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Introduction

Depression is one of the most common complications 
after stroke, and its incidence varies from 20% to 70% due 
to differences in individual factors, evaluation criteria, 
and disease time (1). The main clinical symptoms of post-
stroke depression (PSD) are low mood, taciturnity, and 
large mood swings. If treatment is delayed, it will affect 
the recovery effect on the patients’ neurological function. 
In severe cases, the patients will refuse treatment or com-
mit suicide, which affects the quality of life seriously of 
PSD patients (2,3). There are evidences that the incidence 
of PSD is significantly and positively correlated with the 
risk of stroke recurrence and death (4). PSD patients have 
not only cognitive dysfunction but also a very long reco-
very process after stroke. Therefore, early detection and 
intervention of PSD are of great significance to improve 
the treatment effect and prognosis of the patients.

The pathogenesis of PSD is still unclear nowadays, 
but studies have confirmed that PSD is related to neuro-
trophic and receptor signaling, activation of inflammatory 
immune responses, secondary degenerative changes, and 
more factors (5,6). Micro ribonucleic acid (miRNA) is 
a very important class of regulatory molecules that have 

drawn attention in recent years. miRNAs can target spe-
cific messenger ribonucleic acid (mRNA), causing their 
degradation or protein translation arrest, and regulating 
biological processes of cell proliferation, apoptosis, diffe-
rentiation, and so on (7). miRNA gets about 19-25 amino 
acids in length and is stably present in plasma. A large 
number of researches have confirmed that miRNA, as a 
new and potential blood biomarker, has been involved in 
the prediction, diagnosis, and treatment of various psy-
chiatric diseases (8,9). miR-146a-5p was first discovered 
and characterized in mice, and it was proved to be in-
volved in various malignant tumors (10,11). Studies have 
also demonstrated that miR-146a-5p plays an important 
role in certain neuronal diseases, such as stroke, Parkin-
son's disease, and epilepsy. Pan et al. (2017) (12) showed 
that miR-146a-5p was involved in the proliferation, mi-
gration, and apoptosis of human cerebral vascular smooth 
muscle cells. Zhang et al. (2021) (13) also illustrated that 
miR-146a-5p could regulate the neuroinflammatory res-
ponse mediated by microglia through the IRAK1/TRAF6 
pathway, and then participate in the process of ischemic 
stroke. However, there are relatively few reports on whe-
ther miR-146a-5p participates in the occurrence and deve-
lopment of PSD.
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To this end, the expression level of miR-146a-5p in 
peripheral blood of PSD patients was detected, and its cor-
relation with PSD was analyzed. Then, the potential target 
genes of hsa-miR-146a-5p were analyzed by bioinformatic 
methods. The gene ontology (GO) functional annotation 
of the target genes and the Kyoto Encyclopedia of Genes 
and Genome (KEGG) pathway enrichment analysis were 
also conducted. This research aimed to provide ideas for 
the identification of miR-146a-5p target genes and their 
roles in the process of PSD.

Materials and Methods

Research objects
Patients with acute cerebral infarction, who visited 

the Department of Neurology of Second Affiliated Hos-
pital of Harbin Medical University from June 2020 to 
January 2022, were selected as the research objects. 
Inclusion criteria were as follows. (i) Stroke in patients 
met the diagnostic criteria of Key Points for Diagnosis of 
Various Cerebrovascular Diseases, and the patients were 
diagnosed with stroke by brain imaging examination. (ii) 
The onset time of the patients was within 7 days. (iii) The 
patients were 18 years old at least. The exclusion criteria 
below were also followed. (i) The patients were diagnosed 
with dementia, cognitive dysfunction, or disturbance of 
consciousness during the treatment process, so they were 
unable to cooperate with the examination or follow-up. (ii) 
Those were diagnosed with depression or depressive state 
after stroke and were treated with antidepressant drugs. 
(iii) They had other mental illnesses. (iv) They suffered 
from severe underlying diseases such as malignant tumors 
and physical disorders. (v) They got severe organic or sys-
temic diseases. (vi) They went with severe hearing or a 
visual impairment, unable to complete the neuropsycholo-
gical test. (vii) They were unable to complete the research, 
withdrew, or died. This research had been approved by the 
Ethics Committee of Second Affiliated Hospital of Har-
bin Medical University, and the included patients and their 
families signed the informed consent.

