluate the interaction between BDNF and miR-34b-5p or miR-470-5p. (D) The transfection efficiencies of
miR-34b-5p mimic and inhibitor were evaluated by measuring miR-34b-5p expression in hippocampal neurons. (E) MiR-470-5p expression was determined using qRT-PCR to
assess the transfection efficiencies of miR-470-5p mimic or inhibitor in hippocampal neurons. (F and G) BDNF protein expression was tested by VB analysis in hippocampal
neurons transfected with miR-34b-5p and miR-470-5p mimics or inhibitors. **P < 0.01, ***P < 0.001, ****P < 0.0001.

on immobility time in CUMS mice (Figure 6B-D). Also,
the suppressive effect of miR-470-5p on cell viability
and the accelerating effect on apoptosis and TUNEL
positive cells in hippocampal neurons also could be
abolished by the addition of BDNF overexpression vec-
tor (Figure 6E-H). The above results confirmed that
miR-34b-5p and miR-470-5p targeted BDNF to regulate
depressive behavior and hippocampal neurons growth.

Berberine Mediated BDNF Expression to
Regulate CUMS Mice Depressive
Behavior and Hippocampal Neurons

Growth

To further evaluate the role of BDNF in depression dis-
order, the sgRNA adenovirus vector of BDNF was injected
into CUMS mice, followed by treating with Berberine.
The detection of BDNF expression showed that BDNF
silencing could markedly inhibit BDNF expression in the
hippocampus of CUMS mice, while Berberine treatment
could reverse this effect (Figure 7A). Further analysis
revealed that knockdown of BDNF could reduce the

sucrose preference, swimming time, and increase the

immobility time in CUMS mice, while these effects also
could be abolished by Berberine (Figure 7B—D). In hippo-
campal neurons transfected with si-BDNF, cell viability
was markedly reduced, and cell apoptosis and TUNEL
positive cells were significantly enhanced. However, the
addition of Berberine also could reverse the suppressive
effect of BDNF knockdown on hippocampal neurons
growth (Figure 7E-G). Hence, we concluded that BDNF
was involved in the regulation of Berberine on depression
disorder and hippocampal neurons growth.

Berberine Regulated BDNF Expression by
Targeting miR-34b-5p and miR-470-5p in
Hippocampal Neurons

To further confirm whether Berberine regulated BDNF
expression via miR-34b-5p and miR-470-5p, hippocampal
neurons were transfected with miR-34b-5p or miR-470-5p
mimics, followed by treating with Berberine. As shown in
Figure 8A and B, we found that the inhibition effects of
miR-34b-5p and miR-470-5p overexpression on the
mRNA and protein expression of BDNF could be reversed
by Berberine. Therefore, our data revealed that Berberine
mediated CUMS mice and

depressive  behavior
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Figure 5 MiR-34b-5p and BDNF regulated CUMS mice depressive behavior and hippocampal neurons growth. (A-D) C57BL/6] mice were performed CUMS program, and
then injected with Ad-miR-NC, Ad-miR-34b-5p, Ad-miR-34b-5p + Ad-NC or Ad-miR-34b-5p + Ad-BDNF. Non-treated mice were used as control. (A) WB analysis was
used to test BDNF expression. SPT (B) and FST (C and D) were used to measure the sucrose preference, swimming time and immobility time of mice. (E-H) Hippocampal
neurons were transfected with miR-NC, miR-34b-5p, miR-34b-5p + pcDNA or miR-34b-5p + BDNF. Non-transfected and non-treated cells were used as control. (E) Cell
viability was measured using CCK8 assay. Flow cytometry (F and G) and TUNEL assay (H) were performed to detect cell apoptosis rate and TUNEL positive cells to assess
cell apoptosis. *P < 0.05, **P < 0.0, **P < 0.001, ****P < 0.0001.
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Figure 6 MiR-470-5p and BDNF regulated CUMS mice depressive behavior and hippocampal neurons growth. (A-D) C57BL/6] mice were performed CUMS program, and
then injected with Ad-miR-NC, Ad-miR-470-5p, Ad-miR-470-5p + Ad-NC or Ad-miR-470-5p + Ad-BDNF. Non-treated mice were used as control. (A) BDNF expression
was determined using WB analysis. SPT (B) and FST (C and D) were performed to examine the sucrose preference, swimming time and immobility time of mice. (E-H)
Hippocampal neurons were transfected with miR-NC, miR-470-5p, miR-470-5p + pcDNA or miR-470-5p + BDNF. Non-transfected and non-treated cells were used as
control. (E) The viability of cells was assessed using CCK8 assay. Cell apoptosis rate and TUNEL positive cells were determined by flow cytometry (F and G) and TUNEL
assay (H) to evaluate cell apoptosis. *P < 0.05, **P < 0.01, ***P < 0.001, ***P < 0.0001.
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Figure 7 Berberine mediated BDNF expression to regulate CUMS mice depressive behavior and hippocampal neurons growth. (A-D) C57BL/6) mice were divided into 5
groups, including control, CUMS, CUMS + sg-NC, CUMS + sg-BDNF, CUMS + sg-BDNF + Berberine. (A) BDNF protein expression was determined using WB analysis. SPT
(B) and FST (C-D) were used to evaluate the sucrose preference, swimming time and immobility time of mice. (E-G) Hippocampal neurons were transfected with si-NC or
si-BDNF, or treated with Berberine. Non-transfected and non-treated cells were used as control. (E) The viability of cells was tested using CCK8 assay. Flow cytometry (F)
and TUNEL assay (G) were employed to detect cell apoptosis rate and TUNEL positive cells to assess cell apoptosis. *P < 0.05, **P < 0.01, ***P < 0.001, ***P < 0.0001.

hippocampal neurons growth by regulating the miR-34b-
S5p/miR-470-5p/BDNF axis (Figure 9).

