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ABSTRACT

To clarify the differential expressions of microRNAs and mRNAs in a PSD model, this study
employed PSD mice for model construction by injecting vasoconstrictor ET-1 (angioendothelin-
1) into the medial prefrontal cortex (mPFC) of mice. The animals underwent elevated plus maze
test, open field test, tail suspension test, and forced swimming test subsequently. Transcriptome
sequencing was performed to analyze the differentially expressed mRNAs and microRNAs. The
results showed that open arm entries and time of PSD mice were markedly decreased. Times of
the entry to center for mice in the model group were apparently decreased. The climbing time of
mice in the model group was greatly decreased. The behavior of PSD mice indicated a marked
change, and several indicators of the behavioral tests were significantly lower than those of the
control group. Transcriptome sequencing analysis demonstrated that expressions of 1 206 genes
and 21 microRNAs were markedly upregulated in model group, whereas expressions of 2 113
genes and 32 microRNAs were markedly downregulated. GO analysis revealed that the differen-
tially expressed genes were mainly involved in regulatory pathways of single-multicellular organ-
ism process, developmental process, cell periphery, plasma membrane, and neuron projection.
Meanwhile, KEGG analysis results indicated that the differentially expressed genes mostly partici-
pated in signaling pathways of neuroactive ligand-receptor interaction, calcium signaling path-
way, and cytokine-cytokine receptor interaction. In conclusion, differentially expressed microRNAs
and mRNAs were screened, which offers a theoretical foundation for further investigation of
molecular mechanisms and novel insight for the early identification, prevention, and treatment
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of PSD.

1 Introduction

Stroke represents one of the most common causes
of mortality and disability globally. As a frequently
encountered mental illness after stroke, PSD is
responsible for impaired quality of life and reha-
bilitation capabilities [1,2]. PSD is defined as the
depressive state suffered from a stroke. An epide-
miological study on several populations has
reported that PSD is a commonly seen complica-
tion of stroke. The estimated morbidity exceeds
30% within 5 years after stroke. It is reported
that about 20-50% of victims are diagnosed with
depression within 3 months post stroke, and most
last for at least one year [1-4]. PSD affects
patients’ quality of life and severely influences
their rehabilitation. Despite through great efforts
of research in decades, apparent progress has been

achieved in pathogenesis, there is still a lack of
effective treatment methods clinically. It is there-
fore that an in-depth investigation on the under-
lying PSD mechanisms and determination of its
targeted effects may benefit much in clinical prac-
tice [5,6].

The hippocampus is intimately associated with
human emotional and cognitive behaviors. Some
studies have found that the hippocampus is not
a uniform encephalic region but an intricate tissue
structure, and the hippocampus formation is
recognized as the basis of its relevance and func-
tional pleiotropy [7]. Typically, the simple para-
digm “cognition is controlled by the dorsal
(posterior) hippocampus, while emotion is
mediated by the ventral (anterior) hippocampus”
attributes cognitive impairment to the dorsal
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hippocampus, and affective disorder depressive
behavior is related to the ventral hippocampus.
That is, the hippocampus is a 2-in-1 system that
controls cognition and emotion in a healthy brain,
and hippocampal damage may be the cause of
cognitive and emotional disorders. Due to the
particular structure of the hippocampus, numer-
ous recent PSD studies have focused on the hip-
pocampus. Previous researchers have pointed out
that the hippocampus contains a great many ster-
oid receptors GRs and MRs, which mediate the
control of steroids on HPAA and behavior in
a coordinated manner [8]. CS (steroids) -
mediated negative feedback is achieved through
the activation of GR and MR at the central level,
mainly in the hippocampus. Owing to this finding,
it is currently reckoned that stress activates the
hypothalamus-pituitary-adrenal gland (HPA),
causing excessive release of CS, which then acts
on steroid receptors in the hippocampus, thereby
stimulating late neuroinflammation and signal
transduction. Consequently, neurogenesis disor-
ders and hippocampus degeneration cause depres-
sion. Some current PSD research has found that
acute inflammation occurs after stroke, leading to
the release of glucocorticoids [8,9]. These pro-
cesses reduce the transcription of neurotrophic
factors, thereby reducing neurogenesis and neuro-
plasticity, especially in the hippocampus and fron-
tal cortex. Additional studies have also revealed
that the hippocampus volume of patients with
depression is shrunk in magnetic resonance
images. PSD is related to cognitive dysfunction,
and this disorder may be indirectly caused by
hippocampal damage.