24 hours after admission, the National Institutes of 
Health Stroke Scale (NHISS) of patients were scored by 
a professional neurologist. The patients were followed up 
3 months after stroke, at which the Hamilton Depression 
Scale-17 terms (HAMD-17) were completed by them and 
then scored. When the HAMD-17 score was greater than 
or equal to 7 points, the patient was considered to have 
depression. According to the HAMD-17 score, the patients 
were divided into the PSD group and the non-post-stroke 
depression (N-PSD) group.

Clinical sample collection and reverse transcription-
quantitative polymerase chain reaction (RT-qPCR)

15 mL of peripheral venous blood samples were collec-
ted from patients, and anticoagulated with sodium citrate 
anticoagulant. Then, the samples were centrifuged at 3000 
rpm for 5 min, and the supernatant was collected. Serum 
total RNA was extracted by the Trizol method; the concen-
tration, purity, and integrity of the extracted RNA were de-
tected by 1% agarose gel electrophoresis and a multifunc-
tional microplate reader. According to the instructions of 
the cDNA reverse transcription kit [Takara Biotechnology 
(Dalian) Co., Ltd.], the cDNA reverse transcription of the 
total RNA was extracted. The concentration and purity of 

cDNA were also detected with a multi-function microplate 
reader. The reaction system and reaction procedure of RT-
qPCR were set up in accordance with the instructions of 
the TB Green fluorescence quantitative kit [Takara Bio-
technology (Dalian) Co., Ltd.]. U6 quantification primer 
sequences were 5’-AAAGCAAATCATCGGACGACC-3’ 
(upstream) and 5’-GTACAACACATTGTTTCCTCG-
GA-3’ (downstream). The quantification primer sequences 
of miR-146a-5p were, 5’-ACTACTCCAGCTGGGAA-
TG-3’ (upstream) and 5’-TGGTCTGGTGGTGATGAG-
GTTG-3’ (downstream). As U6 was taken as the internal 
reference gene, the relative expression level of the target 
genes was detected by the 2-ΔΔCT method.

Conservation analysis of miR-146a-5p sequence
Online databases such as UCSC (http://genome.ucsc.

ed) were utilized to find the gene sequence, chromosomal 
location, and species conservation of human miR-146a-
5p. Clustal Omega software was used for the analysis of 
sequence conservation of miR-146a-5p in different spe-
cies, including Homo sapiens, Pan troglodytes (chimpan-
zees), Mus musculus (mice), and so on.

Tissue differential expression of miR-146a-5p
miRGator v3.0 database (http://mirgator.kobic.re.kr/) 

recorded the deep sequencing datasets of human miRNAs 
distributed by institutions such as Gene Expression Omni-
bus (GEO), Sequence Read Archive (SRA), and The Can-
cer Genome Atlas (TCGA). The sequencing datasets were 
composed of 4.1 billion short sequences and 2.5 billion 
matched sequences. The expression of human miR-146a-
5p in different tissues and organs were searched using 
miRGator v3.0 database, in which the predictive analysis 
was also made.

miR-146a-5p target gene prediction
miRGen v4.0 (http://diana.cslab.ece.ntua.gr/mirgen/), 

TargetScan v8.0 (https://www.targetscan.org/), DIA-
NA-microT-CDS v5.0 (https://dianalab.e-ce.uth.gr/html/
dianauniverse/index.php?r=microT_CDS), and miR DIP 
(http://ophid.utoronto.ca/mirDIP/) were utilized for the 
prediction of human miR-146a-5p target genes. A Venn 
diagram was drawn using the online tool Venny v2.1 
(http://bioinfogp.cnb.csic.es/tools/venny/index.html), and 
the intersections were included in the target gene dataset.

