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Abstract 
Purpose: To explore the effect of miR-195a on nerve cells in the hippocampal region of depression-
model mice.  
Methods: A chronic social defeat stress (CSDS) model was used as a depressed mouse model. In 
vivo, C57BL/6J mice received CSDS treatment or miR-195a antagomir. Depression-like behaviors were 
evaluated. In vitro, the target relationship between miR-195a and brain-derived neurotrophic factor 
(BDNF) was validated by luciferase reporter assays in HEK-293 cells. In primary cortical neurons, 
expression levels of miR-195a and BDNF mRNA were evaluated using quantitative polymerase chain 
reaction (qPCR). BDNF protein expression was determined by western blotting.  
Results: The sucrose preference ratio and social contact of the CSDS group were significantly 
decreased, whereas the immobility time was significantly increased, compared with the control group (p 
< 0.05). Interestingly, the expression of miR-195a was upregulated in the CSDS group compared with 
control group (p < 0.05). Bioinformatics prediction and luciferase reporter assay data indicate that miR-
195a bound the BDNF 3’ untranslated region. BDNF protein expression levels were significantly 
reduced by miR-195a mimic but increased by miR-195a inhibitor, compared with the negative control 
mimic group (p < 0.05). In vivo, miR-195a antagomir alleviated depression-like behaviors compared with 
CSDS group. In addition, miR-195a antagomir restored the expression of BDNF in mouse hippocampus 
in the CSDS group (p < 0.05).  
Conclusion: MiR-195a inhibitor ameliorates depression-like behaviors of depressed mice by 
downregulation of BDNF, whereas upregulation of miR-195a inhibits BDNF expression in mouse 
hippocampus and may contribute to depression. 
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INTRODUCTION 
 
Depression is a neurological and psychiatric 
disease caused by multiple factors. Patients with 

depression show persistent low mood and 
cognitive dysfunction [1]. The common 
manifestations of depression include anorexia, 
weight loss, inferiority complex, anhedonia, and 
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serious suicidal tendency [2]. Currently, 
depression has become the fourth major disease 
worldwide. 
 
MicroRNAs (miRNAs), endogenous non-coding 
small RNAs, have become a hotspot of current 
research on regulating gene expression. The 
mechanism underlying miRNA function is related 
to the formation of a double-stranded 
untranslated region (UTR) body with 3’ complete 
or incomplete matching form of the target gene, 
and degrading target gene mRNA or inhibiting 
transcription and translation, thus affecting 
various biological processes [3]. Studies have 
revealed that miRNA expression is dysregulated 
in peripheral blood of patients with depression 
[4]. For example, mir-124a, mir-18a, and mir-511 
have been found to be upregulated in 
depression-like rats, and expression of mir-511 
was downregulated by antidepressant treatment 
[5]. Studies have shown that mir-195 is 
upregulated in the brains of suicidal individuals 
[6]. However, it is unknown whether mir-195 is 
associated with depression. Because suicide is 
one of the manifestations of depression, it has 
been suggested that mir-195a may be 
associated with depression. 
 
A growing body of research has shown that the 
onset of depression is associated with reduced 
levels of brain-derived neurotrophic factor 
(BDNF) [7]. BDNF expression was decreased in 
depressed patients [8], and antidepressant 
treatment can increase the expression of BDNF 
and improve depression-like behaviors to a 
certain extent [9]. BDNF is mainly synthesized by 
neurons and is most abundant in the cerebral 
cortex and hippocampus. It is an essential factor 
involved in the differentiation, development, 
survival, synaptic plasticity, and regulation of 
cognitive function of nerve cells [10]. 
 
Studies have shown that the number of neurons 
in depressed mice is significantly reduced, and 
insufficient or continuous decrease in BDNF 
content is an important cause of neuronal injury 
and apoptosis [11]. Antidepressant treatment can 
enhance the expression of BDNF and cAMP-
response element binding protein in the brain 
[12]. It was found that miRNAs in the central 
nervous system that bind BDNF mRNA and 
inhibit BDNF gene translation and protein 
synthesis include mir-10b, mir-124, mir-134, and 
mir-155 [13]. Interestingly, TargetScan shows 
that BDNF appears to be a target of mir-195a. In 
addition, several articles revealed the interaction 
between mir-195a and BDNF [14].  
 

Therefore, the present study investigated the 
effect of the mir-195a–BDNF axis and regulatory 
mechanism in depression. 
 