MicroRNAs are short-stranded single-stranded
ribonucleic acid molecules that bind to the 3’
untranslated region of target genes to prevent
translation or promote gene degradation at the
post-transcriptional level. Previous studies have
shown that the expression of miR-140-5p at
admission was positively correlated with the
HAMD depression scale score 3 months after
stroke, and the sensitivity of predicting delayed
PSD is 83.3%, and specificity 72.6%[10].
A 3-month follow-up study of 251 cases of acute
ischemic stroke has revealed that 45 cases (17.93%)
were diagnosed with premature PSD. Three are
randomly selected from the PSD group and the
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non-PSD group for chip sequencing. There are 25
micro-RNAs in the two groups with a multiple of
difference > 2 and P < 0.05. In the PSD group, the
expression of 4 miRNAs is upregulated, and the
expression of 21 miRNAs is downregulated [11].

We speculated that the regulation of transcrip-
tion level was of great significance to the patho-
genesis of PSD. In order to fully understand the
differentially expressed mRNA and microRNA in
the PSD disease model, ET-1 was injected into
a PSD mouse model. Behavioral testing and hip-
pocampal tissue sampling were performed one
week after surgery, and the whole transcriptome
was sequenced. Subsequently, the differential
genes were screened out and specific genes of
interest responsible for PSD were identified,
which assisted in figuring out the pathogenesis
of PSD.

2 Methods
2.1 Laboratory animals

Male C57BL/6 mice aged 6-8 weeks were pur-
chased from Chongging Laibite Biotechnology
Co., Ltd. The animals were bred under the envir-
onment of 24 + 2°C and 55% constant humidity.
They were provided light for 12 h a day, with food
and water ad libitum. Adaptive feeding to the
environment was given for 2 weeks before the
experiment (Figure S1A). The use of all laboratory
animals and experimental protocols were
approved and implemented in accordance with
the statement of ethical principles developed by
the World Medical Association (Declaration of
Helsinki) and the Ethics Committee of Animal
Testing of Xinqgiao Hospital.

Establishment of PSD model: The mice were
initially anesthetized with 5% halothane and main-
tained normal respiration with 1% halothane (a
mixture of 70% N,O and 30% O,). The mouse
was placed on a stereolocator (SR-9 M-HT,
Narishige) and fixed, the scalp was cut open, the
Bregma point was located and then adjusted to
zero. The injection sites were marked at AP:
1.5 mm, ML: 0.5 mm, DP: 2.6 mm, AP: 2.0 mm,
ML: 0.5 mm, and DP: 2.4 mm. The skull was
treated by grinding to expose the cortex. Then
2 ug/uL ET-1 (ab158333, Abcam) injection was



3584 (%) F.QINLIN ET AL.

employed to make 1 ul in total to perform injec-
tions at the two sites, each 0.5 pL. The injections
were given slowly at a rate of 0.1 pg/uL for each
site [12]. After injection, the needle was kept
untouched there for 5 min. After surgery when
the mice woke up, they were put into the animal
houses for feeding. Following 48 h, the mice were
performed brain magnetic resonance diffusion
imaging to determine whether the mPFC had
ischemic necrosis (Figure S1B). One week after
surgery, the model mice were subjected to beha-
vioral verification to determine whether there were
depressive behaviors. The control group was
injected with an equal volume of PBS.

2.2 Behavioral assays

Elevated plus maze test: One experimental animal
was placed in the central area of the elevated plus
maze, the head toward the open arms, and be
aware that each subsequent experimental animal
should be placed in the same position.
Simultaneously, the camera monitor was turned
on to measure the entries of the experimental
animals within 6 min, and the corresponding
data were recorded. During the experiment, the
operator should be at a distance of 1 meter from
the maze, so that the experimental environment
could be quiet and free from external disturbance
(Figure S1C). SuperFst software (Xinruan, China)
was employed for documentation [13].

Open field test: After putting the experimental
animals into the central area of the open field, the
movement of the experimental animals was
recorded for 6 min, and the corresponding data
were noted. During the experiment, the operator
should be at a distance of 1 m from the maze, so
that the experimental environment could be quiet
and free from external disturbance (Figure S1D).
SuperFst software (Xinruan, China) was employed
for documentation [14,15].