GO and KEGG enrichment analysis of miR-146a-5p 
target genes

GO analysis of human miR-146a-5p target genes was 
made using the FUNRICH online tool (http://www.funrich.
org/), in the directions of cellular component, molecular 
function, and biological process. The enrichment analysis 
of KEGG signaling pathway of human miR-146a-5p tar-
get genes was performed using DAVID database (http://
David.abcc.ncif-crf.gov/) and KOBAS database (http://
kobas.cbi.pku.edu.cn/). The Fisher’s exact test came with 
the DAVID database used for the calculation of the P va-
lue, and P<0.05 was thought as a significant threshold.

miR-146a-5p target gene protein interaction analysis
The protein interaction predictive parsing was operated 

on human miR-146a-5p target genes through the String 
v11.0 database (http://www.string-db.org/). Combined 
with Cytoscape v3.6 software, the target gene-encoded 
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1460485393. The mature sequences of miR-146a-5p were 
retrieved and compared among different species, as the 
results were represented in Figure 2. The miR-146a-5p 
sequence was highly conserved in multiple species, and 
the mature sequence was UGAGAACUGAAUUCCAUG-
GGUU.

Differential analysis of tissue expression of hsa-
miR-146a-5p

The expression of miR-146a-5p was analyzed in dif-
ferent human tissues and organs, which were summarized 
in Figure 3. It could be found that the expression abun-

protein interaction network was drawn.

Statistical analysis
Statistical analysis of experimental data was made 

using SPSS 19.0. Continuous variables were expressed as 
mean ± standard deviation, and differences between the 
two groups were compared using an independent samples 
t-test. Dichotomous variables were expressed by the num-
ber of cases (percentage), in which the differences between 
the two groups were compared using the χ2 test. The dif-
ferential analysis of GO molecules and KEGG pathway 
enrichment was performed with the one-way analysis of 
variance. It was considered that a difference was signifi-
cant statistically when P<0.05.

Results

General data analysis of the two groups of patients
The clinical data of patients were compared between 

the PSD and N-PSD groups, as the results were shown in 
Table 1. No significant difference was discovered in gen-
der ratio, average age, history of high blood pressure, his-
tory of diabetes, history of coronary heart disease, course 
of a stroke, and NIHSS score between the two groups 
(P>0.05). The HAMD-17 score in the PSD group was 
greatly higher than that in the N-PSD group, showing a 
significant difference statistically (P<0.05).

miR-146a-5p expression in serum and correlation ana-
lysis in PSD patients

The miR-146a-5p expression levels in serum were 
compared between the PSD and N-PSD groups, shown in 
Figure 1A. It could be observed that the expression level 
of miR-146a-5p in serum of PSD patients was higher than 
that of N-PSD patients significantly, with a difference of 
statistical significance (P<0.05).

As shown in Figure 1B, the receiver operator characte-
ristic (ROC) curve was drawn for analyzing the sensitivity 
and specificity of miR-146a-5p in predicting PSD. The 
area under the curve (AUC) was 0.812 of miR-146a-5p 
for the prediction of PSD (95% confidence interval (CI): 
0.733-0.982, P<0.05). The cut-off value was 1.439, and 
the sensitivity, as well as specificity, were 0.703 and 0.811, 
respectively.

Sequence conservation analysis of hsa-miR-146a-5p
miR-146a-5p was located in the chr5q33.3 chromo-

some of the human genome and between chr5:160485373-

Clinical data PSDgroup (n=12) N-PSD group (n=31) P-value
Gender [n (%)] 0.906

Male 5 (41.7) 15 (48.4)
Female 7 (58.3) 16 (51.6)

Age (years old) 61.3±5.8 60.5±4.4 0.552
History of high blood pressure [n (%)] 3 (25.0) 8 (25.8) 0.911

History of diabetes [n (%)] 5 (41.7) 15 (48.4) 0.729
History of coronary heart disease [n (%)] 4 (33.3) 10 (32.3) 0.668

Course od stroke (d) 66.9±7.4 67.3±6.1 0.527
NIHSS score 5.8±1.3 5.9±2.0 0.518

HAMD-17 score 19.6±3.3 6.3±1.7 0.000

Table 1. Comparative analysis of patients’ clinical data in PSD and N-PSD groups.