EXPERIMENTAL 
 
Animals  
 
Male C57BL/6J mice (n = 12; 8–10 weeks of 
age) were housed in a standard Animal Biosafety 
Level-III Laboratory. Animal care and 
experimental protocols were carried out following 
approval by Medical Ethics Committee of Huzhou 
University (approval no. 20200528-SGY15) and 
conducted in accordance with the National 
Institutes of Health Laboratory Animal Care and 
Use Guidelines [15]. 
 
Animal grouping and model establishment 
 
Chronic social defeat stress (CSDS) was 
performed as previously described [16]. CSDS 
was performed between 17:00 and 19:00 before 
the onset of the dark phase from day 1 to day 10 
using a resident-intruder paradigm as previously 
reported [16]. 
 
Social interaction test  
 
A dual-trial social interaction test was used to 
investigate avoidance behavior in response to 
social aversion cues as described previously 
[16]. In the first 2.5-min trial (target absent), the 
experimental mice were allowed to freely explore 
a square open field (44 × 44 cm) with a 10 × 6 
cm wire cage on one side. During the second 2.5 
min trial (target present), the mice were 
reintroduced to the cage, which now contained 
an unfamiliar CD1 decommissioned rat.  
 
The video tracking software was used to 
measure the time in the "interaction zone" (14 × 
26 cm). Interaction time was recorded as time 
that the mice stayed in the interaction zone in the 
target-present and target-absent conditions. 
 
Sucrose preference test 
 
The mice were conditioned to drink two bottles of 
1 % sucrose solution for 24 h and one of the 
bottles of sucrose solution was replaced with 
water the next day. After 24 h of fasting and 
water deprivation, the rats were allowed to drink 
1 % sucrose solution (100 mL) and the same 
amount of water for 3 h. Sucrose preference (S) 
was calculated as in Eq 1. 
 
S (%) = {(Sc/Wc + Sc)}100 …………. (1) 
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where Sc and Wc are sucrose water 
consumption and pure water consumption, 
respectively. 
 
Tail suspension test 
 
The tail suspension test was carried out as 
previously described [17]. Mice were suspended 
on a small metal hook fixed on the top of a box 
via adhesive tape placed approximately 1 cm 
from the tip of the tail. The duration of the 
immobility period was recorded during the last 5 
min of the 6-min test, which reflected the 
depressive state of the animal. 
 
Cell transfection 
 
miR-195a inhibitor and mimic used in this 
experiment were designed and synthesized by 
Ruibo (Guangzhou, China). Plasmid pcDNA3.1 
was purchased from Invitrogen (Carlsbad, CA, 
USA). HEK-293 cells were seeded in a 6-well 
plate at a density of 1 × 104 cells / mL. After 24 h 
of culture, the cells were transfected with 50 nM 
miR-195a mimic and miR-195a inhibitor using 
Lipofectamine 3000 (Invitrogen #L3000015). 
miR-195a and BDNF expression were 
quantitated by RT-PCR after 24 h in culture. 
 
Western blotting  
 
Total protein in the hippocampus and neurons 
was extracted using total protein extraction kit 
(Solarbio, Beijing, China) according to the 
manufacturer's protocol. Equivalent amount of 
protein was mixed with appropriate loading buffer 
at 100°C for 10 min. Proteins were separated 
using SDS-PAGE and transferred to PVDF 
membrane. Membranes were blocked in 5 % 
skim milk in TBST at room temperature for 1–2 h. 
Primary antibodies anti-BDNF (1:1000; Cell 
Signaling Technology, Danvers, MA, USA; 
#47808, CST), anti-β-actin (1:1000; Cell 
Signaling Technology #4970) were added and 
incubated at 4°C overnight.  
 
The next day, TBST was removed from the 
PVDF membranes and anti-rabbit IgG, HRP-
linked antibody (1:1000; #7074, CST) was 
introduced, then the PVDF membranes were 
incubated at room temperature for 1 h. Finally, 
PVDF membranes were washed with TBST. 
Luminescent solution was added to the gel 
imager for exposure and photography, and 
relative expression was calculated using 
statistical gray value of ImageJ software. β-actin 
was used as a reference for loading and at least 
three independent replicates were performed. 
 
 

Dual luciferase reporter assay 
 
To verify the predicted miR-195a binding 
sequence, the BDNF 3'-UTR fragment containing 
the predicted binding site or mutant 3'-UTR was 
cloned into the GV272 vector. After verification 
by DNA sequencing, the plasmids (with or 
without miR-195a mimic) were transfected into 
HEK-293 cells using Lipofectamine 3000 
(Invitrogen) according to the manufacturer's 
instructions. The cells were collected 48 h after 
transfection and analyzed using a dual luciferase 
reporter system. 
 
