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Background: In the present study, we aimed to identify microRNAs (miRNAs) that affected 
the prognosis of stroke and assess their biological effects.
Materials and Methods: A high-throughput sequencing (HTS) analysis was performed to 
screen distinctive miRNAs in serum exosomes of stroke patients, and these miRNAs were 
subsequently validated using individual quantitative real-time polymerase chain reaction 
(qRT-PCR) in a cohort consisting of 39 stroke patients and 20 normal controls. Briefly, 
miR-328-3p agomir or agomir NC was injected into rats before ischemia and reperfusion (I/ 
R) injury. Zea-Longa score, neurological severity score (mNSS), triphenyltetrazolium chlor-
ide (TTC) staining, terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) 
assay, transmission electron microscopy, and hematoxylin and eosin (H&E) staining were 
used to examine the brain injury. Immunohistochemistry was utilized to determine the 
expressions of TNF-α and IL-6.
Results: The expression of serum exosomal miR-328-3p was significantly reduced in 
patients with an infarct volume ≥10 cm3 (P=0.01). Serum exosomal miR-328-3p was 
associated with the short-term prognosis (P=0.02), and the level of miR-328-3p was an 
independent relative factor for short-term prognosis (OR 5.276, P=0.02). The sensitivity of 
miR-328-3p level higher than 1.24 to predict the severity of the patient’s 1-week prognosis 
was 70%, and the specificity was 83% (AUC=0.74, P=0.02). The mNSS was higher in the 
miR-328-3p agomir group compared with the agomir NC group (P=0.03). Neutrophil 
infiltration was more serious in the miR-328-3p agomir group.
Conclusion: Our study indicated that miR-328-3p played a critical predictive role in the 
short-term prognosis of stroke, and up-regulation of miR-328-3p aggravated cerebral I/R 
injury.
Keywords: ischemic stroke, miR-328-3p, prognosis, cerebral ischemia-reperfusion

Introduction
Stroke is a major cause of global disease burden with limited therapies. The in- 
hospital stroke mortality is estimated to be around 5%, 26–43% of strokes are 
progressive, and their recurrence rate is about 30%.1 Ischemic stroke leads to the 
necrosis of cerebral ischemic hypoxic lesions, which in turn produces clinically 
corresponding neurological deficits.2 A primary goal in the treatment of acute 
ischemic stroke is revascularization, and 80% of the patients may still progress to 
reperfusion injury.3 Ischemia and reperfusion are similarly taken into account as 
a pathological conditions contributing to ischemic stroke.4 Therefore, it is urgently 
necessary to develop novel diagnostic and therapeutic targets to reduce the high 
mortality and improve the prognosis of stroke patients.
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MicroRNAs (miRNAs), usually 18–25 nucleotides in 
length, are a super-family of small non-coding RNAs 
derived from the genome. The abnormal expression of 
miRNAs is closely related to the occurrence and develop-
ment of various diseases, such as cerebrovascular disease.5 

Circulatory miRNAs are also peripheral biomarkers of 
diseases such as cancer, stroke, and type 2 diabetes melli-
tus (T2DM).6–8 Serum circulating miRNA-221-3p and 
miRNA-382-5p may be used as potential noninvasive bio-
markers for the diagnosis of ischemic stroke.9 miR-34b 
can protect against focal cerebral ischemia-reperfusion (I/ 
R) injury.10 There are abundant and stable miRNAs in 
blood exosomes.11 Due to the protection of exosomes, 
miRNAs can be protected from enzymatic degradation, 
transported in body fluids at long distances, and stably 
detected, and their expression profiles have obvious 
specificity.12,13 High-throughput sequencing (HTS) analy-
sis can screen the related miRNAs in serum exosomes of 
stroke patients.