Tail suspension test: One-third of the mouse tail
was fixed with tape and hung on a bracket. The
head was kept 15 cm away from the platform and
photographed. The camera background showed
a significant contrast with the mouse fur color,
and C57 mice used a white background (Figure
S1E). The test was terminated after 6 min and

recorded using SuperTst software (Xinruan,
China) [16].

Forced swimming test: This test is recognized
as a kind of behavioral desperate experiment. By
placing an animal in a confined environment,
from which it struggles desperately and tries to
escape but fails, thus this experiment provides an
unavoidable pressure environment. After some
time until the animal exhibits a typical “stationary
state”, relevant parameters in the process of the
motionless state of despair were observed and
recorded, which were applied to evaluate the
effects of depressant and antidepressant. The
mice were put into a transparent plexigrine glass
tank with a diameter of 10 cm and a height of
25 cm, with a water depth of 15 cm and a water
temperature of 25°C. The total immobility time of
the mice for 6 min was recorded, which reflected
the helplessness of the animals. SuperFst software
(Xinruan, China) was employed for documenta-
tion [16,17].

2.3 Separation of hippocampal tissue

One week after surgery, the hippocampus tissue
was separated. Eight mice were tested in each
experiment. They were taken out of the cage and
caressed gently to be calmed down before quick
decapitation at the foramen magnum. The blood
on the skull surface was rinsed using 0°C - 4°C
normal saline. The skin was subsequently incised
to expose the skull. The skull was opened along
the midline using surgical scissors, as gentle as
possible to avoid damaging the brain tissue.
Then the skull was clipped with hemostatic for-
ceps from the internal to the external and gra-
dually removed the skull bone from bottom to
top. When the whole brain was exposed, the
meninges and blood vessels on the brain surface
were removed using ophthalmic forceps. The
brain was removed from the skull floor, soaked
in 0°C - 4°C normal saline for 30 s, and placed
on an ice pack to isolate the hippocampus tissue
of the mouse. The separated hippocampus was
quickly sealed and placed in a liquid nitrogen
box and transferred to a — 80°C refrigerator for
freezing immediately.



2.4 Total RNA extraction

To each 50-100 mg of hippocampal tissue, 1 ml of
Trizol (R0016, Beyotime) reagent was added and
homogenated employing an electric homogenizer.
The added hippocampus volume shall not exceed
10% of the Trizol reagent volume used for homo-
genization. To completely dissociate the nucleic
acid-protein complex, the homogenized hippo-
campal tissue was incubated at 15°C —30°C for
5 min. To each 1 ml of hippocampal homogenate,
0.2 ml of chloroform (67-66-3, Sigma) was sup-
plemented and vibrated the tube vigorously for 15
s. After incubation for 2-3 min at 15°C - 30°C, the
mixture was centrifuged at 12,000 g for 15 min at
4°C. The upper colorless water phase was trans-
ferred to a new centrifuge tube, in which 1 ml of
Trizol reagent was added during hippocampus
homogenization. And 0.5 ml of isopropanol
(563,935, Sigma) was added simultaneously and
mixed evenly. Following incubation at 15°C -
30°C for 10 min, centrifugation was performed at
12,000 g 4°C for 10 min. The supernatant in the
centrifuge tube was discarded and at least 1 ml of
75% ethanol (64-17-5, Sigma) was added to each
1 ml of hippocampal homogenate to wash the
RNA precipitate. After vibration, centrifugation
was performed at 7 500 g 4°C for 5 min. The
upper ethanol solution in the centrifuge tube was
discarded and dried the RNA precipitate in the air
for 5-10 min, avoiding complete dry, otherwise
the solubility of the RNA could be greatly affected.
When dissolving RNA, RNase-free water (3098,
Sigma) was added and repeatedly blown using
a pipette several times, and incubated at 55°C -
60°C for 10 min. The RNA solution harvested was
stored in a refrigerator at —80°C.