Figure 2. Mature sequence comparison of miR-146a-5p among mul-
tiple species.

Figure 1. miR-146a-5p serum expression and ROC curve analysis 
of patients. (Figure A presented the difference in miR-146a-5p serum 
expression between PSD and N-PSD patients, while Figure B was the 
ROC curve of miR-146a-5p predicting PSD. * indicated that the dif-
ference between the two groups was significant statistically, P<0.05.)



43

Zhimin Chen et al. / Depression-related signaling pathways regulated by miR-146a, 2022, 68(6): 40-47

dance of miR-146a-5p was relatively high in lymphocytes, 
while was relatively low in tissues such as the heart, kid-
ney, and gastrointestinal tract.

Target gene prediction of hsa-miR-146a-5p
The target genes of hsa-miR-146a-5p were predicted 

using each database, then the results were displayed in 
Figure 4. Targetscan database predicted 283 target genes, 
miRGen predicted 249 target genes, miR DIP predicted 
220 target genes, and miRBD predicted 488 target genes. 
After the predicted target genes of the databases were in-
tersected, 42 target genes were obtained in total. The spe-
cific target genes obtained were listed in Table 2.

GO analysis of hsa-miR-146a-5p target genes
GO functional annotation analysis was performed of 

hsa-miR-146a-5p target genes, as the results were repre-
sented in Figure 5. hsa-miR-146a-5p target genes were 
mainly involved in biological processes, cellular compo-
nents, and molecular functions. The biological processes 
included cellular processes, biological regulation, and re-
gulation of RNA metabolic process. Cellular components 
referred to cells, intracellular components, and organelles. 

Figure 3. Expression of hsa-miR-146a-5p in various tissues and or-
gans.

Figure 4. Venn diagram of target gene prediction of hsa-miR-146a-
5p.

No. ID of genes Name of target genes No. ID of genes Name of target genes
1 ENST00000370900.1 IGSF1 22 ENST00000540052.1 BCORL1
2 ENST00000302350.4 CDKN2AIP 23 ENST00000288266.3 APPL1
3 ENST00000325144.4 ZBTB2 24 ENST00000362063.2 ZNF652
4 ENST00000369980.3 IRAK1 25 ENST00000369075.3 SEC23IP
5 ENST00000369649.4 SLC10A3 26 ENST00000327827.7 C16orf72
6 ENST00000313899.7 HNRNPD 27 ENST00000312960.3 SIAH2
7 ENST00000446113.2 ZDHHC13 28 ENST00000371103.3 LCOR
8 ENST00000465357.2 NOVA1 29 ENST00000544604.2 ZNRF3
9 ENST00000526995.1 TRAF6 30 ENST00000297107.6 GALNT10
10 ENST00000449592.2 TMEM120B 31 ENST00000457153.2 SYT1
11 ENST00000437042.2 RARB 32 ENST00000522677.3 MYBL1
12 ENST00000402045.1 LFNG 33 ENST00000375256.4 ZNF367
13 ENST00000264246.3 CD80 34 ENST00000436010.2 ROBO1
14 ENST00000554546.1 NUMB 35 ENST00000376773.1 PPP1R11
15 ENST00000423015.1 KLF7 36 ENST00000347624.3 LRRC15
16 ENST00000526148.1 EIF4G2 37 ENST00000323669.5 DDHD1
17 ENST00000403733.3 WWC2 38 ENST00000369888.1 ZNF512B
18 ENST00000447404.2 STRBP 39 ENST00000342788.4 ERBB4
19 ENST00000336078.4 ZNF532 40 ENST00000502732.1 ABL2
20 ENST00000361264.4 DCAF12 41 ENST00000263816.3 LRP2
21 ENST00000608872.1 FBXW2 42 ENST00000507740.1 RIMS2

Table 2. Information about target genes of hsa-miR-146a-5p.

Figure 5. GO functional annotation analysis of hsa-miR-146a-5p tar-
get genes. (Figure A was of a biological process; Figure B was of 
cellular components; Figure C was of molecular functions.).
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The molecular functions here included binding, transcrip-
tion regulator activity, and catalytic activity.