We have previously investigated serum markers of 
cerebrovascular disease and their influencing factors.14,15 

In the present study, we aimed to identify miRNAs that 
affected the prognosis of stroke and found miR-328 as 
a potential candidate. It has been reported that miR-328 
is up-regulated in traumatic brain injury.16 Therefore, we 
assessed the biological effects of miR-328 on cerebral I/R 
injury to provide potential biomarkers for stroke therapy.

Materials and Methods
Clinical Specimens
A total of 42 stroke patients and 23 normal controls were 
enrolled from the Second Hospital, Cheeloo College of 
Medicine, Shandong University between March 2017 and 
July 2018. The medical history, imaging examinations, and 
other information of patients were collected. The inclusion 
criteria were set as follows: 1) stroke patients who met the 
diagnostic criteria of cerebrovascular disease formulated 
by the Fourth National Conference of Cerebrovascular 
Diseases in 1995, and the diagnosis was confirmed by 
cranial CT or MRI; 2) admitted for the first time, and the 
onset time was less than 8 h; 3) routine laboratory exam-
ination was improved after admission; and 4) patients who 
did not take antiplatelet drugs and lipid-lowering drugs 1 
month before admission. The exclusion criteria were set as 
follows: patients with severe heart, lung, liver, kidney 
dysfunction, malignant tumors, and a platelet count 
<100×109/L or other diseases of the blood system. 

National Institute of Health stroke scale (NIHSS) score 
was assessed in 24 h and 7 days after the onset of stroke to 
evaluate the short-term prognosis of stroke. Stroke pro-
gression was defined as any new neurological symptoms/ 
signs or any neurological worsening within 7 days after 
the stroke onset. The prognosis of patients was also exam-
ined at 1-, 3-, 6-, and 12-month follow-up after the onset 
of stroke. Recurrence and stroke-related death were 
regarded as poor long-term prognoses. Blood samples of 
normal controls and patients were obtained from the 
Department of Clinical Laboratory within 4 h after collec-
tion. The serum was centrifuged at 12,000 rpm for 10 min 
at 4°C to remove the remaining blood cell debris in the 
supernatant and stored at −80°C until use. RiboTM 

Exosome Isolation Reagent was used to separate the exo-
somes in serum, and Particle Metrix’ ZetaView was used 
to detect extracellular vesicles. The exosomal miRNAs 
were extracted using QIAGEN miRNeasy Micro Kit. 
Three normal controls and three stroke patients were 
selected to analyze and screen differential miRNAs using 
HTS. Stroke patients’ samples were collected on the 
2nd day (acute phase, peak inflammatory response period) 
and the 10th day (recovery phase). HiSeq/MiSeq HTS was 
completed by Beijing Nuohe Zhiyuan Biotechnology Co., 
Ltd. This study was approved by the Human Research 
Ethics Committees from the Second Hospital of 
Shandong University (No. KYLL-2017(GJ)P-0015).