2.5 Transcriptome sequencing and data analysis

In transcriptome sequencing, samples of each
group were mixed and tested. Transcriptome
sequencing was implemented by Chongging
Biomedicine Biotechnology Co., Ltd. Original
sequencing data were processed after quality con-
trol (removal of 5 and 3’ linker sequences and
filtering out < 20bp fragments) to obtain the
trimmed data, which were aligned to the reference

genome. Using the StringTie software, the
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alignment reads were mapped to known transcrip-
tomes and transcription abundance was calculated.
The Ballgown package in R software was applic-
able for the measurement of gene expression, and
expressed as FPKM (fragments per kilobase of
gene/transcript model per million mapped frag-
ments) for unit. Where FPKM > 0.5, indicating
that it was expressed in each group. Ballgown was
used for quantitative analysis of expression levels
and pairwise differential expression analysis. The
differential fold was expressed using values of fold
change (FC). FC > 1.5 and P < 0.05 indicated that
the transcript or gene was differentially expressed
between both groups. The Gene Ontology enrich-
ment analysis method is GOseq, which is based on
Wallenius non-central hyper-geometric distribu-
tion. GO enrichment takes p values or padj less
than 0.05 as significant enrichment. KEGG (Kyoto
Encyclopedia of Genes and Genomes) is the main
public database about pathways. Pathway signifi-
cant enrichment analysis takes KEGG Pathway as
the unit and applies hypergeometric test to find
pathways that are significantly enriched in candi-
date target genes compared with the background
of the entire genome. For KEGG pathway enrich-
ment, p value or padj is less than 0.05 as significant
enrichment. The regulatory networks were con-
structed by Cytoscape V3.8 (San Diego, CA, USA).

2.6 gPCR detection

The extraction and quality testing of total RNA
from hippocampus tissue were performed as
previously described. Qualified RNA was rever-
sely transcribed according to the 2x PCR mas-
ter mix (Arraystar) instructions and cDNA was
obtained. The qPCR reaction system included: 2
x Master Mix, 5 pL; upstream primer, 0.5 pL;
downstream primers, 0.5 pL; template, 2 pL;
ddH20O, 2 pL. The reaction conditions were
95°C, 10 min; 40 PCR cycles (95°C, 10 s;
60°C, 60 s (for fluorescence collection). The
primer sequences used were as follows: FEZI,
TGCTCTGCCCTACCTAACCTT/

CGCGCTTGCTCGTGTTTAAT; SCOC,
CGGAGATGCTCTTGCCTATGAT/
TCAATTTTCAGACCTTCCAGAGG; ULK1,
CACACGCCACATAACAGACAA/
GCCCCACAAGGTGAGAATAAAG; NBRI,
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GGGCTTGCTGTCATTCCTTCA/
AAGGGAAACCGGGGAGCTAAT; and
GAPDH, TGCAACCGGGAAGGAAATGAA/
GCCCAATACGACCAAATCAGAG; miR-129-
5p, GACAATCTTGAAGTTGTTTTCT/
ATTGTCTTGAAGCTCATAAG-3; Ue,
CTCGCTTCGGCAGCACA/
AACGCTTCACGAATTTGCGT. The primers
were biosynthesized by Tsingke Biotechnology
Co., Ltd. The relative expression of genes was
calculated using the 274" method.

2.7 Detection of protein expression by Western
blot

The hippocampus was isolated under an aseptic
condition and placed in liquid nitrogen immedi-
ately. The tissues were lysed with 100 pL/mg pre-
cooled RIPA lysis solution, mixed evenly in
a homogenizer, lysed on ice for 15 min, vortexed
for 30 s, and then lysed on ice for 15 min. The
tissues were placed in a 4°C centrifuge and centri-
fuged at 12,000 r/min for 10 min for supernatant
collection.  After  quantification employing
Bicinchoninic acid (BCA) kit (P0012, Beyotime),
PBS and loading buffer were supplemented to
dilute the final protein concentration to 2.5 pg/
uL. The protein samples were denatured for incu-
bation at 100°C for 5 min, and frozen at —80°C for
later use. Electrophoresis was subsequently per-
formed using 10% SDS-PAGE gel. Concentrated
gel electrophoresis was run at 80 V constant vol-
tage for 30 min, and separate gel at 120 V constant
voltage for 90 min. The protein was wet trans-
ferred to a PVDF membrane under 70 V constant
pressure for 90 min. Following protein transfer,
a 5% skimmed milk powder TBST solution was
supplemented for blockage at room temperature
for 1 h and primary antibodies (anti-FEZ1, 1:5
000, Abcam, USA, anti-SCOC, 1:500, Abcam,
USA; anti-ULK1, 1:2 000, Abcam USA; anti-
NBRI, 1:1 000, Abcam, USA; and anti-GAPDH,
1:3 000, Bioss, China) were added for incubation
in a shaker at 4°C and vibrated gently overnight.
On the second day, the membrane was washed 3
times with TBST, each time for 10 min; After
secondary antibody was incubated for 2 h, it was
repeatedly incubated in an ultra-sensitive lumines-
cence color developing solution for 1 min and

then developed in a gel imaging system. Image]
(Rawak Software, Germany) software was
employed for gray value analysis of images.

