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ELISA. The content of miR-409-3p in patients with 
IS and those with PSCI was both increased, and its 
content showed a significant negative correlation with 
the MoCA score. The binary logistic regression analy-
sis showed that the high-risk PSCI was associated with 
miR-409-3p. In MCAO mice, inhibition of miR-409-3p 
can significantly reduce the mNSS score and shorten 
the escape latency in the Morris water maze. Further
more, in neurons induced by OGD/R, down-regulation 
of miR-409-3p can exert a significant protective effect 
on neurons, manifested by enhanced cell viability, 
reduced apoptosis rate and inhibition of the synthesis 
of inflammatory factors. We conclude that miR-409-3p 
is a risk factor associated with PSCI. In MCAO mice and 
neurons induced by OGD/R, inhibition of miR-409-3p 
significantly alleviated neurological deficits and suppres
sed neuronal apoptosis and neuronal inflammation.

Introduction
Stroke is an acute cerebrovascular disease that causes 

brain damage and functional impairment (Sahebi et al., 
2024). Stroke is broadly classified into two subtypes: 
ischaemic stroke (IS) and haemorrhagic stroke (Knepp 
et al., 2024). Compared with haemorrhagic stroke, IS 
accounts for a much higher proportion of stroke cases 
(Lei et al., 2025). More importantly, patients with IS have 
a significantly higher risk of developing cognitive impair-
ment compared to those with haemorrhagic stroke (Leow 
et al., 2023; Vidyanti et al., 2023). Post-stroke cognitive 
impairment (PSCI) is a common complication, mainly 
manifested as impairments in attention, memory, learning 
and executive functions (Shi et al., 2024). PSCI not only 
severely undermines the quality of life of patients but 
also imposes a huge economic burden on families and 
the healthcare system. Therefore, a comprehensive analy
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Abstract. Post-stroke cognitive impairment (PSCI) is 
a common sequela that occurs after ischaemic stroke 
(IS). This study aimed to investigate whether miR-409-3p 
is related to PSCI. Patients with IS were divided into 
two subgroups: PSCI and post-stroke cognitive nor-
mality (PSCN). The plasma level of miR-409-3p was 
determined by RT-qPCR. The association between 
PSCI and miR-409-3p was evaluated through binary 
logistic regression and by analysing the correlation 
between miR-409-3p and the MoCA score. In mice with 
middle cerebral artery occlusion (MCAO), the effects 
of miR-409-3p on cognitive function were explored 
through mNSS score and Morris water maze. In OGD/
R-induced SH-SY5Y cells, the effects of miR-409-3p 
on cell viability, apoptosis and neuronal inflammation 
were evaluated using CCK-8, flow cytometry and 
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sis of the influencing factors and pathogenesis of PSCI 
is of great significance for the development of therapeu-
tic and preventive targets.

MicroRNA (miRNA) is a type of non-coding RNA 
molecule whose main function is to regulate gene expres-
sion (Melas et al., 2025). Accumulated evidence indicates 
that miRNAs play a regulatory role in various diseases 
(Tian et al., 2021; Lin et al., 2025; Xu et al., 2025). For 
instance, miR-210 is abnormally expressed during cer-
ebral ischaemia and participates in the process of cerebral 
ischaemia by regulating target genes (He et al., 2020). 
Based on the results of transcriptomic analysis, multiple 
differentially expressed miRNAs were found in the brain 
infarction area caused by local cerebral ischaemia (Song 
et al., 2020). MiR-409-3p is a miRNA that plays a regu-
latory role in various diseases, such as non-small cell lung 
cancer, cardiac disorders, etc. (Xu et al., 2021; Sun et al., 
2023). Studies have shown that miR-409-3p is closely 
associated with the volume of cerebral infarction (Yang 
et al., 2024). Furthermore, in post-stroke depression, 
miR-409-3p promotes progression of the disease by bind-
ing to the brain-derived neurotrophic factor (BDNF) gene 
and exerting an inhibitory effect on BDNF (Qian et al., 
2024). However, whether the generation of PSCI is re-
lated to abnormal expression of miR-409-3p still requires 
further investigation.

