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Background: Depression is the common mental disorder in the world. However, the 
pathophysiology mechanism underlying depression remains elusive. It has been reported 
that aberrant expression of miR-144 is closely related to depression. This study was to 
investigate whether and how miR-144 involves in depressive-like behaviors in a chronic 
unpredictable mild stress (CUMS) animal model.
Methods: A rat model of CUMS was established, and qRT-PCR was performed to detect the 
expression of miR-144 in the hippocampus of a depressed rat. The lentiviral vector carried 
miR-144 (LV-miR-144) was injected into the hippocampus of the CUMS rat to investigate 
the effects of miR-144 on the behaviors and PTP1B/TrkB/BDNF signal transduction in the 
hippocampus of the rat. The interaction between miR-144 and PTP1B was investigated by 
biological analyses and dual-luciferase reporter assay.
Results: The results showed that CUMS rats had typical depressive behaviors, and the 
expression of miR-144 in the hippocampus of CUMS rats was significantly lower than that of 
the control group. In addition, PTP1B protein expression was significantly up-regulated, 
while the expression of pTrkB and BDNF protein was significantly down-regulated in the 
hippocampus of CUMS rats. Moreover, PTP1B was a direct target of miR-144, and miR-144 
could activate the downstream TrkB/BDNF signaling pathway by inhibiting the expression 
of PTP1B in primary hippocampus neurons.
Conclusion: MiR-144 played an anti-depressive role in hippocampus dysfunction by 
inhibiting PTP1B and activating the TrkB/BDNF signaling pathway in the hippocampus of 
CUMS rats.
Keywords: miR-144, CUMS, hippocampus, PTP1B, TrkB/BDNF

Introduction
Depression is a common clinical mental disease, mainly manifested as depressed 
mood, loss of interest or pleasure in regular activities, and decreased energy.1 

Currently, about 20% of the world’s population suffers from depression, and the 
World Health Organization predicts that depression will be the world’s leading 
burden of disease by 2030.2 The pathogenesis of depression is very complex, 
involving a variety of dysfunctions, such as neuroendocrine dysfunction, neuronal 
plasticity injury, and inflammatory response.3,4 The hippocampus is a functional 
brain region involved in pattern recognition, emotion regulation, spatial learning, 
and memory.5 Stress is an important biological reaction of the body when stimu-
lated by various psychological, social, and environmental factors, which is now 
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considered as one of the leading causes of depression.6 

Studies have found that long-term stress can lead to 
changes in the body’s neuroendocrine system and the 
immune system.7 When the body is subjected to external 
stress, it firstly acts on the hippocampus area of the brain 
and stimulates the stress response of the body.8

MicroRNAs (miRNAs) are highly conserved endogen-
ous non-coding small molecule RNAs, which can inhibit 
gene expression by complementary binding to mRNA of 
the target genes.9 Recent studies have found that miRNAs 
are not only involved in the progression of tumor diseases, 
but also related to a variety of psychiatric diseases, such as 
bipolar disorder, drug dependence, autism, schizophrenia, 
and stress-induced depression and resilience.10–13 MiR- 
144 is considered as a tumor suppressor and is poorly 
expressed in a variety of human tumors.14,15 Sun et al16 

found that miR-144 was poorly expressed in thyroid papil-
lary carcinoma and could inhibit proliferation of thyroid 
papillary carcinoma cells by targeting E2F8, thus playing 
an anti-tumor role. Han et al17 reported that miR-144 was 
down-regulated in ovarian cancer cells and inhibited 
SKOV3/OVCAR3 cell proliferation and migration by 
down-regulating the expression of RUNX1. However, 
Short et al18 found that elevated paternal glucocorticoid 
exposure alters the small noncoding RNA profile including 
miR-144 in sperm and then modifies anxiety and depres-
sive phenotypes in the offspring. Wang et al19 reported that 
circulating microRNA-144-5p is associated with depres-
sive disorders. These reports suggest that aberrant expres-
sion of miR-144 is closely related to emotion disease. 
However, up to now, whether and how miR-144 is 
involved in depression remains unknown.