2.8 Statistical analysis

Statistical ~ software =~ Graphpad Prism 8.0
(Graphpad, USA) was used to analyze the data.
The results were statistically analyzed by One-
way ANOVA followed by Tukey’s post test.
Measurement data were expressed by mean +
SEM. P < 0.05 was considered statistically
significant.

3 Results

PSD is the most common mental problem after
stroke, which seriously affects the quality of life
and rehabilitation ability of patients. We specu-
lated that the regulation of transcription level was
of great significance to the pathogenesis of PSD. In
order to clarify the differential expression of
microRNAs and mRNAs in the hippocampus of
the PSD model, this study prepared a PSD mouse
model by injection of ET-1. one week after the
operation, behavioral testing were performed and
hippocampal tissue were collected for transcrip-
tome sequencing.

3.1 Establishment of PSD model and behavioral
assays

This study established a PSD mouse model by
injecting vasoconstrictor ET-1 (angioendothelin-
1) into the medial prefrontal cortex (mPFC) of
mice. Meanwhile, behavioral changes of the
mouse model were observed and measured using
elevated plus maze tests, open field tests, tail sus-
pension tests, and forced swimming tests. The
results of elevated plus maze tests indicated that
the times of open arm entry of mice were
4.88 = 0.55 in the normal group and 1.50 + 0.38
in the model group (P < 0.01) (Figure la); The
times of closed arm entry of mice were
2500 + 3.33 in the normal group and
15.13 + 5.14 in the model group (Figure 1b); The
open arm time of mice was 38.65 + 4.60 s in the
normal group and 11.49 + 3.25 s in the model
group (P < 0.01) (Figure 1c); The closed arm
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Figure 1. Elevated plus maze test. A, Times of open arm entry. B, Times of closed arm entry. C, Open arm time. D, Closed arm time. E,
Duration of open and closed arm time. F, Total numbers of open and closed arm entries. G, Time ratio of open arm entry. H, Time

ratio of closed arm entry. #, P < 0.05; ##, P < 0.01.

time of mice was 262.20 + 11.42 s in the normal
group and 311.40 + 8.34 s in the model group
(P < 0.01) (Figure 1d); The total open arm time
of mice was 300.90 + 8.52 s in the normal group

and 32290 + 586 s in the model group
(Figure le); The total closed arm time of mice
was 29.88 + 3.67 s in the normal group and
16.63 + 533 s in the model group (Figure 1f);
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The time ratio of open arm entry was 1.65% =+
0.21% in the normal group and 3.65% + 1.03% in
the model group (Figure 1g); The open arm entry
ratio of mice was 17.01% * 1.94% in the normal
group and 12.47% * 3.71% in the model group
(Figure 1h);

The results of open field tests indicated that the
track length of four edges was 14,850 + 2 093 mm

in the normal group and 10,701 + 1 402 mm in the
model group (Figure 2a); The track time of four
edges was 241.2 £ 12.73 s in the normal group and
2579 + 23.31 s in the model group (Figure 2b);
The track length of mice in four corners was
12,308 £ 1 798 mm in the normal group and 7
237 £ 819.9 mm in the model group (P < 0.05)
(Figure 2c); The track time of mice in four corners
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Figure 2. Open field test. A, Track length of mice in four edges of the open field. B, Track time of mice in four edges. C, Track length
of mice in four corners. D, Track time of mice in four corners. E, Track length of mice in the center. F, Time of mice entry to center. G,
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was 103.4 + 10.93 s in the normal group and
98.26 + 23.54 s in the model group (Figure 2d);
The track length of mice in the center was 1
506 + 185 mm in the normal group and
561.6 = 190.7 mm in the model group (P < 0.01)
(Figure 2e); The track time of mice in central entry
was 14.28 + 4.08 s in the normal group and
2.87 + 0.83 s in the model group (P < 0.05)
(Figure 2f); The times of entry to center were
5.13 £ 0.64 in the normal group and 2.00 + 0.60
in the model group (P < 0.01) (Figure 2g); The
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time ratio of entry to center was 3.98% + 1.13% in
the normal group and 0.80% + 0.23% in the model
group (P < 0.05) (Figure 2h); The total track length
of mice was were 28,664 * 3 992 in the normal
group and 18,500 + 2 255 in the model group
(P < 0.05) (Figure 2i);