Quantitative Real-Time Polymerase Chain 
Reaction
Exosome extraction from serum samples using 
ExoQuickTM Solution (EXOQ5A-1; SBI System 
Biosciences, USA) and RNA isolation using miRNeasy 
Mini Kit (QIAGEN, #217004) were performed as pre-
viously described.17 Purified RNA was reversely tran-
scribed into cDNA using miScript Reverse Transcription 
Kit (Life Technologies). qRT-PCR was conducted using 
miScript SYBR Green PCR Kit (Qiagen, Valencia, CA, 
USA) according to the manufacturer’s instructions with 
three replicates. U6 was utilized as an endogenous control 
for miRNAs. The relative expression of the target miRNA 
was calculated utilizing the 2−ΔΔCT method. miR-328-3p 
forward primer: 5'-TTCGCTTATCTGGCCCTCTCT-3'. 
reverse primer: 5'-TATGGTTGTTCACGACTGCTTCAC- 
3'. U6 forward primer: 
5ʹ-GCTTCGGCAGCACATATACTAAAAT-3ʹ. U6 reverse 
primer: 5ʹ- CGCTTCACGAATTTGCGTGTCAT −3ʹ.
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Rat Models of Middle Cerebral Artery 
Occlusion (MCAO) and Reperfusion
Adult male Sprague-Dawley (SD) rats (2 months old) were 
housed under a 12-h light/dark cycle with free access to 
water and food. After a 72-h acclimatization period, they 
were anesthetized with 10% chloral hydrate (0.4 mL/100 
g) through intraperitoneal injection. For intracerebroven-
tricular (ICV) surgery, the head of the rat was fixed on the 
brain stereotaxic device. An intracranial injection was 
performed after positioning using stereotactic co- 
ordinates (0.8 mm posterior to the bregma, 1.6 mm lateral 
to the midline, and 3.5 mm below the outer surface of the 
skull). Each rat was injected with 10 µL of miR-328-3p 
agomir or agomir NC (50 OD mimics were all dissolved in 
DEPC water and provided for six rats). The rat was single- 
housed after the operation. After 30 min, the MCAO and 
reperfusion experiments were performed on the same side. 
The rats that died within 24 h after the operation were 
excluded. At last, there were 6 rats in each group. This 
study was approved by the Animal Research Ethics 
Committees from the Second Hospital of Shandong 
University (No. KYLL-2017(GJ)A-0042) and followed 
Guidelines for the ethical review of laboratory animal 
welfare People’s Republic of China National Standard 
GB/T 35892–2018.

Examination of Neurological Functions
A Zea-Longa score was used to determine the brain damage 
in rats after the establishment of the MCAO model. The 
modified neurological severity score (mNSS) was also 
employed to examine neurological functions. mNSS was 
applied to evaluate a combination of motor, sensory, and 
balance functions. Neurological function was graded on 
a scale of 0–18 (1–6 is mild, 7–12 is moderate; and 13–18 
is severe). All evaluations were performed by three profes-
sionals who were blinded to the experimental design.

Transmission Electron Microscopy (TEM)
The rats were anesthetized with chloral hydrate (0.4 mL/ 
100 g), followed by fixation by perfusion with 4% paraf-
ormaldehyde. The brains were dissected and fixed in the 
same solution for 24 h. The ultrastructural changes in the 
brain were determined using TEM by Wuhan Servicebio 
Technology CO., Ltd. with an HT7700 (Hitachi, Japan) 
transmission electron microscope.

Triphenyltetrazolium Chloride (TTC) 
Staining
TTC staining was utilized to determine the infarct volume 
of the post-ischemic brain damage. Three brains were 
isolated in each group and quickly cryopreserved at −20° 
C for 20 min. The whole-brain tissue was divided into five 
coronal sections and incubated in 1% TTC solution at 37° 
C for 30 min in the dark. Subsequently, the sections were 
immobilized with 4% paraformaldehyde for 24 h and 
photographed by microscope. Image J was used to quan-
tify the volume ratio of the ischemic area.

Terminal Deoxynucleotidyl Transferase 
dUTP Nick End Labeling (TUNEL) Assay
TUNEL assay was used to test cell apoptotic activity. Each 
slice was randomly selected to take photos with a field of 
vision of 200 times. Image-Pro Plus 6.0 software was used 
to select the same labeled green fluorescent nuclei as the 
unified standard for judging all positive cells, and DAPI 
blue nuclei were selected as total cells. Randomly, two 
photos of each sample were selected to count the propor-
tion of TUNEL-positive cells.

Immunohistochemical Assay and 
Hematoxylin and Eosin (H&E) Staining
Brain tissue was fixed with 4% paraformaldehyde, 
embedded in paraffin, and sectioned (5-μm thickness). 
H&E staining and immunohistochemical assay of 
FOXO4, tumor necrosis factor-α (TNF-α), and interleu-
kin-6 (IL-6) were performed and imaged under a light 
microscope. Image J was used to quantify the expressions 
of FOXO4, TNF-α, and IL-6.