Based on the aforementioned research background, 
this study hypothesizes that the occurrence of PSCI may 
be related to the abnormal expression of miR-409-3p. By 
collecting clinical data and establishing animal models 
and cell models, this study preliminarily analysed the 
correlation between miR-409-3p and PSCI, as well as the 
possible role that miR-409-3p may play in PSCI.

Material and Methods

Participants

This study recruited 85 patients with acute IS and 85 
healthy controls from The Second Affiliated Hospital of 
Hainan Medical University from June 2023 to July 2024. 

All stroke patients were diagnosed through cranial CT/
MRI and classified into the PSCI group (Montreal 
Cognitive Assessment (MoCA) scores < 26) and the post-
stroke cognitive normal (PSCN) group (MoCA scores 
≥ 26). Patients with cognitive impairment, hypothyroid-
ism or a history of thrombolytic therapy, as well as those 
with severe sensory or communication disorders, were 
excluded from this study. The control group had normal 
cognition (MoCA scores ≥ 26) and no history of cerebro-
vascular diseases or stroke. This research was approved 
by The Second Affiliated Hospital of Hainan Medical 
University and conducted in strict accordance with the 
Helsinki Declaration. Informed consent forms were ob-
tained from the relevant participants.

Collection of clinical characteristics 
This study recorded the baseline clinical characteris-

tics, including gender, age and body mass index (BMI). 

Furthermore, it also recorded the smoking and drinking 
habits of the research subjects, as well as the incidence 
of complications, including hypertension, diabetes, coro-
nary heart disease and hyperlipidaemia. Finally, MoCA 
scores were obtained for all participants. The plasma sam-
ples of the subjects were stored in a –80 ℃ refrigerator.

MoCA score
The MoCA scale covers seven cognitive domains (vi-

suospatial/executive, naming, attention, language, ab-
straction, recall, orientation), with a maximum score of 
30 points. When the score is less than 26 points, it is con-
sidered that there is a cognitive impairment. Before the 
assessment, all the assessors received standardized train-
ing to ensure the consistency of the assessment process.

Animals
Four-week-old male C57BL/6J mice were purchased 

from the Vital River Laboratories (Beijing, China). The 
indoor temperature and humidity were constant. Ambient 
conditions were maintained at 20 °C–26 °C with 40–70 % 
relative humidity. Light cycle: 12 hours of light / 12 hours 
of darkness. 

MCAO model
The MCAO model was established according to previ-

ous reports (Yang et al., 2022). First, tribromoethanol 
(0.2 ml/10 g) (MeilunBio, Dalian, China) was injected 
intraperitoneally to anesthetize the mice. After anaesthe-
sia, the internal carotid artery (ICA), external carotid 
artery (ECA) and common carotid artery (CCA) were 
separated. After blocking the blood flow of the CCA and 
ICA, a filament was inserted into the ECA. Then, the 
filament was gently pushed into the ICA to completely 
block the blood flow. After 1 hour, the filament was re-
moved to restore the blood supply. To inhibit miR-409-3p 
in MCAO mice, miR-409-3p antagomir (RiboBio, 
Guangzhou, China) or negative control (NC antagomir) 
was administered via intracerebroventricular injection.

Morris water maze experiment
The experimental apparatus contained a circular pool 

brimming with opacified water. The device was equipped 
with a concealed escape platform, which was located 
1 centimetre beneath the water surface. Mice were ran-
domly assigned to one of four entrance points. The ex-
periment was conducted three times every day, with an 
interval of 20 minutes between each session. In each 
trial, the mice had 60 seconds to search for the platform. 
Those animals that failed to find the platform within one 
minute were guided onto it. After the training, the mem-
ory was tested by removing the platform. During this 
process, the time that the animals spent in the target 
quadrant and the number of times they crossed the plat-
form were recorded.

Evaluation of neurological deficits
The neurological dysfunction of mice was evaluated 

using the Modified Neurological Severity Score (mNSS). 
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Animal grouping and behavioural testing were performed 
in a blinded manner. This assessment was conducted 
before the surgery, and was also carried out on the 1st, 3rd 
and 7th days after the surgery. At each time point, profes-
sionals assessed the locomotor function, sensory function 
and balance function of the mice. In this scoring system, 
the higher the score, the more severe the nerve damage is.