Discussion

At present, Berberine has shown a significant anti-
depressant effect in the treatment of depression disorder,
but its specific mechanism remains to be elucidated. There
is evidence that a large number of miRNAs are specifically
expressed or enriched in the brain or central nervous
system, and the neurological disorders in depression
patients are often accompanied by disorders in the expres-
sion of many miRNAs.**** MiRNAs have been proven to
be used for the diagnosis and treatment biomarkers of
depression.>>~® Here, we found that Berberine could reg-
ulate miR-34b-5p, miR-470-5p and BDNF expression, so

we speculated that Berberine regulated the progression of
depression disorder through miRNA/mRNA axis. Around
this hypothesis, a series of experiments were carried out.
MiR-34b-5p has been found to be involved in the pro-
gression of many diseases. Li et al suggested that miR-34b-
5p overexpression could inhibit the oxidative stress injury of
Parkinson’s disease.”” And Dong et al reported that miR-
34b-5p could hinder breast cancer cell proliferation and
metastasis.>® In the past reports, miR-470 was found to be
associated with mouse embryonic stem cell differentiation,
and its upregulation could promote cell transcriptional and
morphological changes.”® Additionally, Li et al indicated
that miR-470 could enhance the neoplastic transformation
of liver cancer stem cells.*® However, there are few studies
on the role of miR-34b-5p and miR-470-5p in depression

Neuropsychiatric Disease and Treatment 2021:17

submit your manuscript

623

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhan et al

Dove

1.5+

Relative BDNF
mRNA expression

1.5+

1.0- d

0.54

Relative BDNF
mRNA expression

0.0-
>
o Q &
& &
& L
R
N
»
6;8-

|
EDNF S S w— —

GAPDH
1.5+

Relative BDNF
protein expression

Relative BDNF
protein expression

Figure 8 Berberine regulated BDNF expression by targeting miR-34b-5p and miR-470-5p in hippocampal neurons. Hippocampal neurons were transfected with miR-NC,
miR-34b-5p or miR-470-5p, or treated with Berberine. Non-transfected and non-treated cells were used as control. (A and B) The mRNA and protein expression levels of
BDNF were determined using qRT-PCR and WB analysis. *P < 0.05, **P < 0.01, **P < 0.001, ****P < 0.0001.

disorder. Our study revealed that miR-34b-5p and miR-470-
Sp were markedly upregulated in the hippocampus of
CUMS mice, which was consistent with the results of pre-
studies.?**’
Berberine could inhibit the expression levels of miR-34b-
Sp and miR-470-5p in CUMS mice, and could reverse the
promotion effect of miR-34b-5p and miR-470-5p on CUMS
mice depressive behavior and the inhibition effect on hippo-

vious Further experiments revealed that

campal neurons growth. This evidence suggested that
Berberine restrained the progression of depression disorder
by regulating the expression of miR-34b-5p and miR-470-
5p, which was an important finding.

Many studies have indicated that BDNF expression is
associated with the severity of illness in depressed
patients, including suicidal ideation*' and executive
dysfunctions.** Therefore, BDNF has become a key

biomarker for depression disorder. In our study, we
uncovered that both miR-34b-5p and miR-470-5p could
target BDNF. Moreover, BDNF also could reverse the
increasing effect of miR-34b-5p and miR-470-5p on
CUMS mice depressive behavior and the decreasing effect
on hippocampal neurons growth. Importantly, we discov-
ered that Berberine could promote BDNF expression in
CUMS mice and could reverse the inhibition effect of
miR-34b-5p and miR-470-5p on BDNF expression.
Function experiments suggested that Berberine regulated
the progression of depression disorder by mediating
BDNF expression. These results revealed that Berberine
was involved in the regulation of depression disorder
progression through regulating the miR-34b-5p/miR-
470-5p/BDNF axis, which was consistent with our
speculation.
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Figure 9 The schematic diagram of this study. Berberine inhibited CUMS mice depressive behavior and promoted hippocampal neurons growth, which was mainly achieved

by regulating the miR-34b-5p/miR-470-5p/BDNF axis.

In summary, our data indicated that Berberine sup-
pressed CUMS mice depression-like behaviors and pro-
moted the growth of hippocampal neurons by targeting the
miR-34b-5p/miR-470-5p/BDNF axis. The results of this
study provided evidence for Berberine to inhibit the pro-
gression of depression disorder.
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