Statistical Analysis
All statistical analyses were performed using Prism 8 and 
SPSS 26 statistical software. Non-normally distributed 
variables were expressed as the median and interquartile 
range [M (p25, p75)] with the Mann–Whitney test. 
Normally distributed variables were expressed as mean ± 
standard deviation using an unpaired two-tailed Student’s 
t-test. The factors affecting the prognosis of stroke were 
analyzed by logistic regression analysis. P ˂  0.05 was con-
sidered statistically significant.
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Results
The Level of Serum Exosomal miR-328- 
3p Predicts the Short-Term Prognosis of 
Stroke
We used an HTS approach to analyze the expressions of 
miRNAs in serum exosomes from the normal controls and 
stroke patients on the 2nd day (acute phase, peak inflam-
mation period) and the 10th day (recovery phase). The 
results showed that there were 58 differential miRNAs 
between the acute phase and recovery phase in stroke 
patients, including 30 up-regulated and 28 down- 
regulated miRNAs (Figure 1A). The differential serum 
exosomal miRNAs included miR-328-3p, miR-1301-3p, 
miR-320a, and so on. Among them, 27 miRNAs were 
also different from the normal controls, including 15 up- 
regulated and 12 down-regulated miRNAs (Figure 1B).

Next, we verified our results using 20 normal controls 
and 39 stroke patients (The basic information of patients is 
shown in Table 1), the expression of serum exosomal miR- 
328-3p was slightly lower in stroke patients, and the differ-
ence was not statistically different (P>0.05) (Figure 2A). 

Moreover, the expression of serum exosomal miR-328-3p 
was significantly decreased in stroke patients with an infarct 
volume ≥10 cm3 (P=0.01). Assessment of NIHSS score was 
performed at 24 h and 7 days after the onset of stroke. The 
prognosis of patients was followed up at the 3rd, 6th, and 
12th months after the onset of stroke. Recurrence and 
stroke-related death were regarded as poor long-term prog-
noses. Serum exosomal miR-328-3p was associated with 
the stroke progression (P=0.02), the expression of miR-328- 
3p was lower in patients with good short-term prognosis 
compared with the patients with poor short-term prognosis 
(0.73 vs 1.51, P=0.02) (Figure 2B). The sensitivity of miR- 
328-3p level higher than 1.24 to predict the severity of the 
patient’s short-term prognosis was 70%, and the specificity 
was 83% (Figure 2C, AUC=0.74, P=0.02). At the 3rd, 6th, 
and 12th months of follow-up, serum exosomal miR-328-3p 
was not associated with long-term prognosis (P=0.73, 
P=0.63, P=0.35). Further logistic regression analysis 
demonstrated that serum exosomal miR-328-3p was an 
independent relative factor for short-term prognosis (OR 
5.276, P=0.02, Table 2).

Figure 1 Screening of differential miRNAs. (A) Volcano plot based on fold changes and posterior odds of differently expressed miRNAs between acute phase and recovery 
phase of stroke patients (n=3). (B) The heatmap indicates the expressions of differential miRNAs in three groups of patients (SE: on the 2nd day of the stroke, n=3; SL: on 
the 10th day of the stroke, n=3; N: normal control, n=3).
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miR-328-3p Aggravates Cerebral I/R 
Injury
At 30 min before surgery, the rats were intracranially 
injected with miR-328-3p agomir or agomir NC. The rats 
were embolized by thread embolization and then reper-
fused after 2 h of ischemia. A postoperative Zea-Longa 

score was used to assess the functional results. The differ-
ence was not statistically significant (P>0.05) (Figure 2D). 
At 24 h after the operation, the mNSS was used to evaluate 
the function. Figure 2E shows that the mNSS in the miR- 
328-3p agomir group was higher compared with the con-
trol group (P=0.03).