Protein tyrosine phosphatase 1B (PTP1B) is a negative 
regulator of the leptin and insulin signaling pathways. It 
has been reported that PTP1B plays an important role in 
maintaining energy homeostasis.20 Dysregulated cellular 
energy homeostasis and energy depletion have been 
known to be involved in stress and depression.21 

Moreover, PTP1B was reported to be the target of 
a variety of miRNAs to regulate the cancer development 
and energy control.22 Whether it is also involved in the 
regulation of depression by interaction with miR-144 
needs to be investigated. Tyrosine kinase receptor 
B (TrkB) and brain-derived neurotrophic factor (BDNF) 
are key proteins in the MAPK signaling pathway involved 
in the pathogenesis of depression and the antidepressant 
effect of drugs.23 BDNF is an important neurotrophic 
protective factor synthesized in the brain, with the highest 

content in the hippocampus and cerebral cortex.24 The 
combination of BDNF and TrkB can promote the regen-
eration and differentiation of neurons and up-regulate the 
plasticity of neurons.25 Studies have shown that the dysre-
gulated expression of TrkB and BDNF in the hippocampal 
tissue are involved in the development of depression.26 

Therefore, regulation of the TrkB/BDNF signaling path-
way is considered as the common mechanism of action of 
various antidepressant treatments.27

Chronic unpredicted mild stress (CUMS) induced 
depression in animal models is very similar to the core 
symptoms of human depression, so it is widely used in the 
studies of anti-depression drugs.28 In this study, the 
depression model of CUMS rats was established to explore 
the role of mechanisms of miR-144 in the hippocampus, so 
as to provide a certain theoretical basis for the treatment of 
depression.

Materials and Methods
Animals
Male Sprague-Dawley rats, weighing 200–220 g and aged 
5 weeks, were selected as the study subjects at the experi-
mental animal center of Qingdao Mental Health Center. 
Rats were kept in a 12/12 hour light/dark cycle environ-
ment at 22±2°C, with free access to food and water. This 
study followed the guidelines of the National Institutes of 
Health and was approved by the animal care committee of 
Qingdao Mental Health Center. The rats were kept for 
a week before the experiments to be adapted. Rats were 
also adapted for 24 hours a day before behavioral testing.

Establishment of CUMS Model
Rats were randomly divided into two groups. There was 
no difference in body weight, baseline sucrose preference, 
or total fluid intake between the two groups at the begin-
ning of CUMS treatment. The control group rats were not 
treated with CUMS, and the CUMS group rats underwent 
CUMS treatment continuously for 35 days. Briefly, eight 
different pressure sources were used in the experiment, 
including congestion and isolation of housing, fasting for 
food and water, a 45° inclined cage, exposure to 
a disgusting smell, night lights, turning off the lights for 
12 hours, 4°C under breeding, and rotation on the vibrator. 
Rats in the CUMS group were randomly administered with 
two types of pressure sources for 3 hours a day, with an 
interval of 4 hours between the two types of pressure 
sources. Body weight and sucrose preference of the rats 
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were measured on the day of CUMS treatment and every 7 
days thereafter. The behavioral and biochemistry experi-
ments were conducted at the end of CUMS treatment.

Stereotactic Injection of LV-miR-144 into 
the Hippocampus of the Rat
Lentivirus with miR-144 overexpressing vector was pur-
chased from GenePharma (Shanghai, China; LV3-pGLVH1 
/GFP+Puro vector, D06003). The promoter was human H1 
promoter, and the cDNA sequence was as follows: 
TGGGGCCCTGGCTGGGATATCATCATATACTGTAA-
GTTTGCGATGAGACACTACAGTATAGATGATGTAC-
TAGTCCGGGCACCCCC. SD rats were randomly divided 
into five groups (n=6): con + LV-scramble group, con+ LV- 
miR-144 group, CUMS + LV-scramble group, CUMS + LV- 
miR-144 group, and CUMS + Fluoxetine group. CUMS 
modeling took 35 days. The LV-scramble or LV-miR-144 
(1 μL) was injected into the hippocampus of rats on the 
28th day of CUMS modeling. The rats in the CUMS + 
Fluoxetine group were intraperitoneally injected with the 
antidepressant Fluoxetine for 7 consecutive days (10 mg/ 
kg/day). The stereotactic injection coordinates of the bilat-
eral hippocampus were: 3.5 mm ventral surface of the skull, 
2.5 mm lateral medial suture, and 4.8 mm posterior anterior 
fontanel. Stereotactic injection was performed at a constant 
rate within 1 minute and the needle was slowly retracted 5 
minutes after injection. After injection, the rats were 
injected intraperitoneally with penicillin sodium for 3 con-
secutive days, 200,000 units per day, to prevent infection. 
Seven days after stereotactic injection, behavioral tests 
were performed on the rats in each group.