Surgery and intracranial injection 
 
Mice were anesthetized with 1 % pentobarbital 
sodium (50 mg/kg body weight) and then placed 
in a stereotaxic apparatus and bilaterally 
implanted with stainless steel guide cannulas in 
the region of the medial prefrontal cortex (mPFC) 
(anterior–posterior, 1.9 mm; medial–lateral, 0.5 
mm; dorsal–ventral, −2.3 mm). The mice were 
then individually housed and allowed to recover 
for at least 7 days. Antagomir-miR-195a/NC (2 
μL, 12 pM) was microinjected into the mPFC 
through a cannula. 
 
Statistical analysis 
 
SPSS 16.0 software was used for statistical 
analysis of all experimental data. One-way 
ANOVA was used for comparison among groups. 
A value of p < 0.05 was considered statistically 
significant. 
 
RESULTS 
 
Expression level of mir-195a was upregulated 
in CSDS mice 
 
Mice were successfully rendered depressed 
using the CSDS model, as shown in Figure 1 A - 
C. Compared with control mice, CSDS mice 
expressed less sucrose preference. In addition, 
when the target was present, CSDS mice 
showed less social interaction. Finally, CSDS 
mice show a longer immobility time. These 
results indicated that the mice in the CSDS group 
exhibited depression-like behaviors. 
Consequently, mir-195a expression was 
upregulated in the peripheral blood of CSDS 
mice (Figure 1 D). 
 
Mir-195a targeted BDNF 
 
In TargetScan (http //www.targetscan.org/ 
vert_71/), it is assumed that mir-195a binds to 
the BDNF 3’UTR (Figure 2 A). 
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Figure 1: Mir-195a expression was upregulated in 
CSDS mice. Results of (A) sugar water preference 
test, (B) social interaction test, and (C) tail suspension 
test. (D) mir-195a expression was quantitated by 
quantitative PCR (qPCR).  The experiments were 
repeated three times; **p < 0.01, compared with 
control 
 
HEK-293 cells were transfected with negative 
control (NC) mimic, mir-195a mimic, NC inhibitor, 
and mir-195a inhibitor (Figure 2 B). Moreover, 
the relationship between mir-195a and BDNF 
was validated by dual luciferase reporter assay 
(Figure 2 C). Mir-195a inhibitor significantly 
inhibited the expression of mir-195a (Figure 2 D). 
The qPCR results showed that mir-195a mimic 
inhibited BDNF mRNA expression level, whereas 
mir-195a inhibitor increased the level of BDNF 
mRNA (Figure 2 E). Similar results were found 
for protein expression level (Figure 2 F). These 
results suggest that BDNF is a target gene of 
mir-195a and that it is regulated by mir-195a 
expression level. 
 
Mir-195a knockdown alleviated depressive 
symptoms in mice 
 
To determine the role of mir-195a in depression 
mice, in vivo experiments were conducted. 
These experiments showed that mir-195a 
expression was increased in CSDS mice, and 
antagomir-mir-195a significantly reduced mir-
195a expression (Figure 3 A). In addition, 
antagomir-mir-195a significantly alleviated the 
depression-like behaviors as characterized by 
increased sucrose preference (Figure 3 B), 
increased social interaction (Figure 3 C), and 
reduced immobility time (Figure 3 D). These 
observations indicate that mir-195a might 
contribute to depression and antagomir-mir-195a 
alleviated depression-like behaviors. 
 

 
 
Figure 2: Mir-195a targeted brain-derived 
neurotrophic factor (BDNF). (A) Target prediction was 
generated on TargetScan website. (B) Results of 
qPCR analysis of expression levels of mir-195a and 
BDNF in HEK-293 cells. (C) Results of luciferase 
reporter assay to confirm the target relationship 
between mir-195a and BDNF. (D-E) Results of qPCR 
analysis to determine the expression of mir-195a and 
BDNF in primary cortical neurons cells. (F) Results of 
western analysis (left) and quantitation (right) to 
determine the expression level of BDNF in primary 
cortical neurons cells. The experiments were repeated 
three times; **p < 0.01, compared with negative 
control (NC) mimic; ##p < 0.01, compared with NC 
inhibitor 
 

 
 