Table 1 The Clinical Characteristics of Stroke Patients and Health Controls

Parameters Stroke Patients Health Controls P

Age (y), (mean± SD) 62.82±11.19 56.50±9.71 0.052

Female (%) 61.5 70 0.58

miR-328-3p levels, (M (p25, p75)) 0.73 (0.45, 1.32) 1.13 (0.64, 1.41) 0.17

NIHSS at the occurrence of ischemic stroke, (M (p25, p75)) 2 (0, 7) –

Infarct volume (mL), (M (p25, p75)) 2 (0.1, 5) –

GLU (mmol/L), (M (p25, p75)) 5.52 (4.71, 6.72) 5.32 (5.20, 5.56) 0.68

TCH (mmol/L), (M (p25, p75)) 4.36 (3.65, 4.99) 4.06 (3.46, 4.49) 0.067

HDL-C (mmol/L), (M (p25, p75)) 1.06 (0.94, 1.23) 1.36 (1.15, 1.52) 0.0023**

LDL-C (mmol/L), (M (p25, p75)) 2.91 (2.46, 3.36) 2.47 (2.15, 2.98) 0.044*

Lp (a) (mmol/L), (M (p25, p75)) 35 (18, 57) 15.5 (12.65, 30.43) 0.029*

Notes: *P ˂  0.05, **P ˂  0.01. 
Abbreviations: NIHSS, National Institutes of Health Stroke Scale; GLU, glucose; TCH, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density 
lipoprotein-cholesterol; Lp (a), lipoprotein (a).

Figure 2 miR-328-3p is lowly expressed in patients with stroke. (A) The expression of miR-328-3p in patients with different infarct volumes (0–4 cm3, n=29; 5–9 cm3, n=7; 
≥10 cm3, n=3; control, n=20). (B) The expression of miR-328-3p in patients with poor prognosis and improvement (good, n=29; poor, n=10). (C) The expression level of 
miR-328-3p was used to predict the severity of disease in stroke patients (n=39). (D) The Zea-Longa score was used to assess the functional results of the rat MCAO model 
(n=6, each group). (E) The mNSS was applied to assess the functional results of the rat MCAO model (n=6, each group).*P < 0.05.
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Figure 3A illustrates the TTC staining of brain sec-
tions, and there was no significant difference between the 
two groups (0.23 vs 0.27, P=0.61). Then we used TEM to 
further observe the brain tissues (Figure 3B) and found 
that the cell injury was more serious in the miR-328-3p 
agomir group. The pathological results showed that the 
structural integrity of the choroid plexus was destroyed, 
and the neutrophil infiltration in the miR-328-3p agomir 
group was more serious compared with the control group 
(Figure 4).

Finally, we used immunohistochemistry to assess the 
expressions of FOXO4, TNF-α, and IL-6 in tissue sec-
tions. Image J was used to quantify the expressions of 
FOXO4, TNF-α, and IL-6. Figure 4 shows that the expres-
sion of FOXO4 in the miR-328-3p agomir group was 
lower compared with the agomir NC group (P=0.03). On 
the contrary, the expressions of TNF-α and IL-6 in the 
miR-328-3p agomir group were higher compared with the 
agomir NC group, while the difference was not statistically 
significant (P=0.1, P=0.1).

There was no significant difference in the apoptotic 
rate of I/R tissue cells between the agomir NC group and 
miR-328-3p agomir group (10.68 vs 9.07, P>0.05).

Discussion
Cytotoxic edema occurs immediately in a large portion of 
the malignant stroke ischemic territory. The subsequent 
damage of the tight junctions leads to the breakdown of 
the blood-brain barrier (BBB) and vasogenic brain edema, 
resulting in space-occupying brain swelling. The progres-
sive vasogenic edema leads to midline shift and transten-
torial herniation, finally leading to brain stem compression 
and death. Early prediction of stroke and reduction of 
reperfusion injury play key roles in reducing the high 
mortality and improving the prognosis of patients with 
cerebral infarction (CI).18 Therefore, it is important to 
identify novel markers for stroke treatment. miRNAs 

exert momentous effects on posttranscriptional gene mod-
ulation by suppressing the translation of their target genes. 
Previous studies have shown that miRNAs are critical 
modulators of CI-concerned cellular biological processes, 
including proliferation, apoptosis and so on.19 Serum miR- 
124 may serve as a molecular marker for acute ischemic 
stroke.20 Through the JNK signaling pathway, miR-145 
accelerates the proliferation of endothelial progenitor 
cells in CI rats.21 It has been demonstrated that miR-24 
suppresses brain tissue cell apoptosis of rats with CI.22 