Primary Hippocampus Neuronal Cultures
Primary hippocampus neuronal cultures were prepared as 
previously described.29 Hippocampus were first carefully 
dissected from the rat embryo brain. The neuronal cells 
were then dissociated with trypsin digestion. The dissociated 
cells were re-suspended in a neurobasal medium (Gibco, 
B2719) containing 2 mM GlutaMAX. Cells were diluted 
to 100 cells/mL. A total of 3 mL of cells suspension was 
added to each 35-mm poly-D-lysine-coated plate and cul-
tured for 2 hours in 5% CO2 at 37°C. The plating medium 
was then replaced with 3 mL of neurobasal/B27 medium, 
and the culture was contained in 5% CO2 and 21% O2. The 
primary cultured cells were allowed to grow for 2 weeks 
before treatment. After the cultured neurons were treated 

with LV-scramble or LV-miR-144 for 48 hours, PTP1B 
protein expression was analyzed by Western blotting.

Behavioral Experiment
Sucrose Preference Assay
Two bottles of 1% sucrose solution were provided to 
each group of rats within 24 hours, and then one bottle 
of sucrose solution was replaced with water. After the 
rats were fasted and deprived of water for 24 hours, 
100 mL water and 100 mL 1% sucrose solution were 
provided for 3 hours. The consumptions of water and 
sucrose solution were recorded and the relative sucrose 
preference was calculated. The relative sucrose prefer-
ence was calculated as the percentage of consumed 
sucrose solution volume in the total volume of consumed 
water and sucrose solution.

Elevated Maze
The elevated maze was 60 centimeters above the ground 
and consists of two relatively open arms and two relatively 
closed arms. The rats were placed in the central square to 
explore the maze freely for 5 minutes, and the SMART 
video tracking system was used to record the time the rats 
used in the open arm (non-anxious state).

Open Field Test
In addition to the sucrose preference test, the open field 
test and forced swimming test were also used to evaluate 
the depressions-like behavior changes in mice.30 The rats 
were placed alone in the dim (25 Lux) open field room 
(100×100×45 cm) for 1 hour, and locomotion of the rats 
was recorded by the SMART video tracking system.

Morris Water Maze
Morris water maze was used to test spatial learning and 
memory, which has been described in previous publica-
tions. The maze apparatus consisted of a large circular 
pool (150 cm in diameter by 50 cm high) filled with 
water to a depth of 22 cm with water at 22±2° 
C. A transparent plexiglas escape platform (15 cm in 
diameter) was placed 2 cm below the opaque water surface 
and was kept in the target quadrant to hold the rats at the 
same location throughout the training period. The water is 
made opaque by addition of non-toxic and odorlessness 
black paint. Consistent visual cues were located in the test 
room outside of the maze. And the room was indirectly 
illuminated by several lamps, which delivered diffuse, 
dim, white lighting allowing the rats to see numerous 
distinct extra-maze visual cues. The lighting conditions 
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were consistent throughout the task. A total of four trials 
per day with an inter-trial interval of approximately 10 
minutes were performed across five consecutive days. Rats 
were allowed 60 seconds to find and mount the escape 
platform. Latency to escape onto the platform was 
recorded if it was less than 60 seconds. If the rat did not 
find the platform within 60 seconds, the latency time was 
recorded as 60 seconds and the experimenter guided the rat 
to the platform. Regardless of whether it found the plat-
form, the rat was placed on the platform for 60 seconds. 
The time spent in the target quadrant was recorded. There 
were a very small number of animals floated from our 
research. Data from all trials were recorded using a video 
tracking system MT-200.

qRT-PCR
The rats in each group were euthanized after the behavioral 
test. Rat brain tissues were ground in liquid nitrogen and 
total RNAs were extracted using Trizol (Invitrogen) reagent. 
Total RNAs were reversely transcribed into cDNA using the 
Prime Script RT kit (Takara). PCR reactions were prepared 
using the SYBR Premix Ex TaqTM II (Takara). U6 was used 
as the internal control. Relative expression levels of each 
gene were calculated using 2−ΔΔCT method. The primer 
sequences used were listed in Table 1.