Figure 3: mir-195a knockdown alleviated depressive 
symptoms in mice. (A) The expression level of mir-
195a was detected by qPCR. Results of (B) sugar 
water preference test, (C) social interaction test, and 
(D) tail suspension test. The experiments were 
repeated three times; **p < 0.01 compared with 
control; ## p < 0.01, compared with CSDS 
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Mir-195a knockdown promoted the 
expression of BDNF in the hippocampus of 
mice 
 
To identify the regulatory mechanism underlying 
mir-195a function, BDNF expression was 
determined. As shown in Figure 4 A, expression 
of BDNF protein was downregulated in CSDS 
mice, whereas antagomir-mir-195a significantly 
upregulated BDNF expression. In hippocampal 
tissue of mice, BDNF expression was 
downregulated in CSDS, whereas antagomir-mir-
195a restored the baseline expression level 
(Figure 4 B). 
 

 
 
Figure 4: Mir-195a knockdown promoted BDNF 
expression in the hippocampus of mice. The 
expression of BDNF was determined by western 
blotting. (A) Results of western analysis of BDNF 
expression level (left) and quantitation (right). (B) 
Immunohistochemical staining of BDNF in 
hippocampal tissue. Experiments were repeated three 
times; **p < 0.01 compared with control; ##p < 0.01, 
compared with CSDS  
 
DISCUSSION 
 
Depression is often accompanied by cognitive or 
behavioral changes or disorders. Changes in 
cognitive ability and behavior have been reported 
in depressed rats, possibly due to damage to the 
limbic system, of which the hippocampus is an 
important component [5]. The establishment of 
animal models of central nervous disease is one 
of the most commonly used research methods 
[12]. The CSDS model is one of the most widely 
used depression models at present [17]. This 
study used the CSDS model to construct a 
mouse depression model. In recent years, 

depression and antidepressant treatment have 
been associated with adult hippocampal 
neurogenesis [17]. 
 
A neuron is the basic unit of a nerve. In vitro and 
in vivo experiments have demonstrated that miR-
195a regulates cell damage in the hippocampus 
of depressed mice by down-regulating BDNF. 
BDNF has been reported to influence a variety of 
complex physiological processes, including 
learning and memory, which are also essential 
for the survival of neural stem cells, thus 
regulating neurite growth and maturation during 
brain development [10]. In this study, the data 
showed that expression of BDNF mRNA and 
protein was downregulated in hippocampal 
tissues and neurons of the depression model 
mice, suggesting that downregulation of BDNF 
plays a key role in depression in mice. 
 
Regulation of transcription and translation is a 
complex multi-factor process. miRNA achieves 
negative feedback regulation by shearing mRNA 
and inhibiting its translation [18]. miRNAs are 
important regulators of normal development and 
physiology, and many miRNAs serve as 
biomarkers for various diseases. Abnormal 
miRNA expression in depressed patients has 
been reported to be associated with stress 
responses and antidepressant medication [18]. 
 
In this paper, bioinformatics-based prediction and 
luciferase assay proved that BDNF is the target 
gene of miR-195a. miR-195a has a variety of 
biological functions based on the roles of its 
target genes. For example, miR-195a is closely 
related to various cancers [19]. Recent studies 
have shown that miR-195a is involved in the 
pathogenesis of depression and/or suicide [6]. 
The results of this study showed that expression 
of BDNF mRNA and protein was downregulated 
in the depression model mice, whereas miR-
195a expression was upregulated. In 
combination with the results of behavioral tests, 
miR-195a and BDNF are thought to regulate 
depression-like behaviors in mice. 
 
To confirm that miR-195a regulates BDNF 
expression, miR-195a antagomir was used in the 
study. miR-195a antagomir interferes with the 
expression of miR-195a. The results derived 
from this study demonstrated that miR-195a 
knockdown via miR-195a inhibitor/antagomir 
removed the inhibition of BDNF by miR-195, thus 
increasing BDNF expression. This further 
demonstrated that BDNF is the target of miR-
195a, which regulates BDNF expression. The 
results of this study suggest that the high 
expression level of miR-195a was positively 
correlated with depression, and inhibition of miR-
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195a expression might be helpful for the 
treatment of depression. 
 
CONCLUSION 
 
This study suggests that the mechanism of 
depression in mice may involve up-regulation of 
miR-195a expression in hippocampal tissues and 
neurons, leading to the downregulation of BDNF 
mRNA and protein expression. miR-195a, as a 
regulator of BDNF, may be a target for the 
prevention and treatment of depression. 
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