The tail suspension test revealed that the climb-
ing time of mice was 28.94 * 5.22 s in the normal
group and 16.93 + 4.10 s in the model group
(Figure 3a); The proportion of climbing time was
8.04 + 1.45% in the normal group and 4.70% +
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Figure 3. Tail suspension test. A, Climbing duration of mice in both groups. B, Climbing time ratio. C, Inactive time. D, Inactive time

ratio. E, Swing time. F, Swing time ratio. #, P < 0.05; ##, P < 0.01.
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1.14% in the model group (P < 0.05) (Figure 3b);
The inactive time was 304.30 * 4.60 s in the
normal group and 327.60 + 5.84 s in the model
group (P < 0.01) (Figure 3c); The inactive time
ratio was 84.53 £ 1.28% in the normal group and
91.00 £ 1.63% in the model group (P < 0.01)
(Figure 3d); The swing time was 26.76 + 8.17
s in the normal group and 15.46 + 2.85 s in the
model group (Figure 3e); The proportion of swing
time was 7.44 + 2.27% in the normal group and
4.30 + 0.79% in the model group (Figure 3f).
Finally, in forced swimming tests, the inactive
time of the two groups was 132.5 + 15.99 s in the
normal group and 188.9 + 15.18 s in the model
group (P < 0.05) (Figure 4a); And the inactive time
ratio was 36.79 + 4.44% in the normal group and
5247 * 4.22% in the model group (P < 0.05)

(Figure 4b); The swing duration was
2276 + 1599 s in the normal group and
171.1 + 15.18 s in the model group (P < 0.05)
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(Figure 4c); The proportion of swing time was
6321 + 4.44% in the normal group and
47.53 + 4.22% in the model group (P < 0.05)
(Figure 4d). The previously described results
revealed that compared with the control mice,
the behavior of PSD mice indicated a marked
change and several indicators of the behavioral
tests were markedly lower than those of the con-
trol group. It indicated that the PSD mouse model
was successfully prepared in this study.

3.2 Transcriptome sequencing to screen
differentially expressed mRNA and microRNA in
PSD mice

The previously performed tests were phenotypic
research of the behavioral changes of PSD mice.
To further reveal the effect of PSD on the mole-
cular level of mice, we used transcriptome sequen-
cing to detect the differential expressions of PSD
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Figure 4. Forced swimming test. A, Inactive time of mice in both groups. B, Inactive time ratio. E, Swimming time. D, Swimming time

ratio. #, P < 0.05; ##, P < 0.01.



mice at a transcriptome level. The results showed
that compared with the control group, the expres-
sion of 1 206 genes in the model group was sig-
nificantly upregulated, and the expression of 2 113
genes was significantly downregulated (Figure 5a).
GO analysis showed that the differentially
expressed genes were mainly involved in single-
multicellular organism process, developmental
process, cell periphery, plasma membrane, and
neuron projection, and other regulatory pathways
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(Figure 5b). KEGG analysis results showed that
differentially ~expressed genes were mainly
involved in neuroactive ligand-receptor interac-
tion, calcium signaling pathway, and cytokine-
cytokine receptor interaction, and other signaling
pathways (Figure 5c).

In addition, through transcriptome sequencing,
it was found that the expression of 21 microRNAs
in the model group was significantly upregulated,
and the expression of 32 microRNAs was
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Figure 5. Transcriptome sequencing screening the differentially expressed mRNA in post-stroke depression mice. A, Differential gene
volcano map. A total of 1206 genes were significantly upregulated and 2 113 genes were significantly downregulated. B. GO
analysis. C, KEGG analysis of major signaling pathways involved in differentially expressed genes.
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Figure 6. Transcriptome sequencing screened differentially expressed microRNAs and targeted relationships between differentially
expressed microRNAs and significantly different mRNAs in post-stroke depression mice. A, Differentially expressed microRNA volcano
map. B, Targeting relationship between significantly differentially expressed microRNAs and significantly different mRNAs.

significantly downregulated (Figure 6a). We con-
ducted a joint targeted analysis of differentially
expressed microRNAs and mRNA and tried to
dig out the regulatory network. The results were
shown in Figure 6b, showing the targeting rela-
tionship of some significantly and differentially
expressed microRNAs and significantly different
mRNAs. From this, we speculated that PSD mice
altered greatly in the transcription level compared
with the control.