Oxygen and glucose deprivation/reperfusion 
(OGD/R)

The SH-SY5Y cell line was purchased from the 
Chinese Academy of Sciences (Shanghai, China) and was 
cultured in DMEM/F12 complete medium containing 
10 % FBS and 1 % antibiotics (Procell, Wuhan, China). 
To establish the OGD/R-induced cell model, SH-SY5Y 
cells were first cultured in DMEM medium without glu-
cose for 4 hours. During this period, the cells were cul-
tivated under conditions containing 95 % N2 and 5 % 
CO2. After that, the cells were further cultured in the 
complete medium for 24 hours.

Cell transfection
When the SH-SY5Y cells were in the logarithmic 

growth phase, they were inoculated into the culture plates. 
When the cell density reached approximately 60 %, a 
mixture containing liposome transfection reagent 2000 
(ThermoFisher Scientific, Waltham, MA) and miRNA 
inhibitor (RiboBio, Guangzhou, China) (50 nM) was 
added to the cells. After 48 hours, the cells were col-
lected for subsequent experiments.

CCK-8 assay
After the SH-SY5Y cells were transfected and sub-

jected to OGD/R, they were re-plated in 96-well plates 
and cultured for 96 hours. Subsequently, 10 μl of CCK-8 
solution (Beyotime, Shanghai, China) was added to each 
well and the plate was further incubated at 37 °C for 
2 hours. Subsequently, the absorbance of the samples at 
450 nm was measured using a microplate reader (Bio-
Rad, Hercules, CA).

Flow cytometry
The cells were collected, washed and re-suspended in 

1×Annexin V Binding Buffer (Beyotime). Then, Annexin 
V-FITC reagent and PI reagent (Beyotime) were added 
to the cell suspension. After mixing, the wells were in-
cubated at room temperature in the dark for 20 minutes. 
Then, the detection was conducted immediately using a 
CytoFLEX flow cytometer (Beckman Coulter, Brea, CA).

RT-qPCR
By using the TRIZOL reagent (Invitrogen, Waltham, 

MA), we first extracted RNA from the plasma, cells and 
hippocampal tissues. Subsequently, these RNA samples 
were reverse-transcribed into cDNA using the miRcute 
Plus miRNA First-Strand cDNA Kit (TIANGEN, Beijing, 
China). These cDNA samples were temporarily stored at 
–20 °C. To determine the content of miRNA in these 

samples, we prepared PCR reaction solutions containing 
cDNA, primers and fluorescent dyes according to the 
instructions of the miRcute Plus miRNA qPCR Kit 
(TIANGEN). The reaction procedure was as follows: 
95 ℃, 15 minutes (one cycle); 94 ℃ for 20 seconds, 
followed by 60 ℃ for 30 seconds (45 cycles). The relative 
level of miRNA was calculated using the 2-△△CT method. 
U6 was used for internal normalization. The primer se-
quences used in this study are listed in Supplementary 
Material 1.

Enzyme-linked immunosorbent assay (ELISA)
Hippocampus tissues were homogenized in lysis buf-

fer (Beyotime). After centrifugation (16,100 × g, 15 min, 
4 °C), we collected the lysates. Protein concentrations 
were quantified using a BCA kit (Beyotime). To analyse 
the cytokine levels of TNF-α and IL-1β in the lysate, we 
used the ELISA kit (Beyotime). 

Statistical analysis
Data were analysed using the GraphPad Prism 

Software. Normally distributed data are presented as 
mean ± SD. For the analysis, we used t-test or one-way 
ANOVA followed by Tukey’s test. Correlations were 
analysed using the Pearson coefficient analysis.

Results

When IS occurs, the level of plasma miR-409-3p 
increases

The level of miR-409-3p in the plasma of patients with 
IS was higher than that of the control group (P < 0.001, 
Fig. 1A). The receiver operating characteristic (ROC) 
curve shows that miR-409-3p can effectively distinguish 
patients with IS from healthy individuals (area under the 
curve (AUC): 0.86, sensitivity: 82.35 %, specificity: 
76.47 %, 95% CI: 0.8069–0.9149, Fig.1B), suggesting 
that there might be a certain correlation between IS and 
the expression level of miR-409-3p.