Measurement of Hormones and 
Inflammatory Factors
The hippocampus samples were homogenized using PBS, 
and the supernatants were collected after centrifuging at 
2,500 rpm for 10 minutes, at 4°C. Protein content was 
determined by BCA protein assay kit. Serum and hippo-
campal concentrations of corticosterone (CORT), IL-1β, 
and TNFα were analyzed using commercial ELISA kits 
(Nuoyuan, Shanghai, China). Serum indexes were detected 
without any dilution, while hippocampus homogenate 
were diluted at 1:10 using PBS in duplicate wells. All 
experimental steps were performed according to the kit 
specifications. The plates were coated with rat antibodies. 
The OD values were recorded at 450 nm and the concen-
trations were calculated with a standard curve. The intra- 

assay coefficient of variation of CORT, IL-1β, and TNFα 
were all 5%. The sensitivities of the assays were 1 ng/mL, 
1 pg/mL, and 1 pg/mL, respectively.

Western Blotting
Total proteins were extracted from brain tissues with RIPA 
lysate reagent. Protein samples were separated by SDS- 
PAGE and transferred to cellulose acetate membrane. 
After blocking using 5% skim milk powder solution for 
2 hours, the primary antibody incubations (all at 1:1,000 
dilutions) were performed overnight at 4°C with anti- 
PTP1B antibody (ab244207, Abcam), anti-phospho-TrkB 
(Tyr-706) (sc-135,645, Abcam), anti-TrkB (sc-11, Santa 
Cruz), anti-BDNF (ab108319, Abcam), and anti-GAPDH 
(ab8245, Abcam). Then, the membrane was incubated 
with the second antibody at room temperature for 1 hour. 
Quantity One software was used for quantitative analysis 
of protein bands, and GAPDH was used as the internal 
reference.

Dual-Luciferase Reporter Assay
HEK293T cells were purchased from Stem Cell Bank, 
Chinese Academy of Sciences. Bioinformatics analysis 
was performed to predict the binding sites of miR-144 in 
the 3ʹ-UTR of PTP1B. For the target prediction, three 
publically available databases including TargetScan, 
www.targetscan. Org/vert-71/PicTar, www.pictar.org, and 
miRanda, www.microrna.org, were used to predict the 
candidate targets of miR-144. A fragment of the mutant 
(MUT) or wild type (WT) 3-’UTR of PTP1B was cloned 
into the vector and then co-transfected with LV-scramble 
or LV-miR-144 into HEK293T cells for 48 hours. After 
transfection, cells were collected and dual-luciferase repor-
ter assay (Promega) was performed.

Statistical Analysis
All data were reported as the mean±standard deviation 
(SD). The data were analyzed by one-way factorial analy-
sis of variances (one-way ANVOA) and multiple compar-
isons were conducted. Significant effects of treatment were 

Table 1 The Sequences of Primers

Gene Name miR-144 U6

Forward primer 5′-TCGGCAGGTACAGTATAGATGAT-3′ 5′-CTCGCTTCGGCAGCACATATACT-3′
Reverse primer 5ʹ-TCAACTGGTGTCGTGGAGTCGGC-3′ 5ʹ-ACGCTTCACGAATTTGCGTGTC-3′
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defined using Fisher’s method as a post hoc test, with 
P<0.05 considered as statistically significant.

Results
The Depressive Behaviors and Expression 
of miR-144 in the CUMS Rats
Firstly, the behavioral changes of depressed rats were 
observed and assessed by establishing the CUMS rat 
model. Compared with the control group, both weight and 

sucrose preference of CUMS rats were remarkably decreased 
with the extension of time (Figure 1A and B, P<0.01). In 
addition, the time in open arms of CUMS rats was signifi-
cantly lower than that of the control group (Figure 1D, 
P<0.01), and the immobility time of CUMS rats was remark-
ably higher than that of the control group (Figure 1E, 
P<0.01). However, there was no significant difference 
between the locomotion of the CUMS group and the control 
group (Figure 1C, P>0.05). Therefore, the locomotion of the 
rat was not determined in the follow-up experiments. It was 