KEGG enrichment analysis of hsa-miR-146a-5p target 
genes

The enrichment analysis of the KEGG signaling pa-
thway was performed on the hsa-miR-146a-5p target 
genes. The top 10 results were selected for display in Fi-
gure 6. It was shown that hsa-miR-146a-5p target genes 
were mainly enriched in the Toll-like receptor (TLR) si-
gnaling pathway, nuclear factor kappa-B (NF-κB) signa-
ling pathway, neurotrophic signaling, and other processes.

hsa-miR-146a-5p target gene-encoded protein interac-
tion analysis

The interaction network diagram of the proteins en-
coded by the hsa-miR-146a-5p target genes was drawn 
through String software, which was presented in Figure 
7. It could be found that there was an interaction relation-
ship among the proteins encoded by most target genes, and 
only a few target genes did not interact with other genes. 
Then, the most strongly associated gene, endothelial ras-
related C3 botulinum toxin substrate 1 (Rac1), was selec-
ted to map the protein interaction network encoded by the 
strongly associated target genes; the results were displayed 
in Figure 8.

Discussion

Brain tissue damage occurs in patients after stroke, 
which may damage the emotional center (14). The re-
duction of the biochemical transmitter 5-HT and norepi-
nephrine in brain tissues can lead to depression, and the 
blockade of nerve conduction pathways can also make pa-
tients in low spirits (15). Depression will hinder the reco-
very of neurological functions in stroke patients; in severe 
cases, the patient's ability to live and quality of life will be 
affected, even it will cause death (16). PSD is a secondary 
depression, closely related to factors such as age, neurolo-
gical impairment, and lesion location (17,18). However, 
there is a lack of stable and convenient biochemical indi-
cators for PSD prediction currently.

miRNA is a class of micro non-coding RNAs of about 
22 nucleotides in length, highly conserved in evolution 
(19). miRNA can interact with the 3' untranslated region 
of mRNA and affect its post-transcriptional regulation, 
thereby participating in important biological processes 
such as cellular proliferation, apoptosis, and differentia-
tion (20). A large number of studies at present have pro-
ved that miRNAs can play the role of tumor-promoting or 
tumor-suppressing genes in cancers (21,22). miRNAs can 
also be involved in the inflammatory response, oxidative 
stress response, neurogenesis, and other processes of the 
central nervous system, and are in close relation with the 
process of PSD (23,24). Hu et al. (2020) (25) illustrated 
that miR-30-5p was highly expressed in the peripheral 
blood of PSD patients, and the sensitivity and specificity 
for PSD prediction were 0.727 and 0.840, respectively. 
Panta et al. (2019) (26) showed that miR-363-3p treatment 
can reduce the infarct volume of acute stroke in women 
effectively and was closely related to PSD. In recent years, 
it has been found that hsa-miR-146a-5p plays an important 
role in the inflammatory response and is strongly linked to 
acute stroke (27). But whether hsa-miR-146a-5p is related 

to PSD remains to be verified. To this end, the expression 
of miR-146a-5p was detected in peripheral blood of both 
PSD and non-PSD patients in this research, and bioinfor-

Figure 6. KEGG pathway enrichment analysis of target genes of hsa-
miR-146a-5p.

Figure 7. Protein interaction network diagram of has-miR-146a-5p 
target genes.

Figure 8. The protein interaction network of has-miR-146a-5p core 
target genes.
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matic technology was utilized to predict and analyze the 
target genes of hsa-miR-146a-5p.

