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Abstract: Objective: To explore the effect of exosomes containing miR-122-5p secreted by lipopolysaccharide (LPS)-
induced neutrophils on the apoptosis and permeability of brain microvascular endothelial cells (BMECs). Methods: 
Neutrophils in blood were isolated, purified and identified. LPS-induced neutrophils were co-cultured with BMECs. 
Untreated or LPS-induced neutrophil exosomes were isolated and identified with a transmission electron micro-
scope. miR-122-5p expressions in the exosomes were detected by real-time quantitative polymerase chain reac-
tion, and then the exosomes were co-cultured with BMECs. Bioinformatics analysis was performed to predict the 
downstream target gene of miR-122-5p, and OCLN was selected as the subject. Dual luciferase reporter assay was 
carried out to verify the interactive relationship between OCLN and miR-122-5p. LPS and miR-122-5p were used 
to treat neutrophils, and then exosomes were collected. Exosome or OCLN was embedded in BMECs. The prolifera-
tion, colony forming ability and apoptosis of BMECs were detected by cholecystokinin octopeptide, clone formation 
assay and flow cytometry, respectively. Corresponding kits were used to detect the activities of reactive oxygen spe-
cies, superoxide dismutase, malondialdehyde and catalase. Vascular endothelial growth factor and tight junction 
proteins (ZO-1 and Claudin-5) expressions were measured by Western blot for cell permeability evaluation. Results: 
miR-122-5p had an increased expression in LPS-induced neutrophil exosomes and could promote oxidative stress, 
apoptosis and permeability increase of BMECs and the inhibition of BMECs proliferation and colony formation 
(P<0.05). miR-122-5p targeted the binding with OCLN and down-regulated OCLN expression. OCLN overexpression 
partly decreased the malignant effect of miR-122-5p on BMECs (P<0.05). Conclusion: LPS can induce neutrophils 
to secrete exosomes containing miR-122-5p. The down-regulation of OLCN expression can aggravate BMECs injury.
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Introduction

Cerebrovascular disease is a global health con-
cern. Cerebrovascular disease is the second 
common cause of death and disability accord-
ing to the World Health Organization [1]. Brain 
microvascular endothelial cells (BMECs) impair-
ment is considered to be the initial event of  
vascular disease and runs throughout the pro-
cess of disease occurrence and development 
[2, 3]. BMECs injury can lead to the change in 
angiotasis and hemodynamics, the activation 
of blood platelets and coagulation system, and 

the increase of vascular permeability, thus 
inducing a series of pathophysiological chang-
es. The change in BMECs permeability is also 
an important manifestation of blood brain bar-
rier [4-6]. Therefore, BMECs are widely used in 
the study of cerebrovascular diseases.

Neutrophils play a key role in the occurrence of 
all kinds of inflammatory responses. Neutrophils 
maintain a balance level under normal status. 
When the body is infected with pathogens, lipo-
polysaccharide (LPS) in the body will be activat-
ed and directly act on neutrophils. Neutrophils 
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resist extraneous germs, but also generate 
active components that damage themselves 
[7]. LPS can act on neutrophils to increase the 
adhesive ability of neutrophils, stimulate the 
secretion of inflammatory factors, and gener-
ate anti-apoptosis effect [8]. Neutrophils also 
play an important effect in LPS-induced neuro-
inflammation [9]. In addition, the arrest of neu-
trophils has been shown to be associated with 
LPS-induced blood brain barrier [10]. In this 
study, the specific potential mechanism of LPS-
induced neutrophils participating in blood brain 
barrier was further explored on the basis of pre-
vious studies.