The correlation between miR-409-3p and the 
risk of PSCI

Patients with IS were stratified into two subgroups: the 
PSCI group and the PSCN group. Compared to the PSCN 
group, the PSCI group demonstrated a significantly high-
er prevalence of hypertension and markedly lower MoCA 
scores (P < 0.001, Table 1). The RT-qPCR analysis re-
vealed that the expression level of miR-409-3p in patients 
with PSCI was significantly increased (P < 0.001, Fig. 
1C). Pearson correlation analysis revealed a significant 
negative association between miR-409-3p levels and 
MoCA scores in PSCI patients (r = –0.51, P < 0.01, Fig. 
1D). The binary logistic regression analysis indicated that 
the elevated level of miR-409-3p was a risk factor close-
ly associated with PSCI (P < 0.05, Table 2). 
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Fig. 1. When ischaemic stroke (IS) and post-stroke cognitive impairment (PSCI) occurred, the expression level of plasma 
miR-409-3p was investigated. (A) Plasma samples from healthy individuals (N = 85) and patients with IS (N = 85) were col-
lected, and then miR-409-3p was determined through RT-qPCR. (B) The correlation between the level of plasma miR-409-3p 
and the onset of IS was explored using the ROC curve. (C) According to whether cognitive impairment occurred, the IS 
patients were divided into two subgroups, namely PSCN (post-stroke cognitive normality; N = 46) and PSCI (N = 39). 
Then, the levels of miR-409-3p were compared. (D) The correlation between the MoCA score and the plasma miR-409-3p 
level in patients with PSCI was evaluated through Pearson correlation analysis. All assessments were performed by an 
investigator blinded to the treatment groups. ***P < 0.001.

Table 1. The demographic and clinical characteristics of patients with PSCN and PSCI

Characteristics PSCN (N = 46) PSCI (N = 39) P value
Sex (female, N/%) 12 (26.09 %) 13 (33.33 %) 0.484
Age (years, mean ± SD) 57.37 ± 8.20 58.95 ± 9.20 0.405
BMI (kg/m2, mean ± SD) 24.19 ± 2.39 23.67 ± 3.07 0.386
Habits (N/%)
 Smoking 14 (30.43 %) 17 (43.59 %) 0.260
 Drinking 12 (26.09 %) 9 (23.08 %) 0.805
Comorbidity (N/%)
 Hypertension 19 (41.30 %) 26 (66.67 %) 0.029*

 Diabetes mellitus 13 (28.26 %) 11 (28.21 %) 1.000
 Coronary heart disease 5 (10.87 %) 4 (10.26 %) 0.605
 Hyperlipidaemia 7 (15.22 %) 5 (12.82 %) 1.000
MoCA score (mean ± SD) 27.22 ± 0.96 17.69 ± 4.34 < 0.001*

Abbreviations: PSCN – post-stroke cognitive normal, PSCI – post-stroke cognitive impairment, BMI – body mass index, MoCA score – 
Montreal Cognitive Assessment score.
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MiR-409-3p was significantly up-regulated in 
the MCAO mice

Compared with the sham mice, the mNSS score of the 
MCAO mice was significantly higher (P < 0.001, Fig. 2A), 

indicating that the MCAO surgery caused obvious neu-
rological damage and functional impairment. More in-
terestingly, MCAO mice exhibited higher levels of miR-
409-3p (P < 0.001, Fig. 2B). In the subsequent study, we 
significantly inhibited the expression of miR-409-3p by 

Table 2. Risk factors influencing the occurrence of PSCI

Parameters
Univariate logistic regression Multivariate logistic regression

OR 95% CI P OR 95% CI P
Sex 1.417 0.556–3.613 0.466
Age 1.637 0.691–3.881 0.263
BMI 0.659 0.280–1.555 0.341
Smoking 1.766 0.724–4.308 0.211
Drinking 0.850 0.315–2.297 0.749
Hypertension 2.842 1.170–6.904 0.021 2.564 1.021–6.438 0.045
Diabetes mellitus 0.997 0.387–2.573 0.995
miR-409-3p 3.348 1.372–8.172 0.008 3.071 1.230–7.669 0.016