3.3 The expression of multiple autophagy
indicators increases significantly in the PSD
mouse model

It was observed from Figure 6 that the four genes
FEZ1, NBR1, ULK1, and SCOC around miR-129-
5p, were closely related to nervous system autop-
hagy, which have also been reported in the litera-
ture and increased autophagy has also been
reported in the hippocampus of PSD mice. To
further clarify this point, we

detected the expressions of miR-129-5p, FEZ1,
NBRI, ULK1, and SCOC in the hippocampus of
the model group and the control group. The qPCR

results showed that in the hippocampus of PSD
mice, the expression of miR-129-5p was signifi-
cantly reduced (Figure 7a), and the expressions
of FEZ1, NBR1, ULKI1, and SCOC were signifi-
cantly increased (Figure 7b-7e). The protein
expression levels of FEZI, NBR1, ULKI, and
SCOC were detected by Western blot, and the
results were consistent with qPCR results. In the
hippocampus tissue of PSD mice, the expressions
of FEZ1, NBR1, ULK1, and SCOC protein
increased significantly (figure 7-7j). It was verified
by qPCR and Western blot experiments which
were consistent with the results obtained by
sequencing. In addition, miR-129-5p and autop-
hagy-related genes FEZ1, NBR1, ULK1, and SCOC
can be used as the direction of our subsequent
research to further investigate its functions and
molecular regulatory mechanisms.

4 Discussion

Depression is the most common neuropsychiatric
complication after stroke. Nearly 33% of stroke
survivors suffer from PSD [18,19]. Its core symp-
toms are depression, apathy, fatigue, insomnia,
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Figure 7. gPCR and Western blot verification of the sequencing results. A, qPCR detection of miR-129-5p expression. B-E, gPCR
detection of the expressions of FEZ1, NBR1, ULK1 and SCOC. F-J, Western blot detection of the protein expression of FEZ1, NBR1,

ULK1 and SCOC. #, P < 0.05; ##, P < 0.01.

low self-evaluation, and even suicide. Early identi-
fication, prevention, and treatment of PSD are
critical to the recovery and prognosis of stroke
survivors [20-22]. In order to clarify the beha-
vioral and transcriptional changes of PSD, the
vasoconstrictor ET-1 was injected into the mPFC
to establish a PSD mouse model. Behavioral tests
elevated plus maze, open field, tail suspension, and
forced swimming were performed. Differentially
expressed mRNA and microRNA in model mice
were analyzed by transcriptome sequencing and
verified the sequencing results. This study found
that the PSD behavioral test indicators of mice
were substantially lower than those of the control
group, and the expression levels of 1 206 genes

were significantly upregulated, and the expression
levels of 2 113 genes were markedly downregu-
lated; the expression levels of 21 microRNAs were
significantly upregulated, and the expression levels
of 32 microRNAs were significantly downregu-
lated. In addition, this study indicated that miR-
129-5p and autophagy-related genes FEZ1, NBRI,
ULK1, and SCOC could be used as the direction of
our future research to explore the functions and
molecular regulation mechanisms.

As human brain tissue is difficult to be col-
lected, it is easier to apply PSD animal models to
study related brain regions. A model combining
middle cerebral artery occlusion (MCAO) with
chronic mild stress evokes stress- and stroke-
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induced behavioral phenotypes that can be treated
with antidepressants [23-25]. However, MCAO
models are usually associated with large and vari-
able lesions that affect large areas of the cortex and
striatum, and can therefore be confused by
obvious movement disorders that interfere with
the assessment of depression and anxiety [12].
The model we currently applied has nothing to
do with sports injuries and persists over time.
Microinjection of ET-1 into the left mPFC of
male C57/BL6 mice can produce unilateral and
reproducible focal ischemic injury, leading to
strong anxiety and depression phenotypes without
sensorimotor impairment [12]. These findings
have indicated that mPFC’s ET-1 damage may
help detect local brain activity changes that lead
to the PSD phenotype, and provide help for us to
further study the pathogenesis of PSD.