Figure 1 The depressive behaviors and expression of miR-144 in the CUMS rats. (A) Weight changes of rats in each group. (B) The relative sucrose preference of rats in 
each group was tested by Sucrose preference assay. (C) Locomotion of rats in each group was tested by open field test. (D) The time in open arms of rats in each group. (E) 
Immobility time of rats in each group. (F) Determination of the expression of miR-144 in the hippocampus by qRT-PCR. (G, H) Determination of the protein expression of 
PTP1B, pTrkB, and BDNF in the hippocampus by Western Blotting. Data are presented as mean±SD from at least three independent experiments. 
Notes: n=6; compared with the control group, *P<0.05, **P<0.01.
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well-established that time in open arms31 and immobility 
time32 could act as two important indicators for depression- 
like behaviors. The above results indicated that the CUMS- 
treated rats showed typical depression-like behaviors, and the 
CUMS rat model was successfully established. Next, we 
used qRT-PCR to determine the expression of miR-144 in 
the rat hippocampus. The results showed that the expression 
of miR-144 in the hippocampus of CUMS rats was signifi-
cantly decreased compared with that in the control group 
(Figure 1F, P<0.01). This indicated that the expression of 
miR-144 might be suppressed in the hippocampus of CUMS 
rats. Moreover, the protein expression of PTP1B, pTrkB, and 
BDNF in the rat hippocampus was determined by Western 
Blotting. The results showed that, compared with the control 
group, the expression of PTP1B protein in the hippocampus 
of CUMS rats was significantly increased, while the expres-
sion of pTrkB and BDNF proteins was significantly 
decreased (Figure 1G and H, P<0.01). These results suggest 
that the depressive behavior of CUMS rats might be asso-
ciated with the regulation of miR-144 and the PTP1B/TrkB/ 
BDNF signaling pathways.

Effect of miR-144 on Depressed 
Behaviors in CUMS Rats
In order to explore the effect of miR-144 on the depressive 
behaviors in CUMS rats, LV-scramble or LV-miR-144 was 
stereotaxically injected into the bilateral hippocampus of rats 
(Figure 2A and B), and the results showed that the expression 
of miR-144 was significantly increased after transfection. In 
addition, compared with rats in the con + LV-scramble group, 
the sucrose preference and the time in open arms of rats in the 
CUMS + LV-scramble group were significantly reduced, 
while the immobility time was significantly increased, 
indicating that rats in the CUMS + LV-scramble group 
had significant depressive behaviors (Figure 2C). In addition, 
the sucrose preference and the time in open arms of rats in the 
CUMS + LV-miR-144 group were remarkably higher than 
that in the CUMS + LV-scramble group (Figure 2D and E, 
P<0.01), while the immobility time was significantly lower 
than that in the CUMS + LV-scramble group (Figure 2F, 
P<0.05). Furthermore, the results showed that CUMS rats 
had longer escape latency than the control group rats, 
whereas miR-144 or fluoxetine treatment could reverse the 
learning and memory impairment induced by CUMS (Figure 
2G, P<0.001). CUMS significantly increased swimming dis-
tance, whereas miR-144 or fluoxetine treatment could 
reverse the increased swimming distance induced by 

CUMS (Figure 2H, P<0.001). These results indicated that 
overexpression of miR-144 could significantly alleviate the 
depressive behaviors of CUMS rats, which was similar to the 
effect of depression treatment drug Fluoxetine.