Abbreviation: BMI – body mass index

Fig. 2. The content of miR-409-3p increased in the hippocampal tissue of mice with middle cerebral artery occlusion 
(MCAO). (A–B) First, the neurological deficit was evaluated by the mNSS score (N = 10). Subsequently, the expression 
level of miR-409-3p in the hippocampal tissue was detected by RT-qPCR (N = 10). (C–D) First, the inhibitory efficiency 
of antagomir on miR-409-3p was verified by RT-qPCR (N = 10). Subsequently, the effects of inhibiting miR-409-3p on 
the mNSS score was evaluated (N = 10). All assessments were performed by an investigator blinded to the treatment 
groups. *P < 0.05, **P < 0.01, ***P < 0.001 vs Sham group. #P < 0.05, ##P < 0.01, ###P < 0.001 vs MCAO+NC antagomir group.
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intraventricular administration of antagomir (P < 0.001, 
Fig. 2C). Inhibition of miR-409-3p could significantly 
reduce the mNSS score of MCAO mice (P < 0.05, Fig. 2D).

Down-regulation of miR-409-3p improved the 
cognitive function of MCAO mice and inhibited 
inflammation in the hippocampus

Through the water maze experiment, we evaluated the 
cognitive function of mice. Compared with the sham 
group, the escape latency of the MCAO group was longer, 
their frequency of crossing the platform was lower, and 
the time they stayed in the target quadrant was shorter 
(P < 0.001, Fig. 3A–3C). This indicates that cerebral 
ischaemia-reperfusion causes cognitive impairment in 
mice. However, when the level of miR-409-3p was de-

creased, the above symptoms were alleviated (P < 0.05, 
Fig. 3A–3C).

After cerebral ischaemia-reperfusion, the mRNA lev-
els of inflammatory factors in the hippocampal tissue of 
MCAO mice increased (P < 0.001, Fig. 3D–3E). However, 
reduction of miR-409-3p significantly inhibited the tran-
scription of pro-inflammatory factors (P < 0.01, Fig. 
3D–3E).

Inhibition of miR-409-3p reduces neuronal 
damage induced by OGD/R in vitro

MiR-409-3p was also abnormally increased in neurons 
induced by OGD/R (P < 0.001, Fig. 4A). This study used 
miRNA inhibitors to suppress the expression of miR-409-
3p in the neurons (P < 0.001, Fig. 4B). The study found 

Fig. 3. In middle cerebral artery occlusion (MCAO) mice, inhibition of miR-409-3p can alleviate the cognitive decline 
and neuroinflammation caused by ischaemia. (A–C) After the Morris water maze experiment, the learning and memory 
abilities of the mice were evaluated by measuring escape latency, the number of crossing the platform, and the time spent 
in the target quadrant. (D–E) The expression of inflammatory factors in the hippocampal tissue was determined by RT-
qPCR. All assessments were performed by an investigator blinded to the treatment groups. *P < 0.05, **P < 0.01, ***P < 
0.001 vs Sham group. #P < 0.05, ##P < 0.01, ###P < 0.001 vs MCAO+NC antagomir group. N = 10.
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that after induction by OGD/R, the cell viability of neu-
rons decreased and the apoptosis rate increased (P < 
0.001, Fig. 4C–4D). After down-regulating miR-409-3p, 
cell viability increased and the apoptosis rate decreased 
(P < 0.05, Fig. 4C–4D). Meanwhile, inhibition of miR-
409-3p suppressed Bax and increased the expression 
level of Bcl-2 (P < 0.01. Fig. 4E–4F).

We also investigated the effects of OGD/R on neuro-
inflammation. Inhibition of miR-409-3p could signifi-
cantly suppress the surge of inflammatory factors (P < 
0.05, Fig. 5A–5D), indicating that miR-409-3p inhibition 
not only protects neurons from apoptosis caused by 
OGD/R but also suppresses neuroinflammation.