Electroacupuncture treatment can balance the level of 
miR-328 to facilitate angiogenesis of ischemic cerebral 
cortex tissue by modulating the expressions of vascular 
endothelial growth factor family genes and proteins.23 In 
our present study, we found that the expression of serum 
exosomal miR-328-3p exhibited a good correlation with 
stroke infarct volume. Moreover, we also found that serum 
exosomal miR-328-3p was associated with the short-term 
prognosis, and the expression of serum exosomal miR- 
328-3p was lower in patients with good short-term prog-
nosis compared with the patients with poor short-term 
prognosis. Therefore, the level of serum exosomal miR- 
328-3p could be used as a prognostic factor for stroke. 
However, the specific mechanism underlying the miR-328- 
3p action on stroke remains largely unexplored.

Ischemic brain injury is caused by a series of patho-
physiological events, including inflammation, oxidative 
stress, and apoptosis. Increasing evidence demonstrates 
that inflammation is a critical determinant of outcome. 
The first blood-borne cells to be recruited in the brain 
are neutrophils, followed by monocytes and lymphocytes. 
BBB disruption and migration of leukocytes can increase 
edema and hemorrhagic transformation. It has been 
reported that early BBB dysfunction predicts neurological 
outcome following aneurysmal subarachnoid 
hemorrhage.24 In our present study, the neutrophil infiltra-
tion of destroyed choroid plexus in the miR-328-3p agomir 

Table 2 Logistic Regression Analysis of Clinical Predictors in the Early-Onset PSD Patients

Variable B Value S.E. Value Wals Value P value OR CI (95%)

NHISS score −0.036 0.060 0.350 0.554 0.965 0.858–1.086

Infarct volume 0.137 0.150 0.836 0.361 1.147 0.855–1.537

Serum exosomal miR-328-3p 1.663 0.736 5.104 0.024 5.276 1.246–22.336

Constant −3.118 1.077 8.378 0.004 0.044
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group was more compared with the control group. 
Therefore, miR-328-3p might aggravate cerebral I/R 
injury and could predict the outcome of stroke. It is well 
known that exosomes bear proteins and RNAs, mediate 
intercellular communication between different cell types, 
and affect normal and pathological conditions. Therefore, 
the expression of exosomal miR-328-3p in stroke patients 
might affect the neutrophil infiltration and aggravate 
inflammatory reactions.

As key cytokines, TNF-α and IL-6 can trigger inflamma-
tion and joint damage.25,26 TNF-α plays a key role in the 
inflammatory cascade, which regulates the immune response, 
with powerful impacts on various aspects of humoral and 

cellular immunity. Targeting TNF-α has considerably 
improved the success in CI treatment.27 Serum miR-124, 
TNF-α, and IL-1β can be utilized as markers for the early 
diagnosis of vulnerable carotid plaques in patients with acute 
CI.28 IL-6, induced by TNF-α and IL-1b, can predict the 
outcome (functional outcome, mortality, and infection) of 
stroke.29 In our present study, miR-328-3p increased the 
expressions of TNF-α and IL-6 in cerebral I/R, and regulated 
neutrophil infiltration. This might be the reason that miR-328- 
3p agomir aggravated cerebral I/R injury.