In the study of brain areas related to PSD, the
hippocampus is the tissue that attracted more con-
cerns [26,27]. Nerve fibers from the hippocampus
can project to the prefrontal cortex, amygdala, and
other brain areas related to emotions. The hippo-
campus is the high regulatory center of the stress
response, and it is also a sensitive brain area that is
easily affected by the stress response. Meanwhile, it
is closely related to the occurrence of depression.
Studies have shown that metabonomics technology
can be applied to analyze the depression-related
metabolites in the hippocampus of depression rats
induced by chronic unpredictable mild stimuli,
suggesting that the onset of depression links to
energy metabolism, amino acid metabolism, and
lipid metabolism [26,27]. Additionally, the enrich-
ment of circRNAs and miRNAs specifically
expressed in rats in the depression group and the
control group is also related to energy metabolism
and lipid metabolism. Furthermore, another study
has detected the expressions of two autophagy-
related proteins, LC3 and Beclinl, in the hippo-
campus of depression rats with chronic unpredict-
able mild stimulation, and found that they were
significantly increased in the hippocampus of
depression rats [28,29]. Our research also indi-
cated that the expression of 21 microRNAs was
markedly upregulated, and the expression of 32
microRNAs was significantly downregulated.

Moreover, the expressions of FEZ1, NBRI,
ULK]1, SCOC, and other proteins related to autop-
hagy increased substantially.

In recent years, a large number of studies have
shown that microRNAs are involved in the patho-
physiological process of many diseases, especially
in cerebral infarction, cancer, neurodegenerative
diseases, and epilepsy. There have been some stu-
dies on the relationship between miRNAs and
stroke and depression in the past [30,31].
A study of 251 patients with acute cerebral infarc-
tion includes early-onset PSD, late-onset PSD, and
non-depressive groups according to whether PSD
occurred 2 weeks and 3 months after the onset
[32]. Using gene chip technology to identify the
differential expression profile of serum miRNAs,
the differentially expressed miR-140-5p in patients
with late-onset PSD was significantly upregulated.
miR140-5p is an independent risk factor for late-
onset depression, and the expression of miR-140-
5p at admission was positively correlated with the
HAMD score 3 months after stroke. In a high-
throughput sequencing study of peripheral blood
miRNAs involving 20 cases of acute ischemic
stroke and matched healthy individuals, it was
found that miR-125a-5p, miR-125b-5p, and miR-
143-3p were combined to diagnose acute ischemic
stroke. The area under the ROC curve of ischemic
stroke patients and healthy controls is 0.90 (sensi-
tivity: 85.6%; specificity: 76.3%), which is superior
to conventional multi-modal brain CT (sensitivity:
72.5%). MicroRNAs can regulate one or more
target genes, and the same target gene may be
regulated by multiple microRNAs. If the target
gene of a microRNA is a post-stroke depression-
related gene, the expression of this microRNA may
regulate the occurrence and development of PSD.
This study demonstrated that in the PSD mouse
model, the expression of 1 206 genes was signifi-
cantly upregulated, whereas the expression of 2
113 genes was significantly downregulated; the
expression of 21 microRNAs was significantly
upregulated, but the expression of 32 microRNAs
was significantly downregulated. GO analysis
showed that differentially expressed genes were
mainly involved in single-multicellular organism
process, developmental process, cell periphery,



plasma membrane, and neuron projection, and
other regulatory pathways. KEGG analysis showed
that differentially expressed genes were mostly
involved in neuroactive ligand-receptor interac-
tion, calcium signaling pathway, and cytokine-
cytokine receptor interaction, and other signaling
pathways. Additionally, this study found that miR-
129-5p and autophagy-related genes FEZ1, NBRI,
ULK1, and SCOC could be used as the direction of
our next research to further study its functions and
molecular regulatory mechanisms. The limitation
of this study is the failure to perform further
functional verification of differentially expressed
microRNAs and mRNA. After overexpression or
knockout of candidate genes at the animal and
cellular levels, the phenotypic changes of the ani-
mal model or cell model and the changes of the
marker protein need to be detected.

5 Conclusions

The behavior of PSD mice indicated a marked
change, and several indicators of the behavioral
tests were markedly lower than those of the con-
trol group. The behavior of depressed mice after
a stroke had changed significantly, and many
behavioral test indicators were significantly lower
than the control group. A total of 21 microRNAs
expression levels were substantially upregulated,
and 32 microRNAs expression levels were mark-
edly downregulated. miR-129-5p and autophagy-
related genes FEZ1, NBRI, ULKI, and SCOC
could be used as targets for further research.

Highlights

The present study successfully developed a mouse model of
PSD.

Differentially expressed microRNAs were screened in PSD
mouse model.

Differentially expressed mRNAs were screened in PSD
mouse model.
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