Effect of miR-144 on PTP1B/TrkB/BDNF 
Signaling Pathway in Hippocampus of 
CUMS Rats
To investigate the effect of miR-144 on the PTP1B/TrkB/ 
BDNF signaling pathway in the hippocampus of CUMS 
rats, expression of proteins PTP1B, pTrkB, and BDNF in 
the rat hippocampus were determined by Western Blot. The 
results showed that the expression of PTP1B in the hippocam-
pus of the CUMS + LV-miR-144 group was significantly 
lower than that of the CUMS + LV-scramble group 
(P<0.01), while the expression levels of pTrkB and BDNF 
were significantly higher than that in the CUMS + LV- 
scramble group (Figure 3A and B, P<0.01). This indicated 
that LV-miR-144 treatment inhibited the expression of PTP1B 
and up-regulated the protein expression of pTrkB and BDNF 
in the hippocampus of the CUMS rat. Next, we used bioinfor-
matics analysis to predict that PTP1B was a potential target of 
miR-144 (Figure 3C). Meanwhile, the mutant (MUT) or wild 
type (WT) PTP1B 3-’UTR vector was co-transfected with LV- 
scramble or LV-miR-144 into HEK293T cells and the 
luciferase activity was assessed. It showed that, after co- 
transfection with LV-miR-144, luciferase activity of the 
PTP1B 3-’UTR-WT group was significantly lower than that 
of the PTP1B 3ʹ-UTR-MUT group (Figure 3D, P<0.01). 
Furthermore, the expression of PTP1B in primary hippocam-
pal neurons transfected by LV-scramble or LV-miR-144 was 
determined by Western Blot. The results showed that, com-
pared with the LV-scramble group, the expression of PTP1B 
in the primary hippocampal neurons transfected with LV-miR 
-144 was significantly down-regulated (Figure 3E and F, 
P<0.01). These results suggested that PTP1B was a direct 
target of miR-144. Corticosterone (CORT), Interleukin-1β, 
and TNFα were reported to be key mediators in depression. 
We then investigated the level of CORT, IL-1β, and TNFα in 
the serum and hippocampus of CUMS rats by ELISA. 
Supplementary Figure S1A and B showed the CORT concen-
tration changes in both Serum and hippocampus, in the groups 
of con + Lv-scramble, con + Lv-miR-144, CUMS + Lv- 
scramble, CUMS + Lv-miR-144, and CUMS + fluoxetine. 
In comparison with the con + Lv-scramble group, the CORT 
concentrations in the CUMS + Lv-scramble group was greatly 
elevated in both the serum and hippocampus. Compared with 
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the con + Lv-miR-144, the CORT concentration in CUMS + 
Lv-miR-144 has a slight elevation. Similar results were 
observed in CUMS + fluoxetine. In order to examine the 
inflammatory levels, concentrations of TNF-α and IL-1β in 
the serum and hippocampus were detected. As shown in 

supplementary Figure 1C–F, the levels of TNF-α and IL-1β 
in the CUMS + Lv-scramble group were greatly elevated in 
both serum and hippocampus, compared with con + Lv- 
scramble. In contrast to the con + Lv-miR-144 group, 
the concentration of TNF-α and IL-1β in the CUMS + Lv- 

Figure 2 Effect of miR-144 on depressive behaviors in CUMS rats. (A) The relative sucrose preference of rats in each group. (B) The time in open arms of rats in each 
group was tested by Elevated maze. (C) Immobility time of rats in each group. (D) The sucrose preference of rats in each group. (E) The time in open arms of rats in each 
group. (F) The immobility time of rats in each group. (G) The escape latency of rats in each group. (H) The swimming distance of rats in each group.  Data were presented as 
mean±SD from at least three independent experiments. 
Notes: n=6; compared with the con + LV-scramble group, **P<0.01, ***P<0.001; compared with the CUMS + LV-scramble group, ##P<0.01, ###P<0.001.
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miR-144 groupwere slightly higher. Similar results were also 
observed in CUMS + fluoxetine.

Discussion
Depression is a type of mental disorder mainly characterized 
by low mood, which seriously affects the quality-of-life of 
patients.33 Long-term external stress was found to be a major 
contributor to depression.34 The hippocampus is the central 
brain region that receives long-term external stress and plays 
an important role in the development of depression.35 

Increasing numbers of studies have proved that miRNAs 

are involved in the occurrence and development of mental 
diseases.36,37 MiR-144 is a tumor suppressor miRNA, which 
is down-regulated in a variety of human tumors, such as 
thyroid papillary cancer, ovarian cancer, non-small cell 
lung cancer, pancreatic cancer, etc.14,38,39 However, the role 
of miR-144 in depression remains unclear. In the present 
study, the depression model of CUMS rats was established 
to explore the involvement of miR-144 in the hippocampus 
area of CUMS rats. Depression is characterized by inhibition 
of psychokinesis, hopelessness, anhedonia, and decreased 
interest.40 In animal experiments, sucrose preference test, 

Figure 3 Effect of miR-144 on the PTP1B/TrkB/BDNF signaling pathway. (A, B) Detection of the protein expression of PTP1B, pTrkB, and BDNF in the hippocampus by 
Western Blotting. (C) Schematic diagram of miR-144 binding sites in PTP1B 3ʹ-UTR. (D) Detection of the luciferase activity of PTP1B 3ʹ-UTR-WT and PTP1B 3ʹ-UTR-MUT 
genes in HEK293T cells. (E, F) Detection of the protein expression of PTP1B in primary hippocampus neurons transfected with LV-scramble or LV-miR-144 by Western 
Blotting. Data were presented as mean±SD from at least three independent experiments. 
Notes: n=6; compared with the con + LV-scramble group, **P<0.01; compared with the CUMS + LV-scramble group, ##P<0.01.
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elevated maze test, open field test, and forced swimming test 
are often used to evaluate the degree of depression.41 The 
results of this study showed that the body weight, sucrose 
preference, and time in open arms significantly decreased in 
CUMS model rats, while the immobility time significantly 
increased, indicating the successful establishment of the 
depression model in rats. Meanwhile, qRT-PCR results 
showed that miR-144 was down-regulated in the hippocam-
pus of CUMS rat, suggesting that miR-144 might be asso-
ciated with depressive behavior in rats.