As one member of the forkhead (FOX) transcription 
factor O family, FOXO4 is involved in many biological 
processes, including cell proliferation, metabolism, 

Figure 3 Influence of miR-328-3p on I/R injury in rats. (A) After reperfusion, TTC staining of representative coronal sections at 24 h was analyzed (n=3, each group). (B) 
Ultrastructural changes induced by I/R injury. In the agomir NC group, the neuron cells were round, the double-layer structure of the nuclear membrane was clear, the local 
area of the cell membrane was blurred, the intracellular organelles were slightly swollen, and the cytoplasmic electron density was high. The nucleus was oval, the nuclear 
membrane was clear, and the nuclear pores were clearly visible. Mitochondria were more evenly distributed, but slightly swollen and expanded, with a small number of ridges 
breaking and disappearing. Rough endoplasmic reticulum was mostly slightly expanded, with no obvious degranulation on the surface ribosome. The smooth endoplasmic 
reticulum was slightly expanded. The Golgi body was normal and might be functionally expanded. A small number of secondary lysosomes (SL) were present. However, in 
the miR-328-3p agomir group, the cell morphology was roughly oval, the cell membrane was partially obscured, the organelles were moderately edema, the cytoplasmic 
electron density was reduced, and the cytoplasm was slightly edema. The nucleus was oval and shrunk. The nuclear membrane was partially blurred, and the nuclear pores 
were not visible. Mitochondria were evenly distributed, and mostly moderately swollen, the matrix was slightly uneven, and the ridge was broken. The rough endoplasmic 
reticulum was slightly expanded, with no obvious degranulation on the surface ribosome. Golgi was expanded. 
Abbreviations: N, nucleus; NP, nuclear pores; M, mitochondria; SER, surface endoplasmic reticulum; Go, Golgi; RER, rough endoplasmic reticulum.
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immunity, and apoptosis.30 Studies have shown that FOXO4 
is associated with cell apoptosis in many ischemic and meta-
bolic diseases, such as diabetic retinopathy,31 diabetic 
nephropathy,32 and ischemic limbs.33 Through endothelial 
Arg1, FOXO4 accelerates early inflammatory response to 
myocardial infarction.34 However, the expression of 
FOXO4 in stroke has been rarely reported so far. Besides, 
FOXO4 is a target gene of miR-328-3p, and it is negatively 
modulated by miR-328-3p in CI cells and HBV-infected liver 
cells.35,36 In our present study, overexpressed miR-328-3p 
obviously stimulated inflammation, and the expression of 
FOXO4 in the miR-328-3p agomir group was lower com-
pared with the agomir NC group. This finding was consistent 
with previous studies, while the mechanism of miR-328-3p/ 
FOXO4 axis regulating inflammation remains unclear and 
further research is needed.

Conclusions
In conclusion, our study showed that miR-328-3p played 
a critical predictive role in the short-term prognosis of 
stroke. Moreover, miR-328-3p might aggravate the inflam-
matory response of cerebral I/R injury. Collectively, our 
current findings provided valuable insights into the treat-
ment of stroke.
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Figure 4 H&E and immunohistochemical staining of FOXO4, TNF-α, and IL-6 
(400×) in rat brain (n=3, each group). After 24 h of I/R, obvious cell edema, 
apoptosis and necrosis were seen in the infarct focus. The obvious proliferation 
of glial cells was seen around the infarct. Moreover, the choroid plexus structure 
was loose, and the intercellular space was enlarged. The choroid plexus epithelial 
cells were highly edema, the vascular endothelial cells were swollen, part of the 
vascular endothelium was broken, and the structural integrity of the choroid plexus 
was destroyed. The neutrophil infiltration in the agonist group was more serious 
compared with the control group. The expression of FOXO4 in the miR-328-3p 
agomir group was lower compared with the agomir NC group (P=0.03). On the 
contrary, the expressions of TNF-α and IL-6 in the MCAO model from the miR- 
328-3p agomir group were higher compared with the agomir NC group, while the 
difference was not statistically significant (P=0.1, P=0.1).
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