Discussion

Ischaemic stroke represents a severe cerebrovascular 
disorder that frequently leads to cognitive impairment 
(Liu et al., 2024). Evidence shows that miRNAs play a 
pivotal regulatory role in cardiovascular diseases, kidney 
diseases, and the development of lungs (Boateng and 
Krauss-Etschmann, 2020; Franczyk et al., 2021; Lee, 2024; 
Lozano-Velasco et al., 2024). Furthermore, miRNAs 
exhibit extremely high stability in biological fluids such 
as the plasma, serum and urine. This characteristic makes 
them highly suitable for non-invasive liquid biopsy 
(Alkhazaali-Ali et al., 2024). Additionally, compared to 
traditional tumour markers, miRNA still demonstrates 
higher sensitivity and specificity (Swellam et al., 2019). 

Fig. 4. In oxygen-glucose deprivation/reperfusion (OGD/R)-induced SH-SY5Y cells, inhibition of miR-409-3p signifi-
cantly reduced the apoptosis rate. (A–B) The expression level of miR-409-3p in neuronal cells (SH-SY5Y). (C) The 
CCK-8 method was used to detect the viability of the cells. (D) Flow cytometry was used to detect the apoptosis rate of 
the cells. (E–F) The relative content of apoptosis-related factors at the mRNA level was determined by RT-qPCR. *P < 
0.05, **P < 0.01, ***P < 0.001 vs control group. #P < 0.05, ##P < 0.01, ###P < 0.001 vs OGD/R + inhibitors-ctrl group. N = 5.
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Given these advantages, miRNAs have also been widely 
applied in the early diagnosis and prognosis assessment. 
In the fields of ischaemic stroke and PSCI, miRNAs have 
also been proven to affect multiple mechanisms. For 
instance, miR-135a-5p can ameliorate the cognitive im-
pairment symptoms in the rat model of MCAO (Luo et 
al., 2024); it exhibits neuroprotective effects by mitigat-
ing neuronal damage and neuroinflammation (Huang et 
al., 2020).

This study analysed the association between the level 
of miR-409-3p and PSCI by collecting plasma samples. 
Compared with ischaemic stroke patients without PSCI, 
the content of miR-409-3p in PSCI patients was signifi-
cantly higher. The ROC curve showed that miR-409-3p 
performs well in differentiating patients with IS from 
healthy individuals. In clinical research, the ROC curve 
is a commonly used method for evaluating the diagnostic 
value of a certain molecule or the predictive performance 
of a model (Obuchowski and Bullen, 2018). However, it 

still has certain limitations in practical applications. For 
instance, it may overestimate the performance of the 
model when there is an imbalance in the sample, and it 
may affect the accuracy of the model when the sample 
size is too small. As this study was a cross-sectional study 
with a small sample size, it only explored the association 
between miR-409-3p and IS based on the results of the 
ROC curve. To further investigate the strength of the 
correlation, this study also conducted a multivariate lo-
gistic regression analysis. The results indicate that miR-
409-3p has a clear association with the high-risk PSCI. 
However, it should be noted that some confounding fac-
tors that were not included in the logistic regression 
analysis (such as history of COVID-19 infection) may 
have had an impact on the experimental results. For in-
stance, research has confirmed that contracting COVID-19 
can lead to autonomic nerve dysfunction and a decline 
in cognitive abilities (Ceban et al., 2022). Based on the 
above data, this study initially identified miR-409-3p as 