Based on the successful establishment of the CUMS rat 
model, LV-scramble or LV-miR-144 was stereotaxically 
injected into the bilateral hippocampus of rats to evaluate 
the depressive behavior of rats in this study. Fluoxetine is 
a drug that can improve the depressive behavior of depres-
sion model animals, which is a commonly used positive 
control drug for depression researches.42 Fluoxetine was 
also selected as a positive control drug for LV-miR-144 in 
this study. The results showed that the sucrose preference 
and time in open arms of the CUMS + LV-miR-144 group 
were significantly increased, while the immobility time 
was significantly decreased. Zhao et al found that the 
expression of miR-101 was down-regulated in the VLOs 
of the CUMS rat brain, and injection of miR-101 mimic 
could significantly alleviate the depressive behaviors of 
CUMS rats.43 Higuchi et al44 reported that the expression 
level of miRNA-124 was significantly decreased in the 
hippocampus tissue of CUMS rats, while overexpression 
of miR-124 in the hippocampus area could significantly 
reverse the depression-like behaviors of CUMS rats. The 
results of this study suggested that overexpression of miR- 
144 could significantly alleviate the depressive behavior of 
CUMS rats, and its antidepressant effect was similar to 
that of Fluoxetine.

PTP1B plays a role in maintaining the phosphorylation 
balance of tyrosine protein and is involved in various physio-
logical processes such as cell growth, cell differentiation, gene 
transcription, immune response, and signal transduction.45 It 
has been reported that PTP1B was a negative regulator of 
tyrosine phosphorylation of the tyrosine kinase TrKB, the 
receptor for brain-derived neurotrophic factor (BDNF).46 

The TrkB/BDNF signaling pathway is involved in the occur-
rence and development of depression.47 Our results showed 
that the expression of PTP1B protein in the hippocampus of 
CUMS rats was significantly up-regulated, while the expres-
sion of pTrkB and BDNF were significantly down-regulated, 
suggesting that the depressive behaviors of CUMS rats might 
be related to the PTP1B/TrkB/BDNF signaling pathway. In 

order to further explore the effect of miR-144 on the PTP1B/ 
TrkB/BDNF signaling pathway in the hippocampus of CUMS 
rats, LV-scramble or LV-miR-144 was stereo-injected into the 
bilateral hippocampus of rats. The results showed that LV-miR 
-144 treatment inhibited the expression of PTP1B in the 
CUMS rat hippocampus and up-regulated the expression of 
downstream pTrkB and BDNF. Serra et al48 found that down- 
regulated expression of BDNF and TrkB in the hippocampal 
tissue of rats could aggravate the depression degree of 
depressed rats. Wei et al49 reported that H2S exerted an anti-
depressant effect on CUMS rats by activating the BDNF/TrkB 
pathway. Therefore, the results of this study suggested that 
miR-144 might be related to PTP1B/TrkB/BDNF signal trans-
duction in the hippocampus of CUMS rats. MiRNAs can 
inhibit gene expression by complementary binding to the 
target gene mRNA. It was reported that PTP1B can promote 
neuro-inflammation.50 We confirmed that PTP1B was a direct 
target of miR-144. In addition, the expression of PTP1B in the 
hippocampus and primary cultured hippocampal neurons 
transfected with LV-miR-14 was significantly down- 
regulated, indicating that the expression of PTP1B was 
directly regulated by miR-144.

Conclusion
In conclusion, the present study assessed the mechanisms 
of miR-144 in the hippocampus area of CUMS rats. These 
results indicated that miR-144 could activate the down-
stream TrkB/BDNF signaling pathway by inhibiting the 
expression of PTP1B in the hippocampus of CUMS rats, 
and eventually play an anti-depressive role in the stress 
dysfunction hippocampus.
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