The results of this work suggested that hsa-miR-146a-
5p showed a trend of high expression in clinical periphe-
ral blood samples of PSD patients. Meanwhile, its AUC 
for PSD prediction was 0.812 (95% CI: 0.733-0.982, P< 
0.05), the cut-off value was 1.439, and the sensitivity and 
specificity were 0.703 and 0.811, respectively. Liang et al. 
(2019) (28) showed that miR-140-5p was an independent 
risk factor for late-onset PSD prediction, and its sensiti-
vity and specificity were 0.833 and 0.726, respectively for 
predicting late-onset PSD. It was proved in this work that 
hsa-miR-146a-5p levels in the serum of stroke patients 
might be a novel biomarker for PSD prediction. To further 
understand the possible mechanism of hsa-miR-146a-5p 
on PSD, the hsa-miR-146a-5p was analyzed with bioin-
formatic technology. The results suggested that hsa-miR-
146a-5p owned highly conserved sequences in multiple 
species, and 42 target genes were predicted from multiple 
databases.

The GO function annotation and KEGG pathway en-
richment analysis were carried out on the target genes of 
hsa-miR-146a-5p. The target genes were mainly involved 
in biological processes like cellular processes, biological 
regulation, and RNA metabolic process regulation; cell 
components including cells, intracellular components, and 
organelles; as well as molecular functions such as binding, 
transcription regulator activity, and catalytic activity. The 
target genes of hsa-miR-146a-5p were majorly enriched 
in the TLR pathway, NF-κB pathway, neurotrophic si-
gnal transduction, and more. TLR signaling pathway is 
an innate immune pattern recognition receptor (29). The 
research of Chen et al. (2016) (30)demonstrated that miR-
146a-5p is a key regulator of the innate immune response 
and inhibits the secretion of pro-inflammatory cytokines 
through the TLR4/NF-κB pathway. The continuous acti-
vation of the NF-κB signaling pathway involves processes 
such as cell apoptosis, immune response, inflammatory 
response, and cell survival (31). Lei et al. (2020) (32) 
confirmed that miR-146a-5p had such an expression trend 
in Alzheimer's disease models; NF-κB could induce miR-
146a-5p to upregulate the target gene TIGAR, which pro-
moted oxidative stress and cell apoptosis in Alzheimer's 
disease. Neurotrophic signaling and axonal development 
are related to the process of PSD closely, and both axo-
nal development and nerve cell regeneration play a vital 
role in the functional repair of nerve cells after injury (33). 
Therefore, the target genes of miR-146a-5p may partici-
pate in neural remodeling by regulating the inflammatory 
response, neurotrophic factor signaling, and other pro-
cesses in vivo, and thereby participate in the occurrence 
and development of PSD.

Afterward, the protein interaction network of miR-
146a-5p target genes was constructed. Activation of Rac1 
plays different roles in multiple types of cells after central 
nervous system injury. A study by Bu et al. (2019) (34) 
proved that Rac1 in endothelial cells is quite important in 
post-stroke recovery and angiogenesis. The inhibition of 
Rac1 expression could promote the activation of regene-
rative molecules such as CREB and ERK1/2, and promote 
the generation of brain-derived neurotrophic factors. To 
the research of Li et al. (2017) (35), Rac1 is involved in 
the regulation of neuroinflammation and neuro-oxidative 
stress, which promotes neuronal death and affects cerebral 

ischemia/reperfusion injury in turn. Liu et al. (2018) (36) 
also illustrated that Rac1 played a central role in the rege-
neration of damaged brain axons. Inhibition of Rac1 could 
lead to the inactivation of pro-regenerative molecules and 
reduce the regeneration of neuronal axons, which was of 
important significance in the recovery of neural functions 
after stroke. As Rac1 is a potential target gene of miR-
146a-5p, miR-146a-5p can inactivate it by target binding 
to target genes such as Rac1, affecting neuronal axonal 
remodeling, and then participating in the PSD process.

In this work, RT-qPCR technology was used for the 
detection of differential expression levels of miR-146a-5p 
in peripheral blood of both PSD and non-PSD patients. 
It was indicated that miR-146a-5p might be involved in 
the process of PSD. Subsequently, the biological characte-
ristics and functions of miR-146a-5p were analyzed using 
bioinformatic methods, from which miR-146a-5p was 
found to participate in and affect the process of PSD by 
targeting mRNAs like Rac1. miR-146a-5p could be ap-
plied in clinical practice as a potential therapeutic target 
for PSD. However, a great number of basic and clinical 
trials were needed in the future for the verification of this 
hypothesis.
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