Fig. 5. Inhibition of miR-409-3p can alleviate the neuroinflammation induced by oxygen-glucose deprivation/reperfusion 
(OGD/R). (A–B) The mRNA levels of pro-inflammatory factors in SH-SY5Y cells were determined by RT-qPCR. C–D. 
The protein levels of pro-inflammatory factors were determined through ELISA experiments. *P < 0.05, **P < 0.01, ***P < 
0.001 vs control group. #P < 0.05, ##P< 0.01, ###P < 0.001 vs OGD/R + inhibitors-ctrl group. N = 5.
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a risk factor associated with PSCI. However, in order to 
further clarify the predictive value of miR-409-3p for 
PSCI, it is still necessary to increase the sample size, 
conduct multi-centre validation and minimize the influ-
ence of confounding factors on the experimental results. 
There is evidence suggesting that miR-409-3p inhibition 
can alleviate depressive symptoms following IS, indicat-
ing that there is a potential association between miR-409-
3p and the sequelae caused by stroke (Zhang et al., 2023). 
Therefore, this study then investigated the effect of miR-
409-3p regulation on the cognitive function of MCAO 
mice. The results showed that miR-409-3p inhibition 
could significantly reduce the mNSS score and alleviate 
the decline in spatial and memory abilities. Therefore, 
this study proposes the hypothesis that miR-409-3p may 
have a positive regulatory effect on PSCI. Research has 
confirmed that neuronal damage is the core mechanism 
leading to cognitive impairment after a stroke. Cerebral 
infarction directly causes neuronal necrosis, especially 
in regions closely related to memory, executive functions 
and language, such as the hippocampus, frontal lobe and 
temporal lobe (Tynterova et al., 2022). Once these areas 
are damaged, it will lead to severe decline in cognitive 
abilities. Subsequently, in this study, nerve cells were 
cultured in an environment without glucose and with low 
oxygen to simulate the damage to nerve cells caused by 
ischaemia. The results showed that inhibition of miR-
409-3p significantly alleviated apoptosis and inflamma-
tion caused by OGD/R. Therefore, it can be concluded 
that in an environment deprived of oxygen and glucose, 
miR-409-3p may be a factor contributing to neuronal 
damage.

Furthermore, previous studies have confirmed that 
miRNAs mainly regulate mRNAs at the post-transcrip-
tional level, ultimately influencing the biological behav-
iour of cells (Jungers and Djuranovic, 2022). Published 
studies have identified that miR-409-3p targets several 
mRNA molecules, such as Nr4a2 and Bcl-2 (Hu et al., 
2021; Ma et al., 2024). Existing studies have shown that 
Nr4a2 and Bcl-2 have a very close relationship with 
cerebrovascular diseases. The mechanism involves the 
activation of microglia and the death of neurons (Graham 
et al., 2000). Therefore, it is still necessary to further 
explore the downstream mechanism by which miR-409-
3p is involved in post-stroke cognitive impairment.

This study, using MCAO mice and neurons induced 
by OGD/R, preliminarily explored the mechanism of 
action of miR-409-3p in PSCI. However, given the com-
plexity of PSCI, these two models still have certain 
limitations. MCAO mice are commonly used experimen-
tal tools for studying PSCI. However, human PSCI is 
highly heterogeneous and often accompanied by complex 
pathological features such as multiple micro-infarctions, 
chronic hypoperfusion, or vascular dementia. This mod-
el is difficult to fully and accurately reflect these complex 
situations. Furthermore, the Morris water maze mainly 
reflects spatial memory and learning ability, and it is dif-
ficult to comprehensively evaluate cognitive functions in 
the areas such as executive function, attention and lan-

guage. On the other hand, the OGD/R model is unable to 
simulate the complex neural networks within the human 
body. For instance, it does not incorporate components 
such as glial cells, microglia, endothelial cells and the 
blood-brain barrier, which makes it difficult to accu-
rately reflect the pathological features of PSCI.

In summary, this study initially confirmed that miR-409-3p 
is a factor closely related to PSCI. During the process of 
neurological dysfunction caused by middle cerebral artery 
occlusion and neuronal damage caused by oxygen and 
glucose deprivation, inhibition of miR-409-3p can par-
tially alleviate neurological dysfunction, neuronal apop-
tosis and inflammation.

Limitations
This study, by integrating clinical data, animal models 

and information on nerve cells, has preliminarily indi-
cated that PSCI may be related to miR-409-3p. However, 
it is necessary to clearly point out the following limita-
tions: firstly, the retrospective analysis of clinical data 
may be affected by confounding variables; secondly, the 
extrapolation of conclusions derived from animal models 
may be limited by species differences; finally, PSCI is 
caused by multiple factors rather than being solely at-
tributed to neuronal damage. More importantly, the cor-
relations between clinical data (such as MoCA scores), 
animal levels (such as Morris water maze), and cellular 
levels are still at the descriptive stage and have not yet 
established a quantifiable causal mapping chain. 
Therefore, although this study has revealed the correlation 
between miR-409-3p and post-stroke cognitive dysfunc-
tion, it has not completely solved the problem of multi-
scale integration.
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