Exosomes are cell-derived extracellular spheri-
cal vesicles of 30-150 nm and complexes con-
taining various DNAs, RNAs and proteins [11]. 
Exosomes exist in serum, plasma and other 
biological fluids and is secreted by immune 
cells, fibroblasts and epithelial cells [12]. The 
exosome in different cells has differences in 
components, and the biological activity of exo-
some-secreted functional molecule is greater 
than that of the soluble form of exosomes. 
Exosomes are involved in signal transmission 
among cells and mainly act on inflammation, 
information transfer, tumor growth, metastasis, 
antigen presenting and angiogenesis [13]. In 
addition, exosomes have been widely investi-
gated in many diseases. For example, the 
miRNA of exosome serve as a biomarker for 
predicting chemotherapy resistance in diffuse 
large B cell lymphoma [14]. Activated exosome 
lncRNAs serve as competitive endogenous 
RNAs in renal cancer cells to promote the resis-
tance to sunitinib in renal cancer [15].

In this study, RNA sequencing expression pro-
file was used to perform differential genes 
expression analysis, and OCLN was selected as 
the subject. OCLN-coded transmembrane pro-
tein is the first confirmed tight junction protein, 
which is the main structural protein of tight 
junction, and continuously distributes in tight 
junction, with a molecular weight of 65 kD [16, 
17]. OCLN-coded transmembrane proteins play 
a key regulation role in protein tight junction 
formed cell permeability barrier and are impor-
tant components of blood brain barrier [18]. On 
the online target relation prediction website, 
miR-122-5p, the upstream target of OCLN was 
found. Significant miR-122-5p overexpression 
exists in exosomes from 14 cell lines [19], and 

significant up-regulation of miR-122-5p is 
observed after cerebral ischemia [20]. However, 
it needs to further explore miR-122-5p’s mech-
anism in cerebrovascular diseases.

In this study, the effect of exosomes containing 
miR-122-5p secreted by neutrophils on the pro-
liferation, cloning, apoptosis, oxidative stress 
and permeability of BMECs by regulating OCLN 
was explored to provide a certain basis for the 
study of cerebrovascular diseases.

Materials and methods

Bioinformatics analysis

Transcriptome expression profile microarray 
data of BMECs (GSE5883) from Gene Ex- 
pression Omnibus were obtained and differen-
tial genes expression analysis was performed 
with the limma package. The microarray data 
contained neutrophil-treated BMECs samples 
and negative control (NC). |log2FC| >1.5 and 
false discovery rate <0.05 were set as the 
threshold values to screen differential genes. 
Then differential genes received GO and KEGG 
analyses on the DAVID online website (https://
david.ncifcrf.gov/). RNA22 (https://cm.jeffer-
son.edu/rna22/), miRWalk (http://mirwalk.
umm.uni-heidelberg.de) and miRDB (http://
mirdb.org) were used to predict miRNAs that 
might bind to differential genes, and the inter-
section was obtained.

Purification and cultivation of neutrophils

Neutrophils were purified first. Peripheral 
venous blood of 10 mL from healthy people 
was obtained and treated within 2 h. Neutrophils 
were extracted with the Histopaque-1077 
(Sigma, USA) and Histopaque-1119 (Sigma, 
USA). Cells (cell activity >90%) were re-sus-
pended in the 1640 medium (2-5×106 cells/
mL) containing 10% fetal bovine serum (Thermo 
Fisher Scientific Inc., USA). Neutrophils were 
incubated under 5% CO2 at 37°C or co-incubat-
ed with LPS for 2 h for further analysis.

Exosome isolation and identification

Exosomes were separated from neutrophil  
culture supernatant with exoEasy Maxi Kit 
(Shanghai Duma Biological Technology Co. Ltd., 
China) in accordance with the instruction. Cell 
culture supernatant was pre-filtered, and 600 
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µL EXOs buffer solutions were obtained finally 
and preserved at 80°C for analysis. Exosome 
morphology had been identified with a trans-
mission electron microscope (Thermo Fisher, 
USA).

Cell culture, transfection and grouping

Human BMECs (ATCC, USA) were cultured at a 
density of 1×105 cells/well inEBM-2 medium 
containing fetal bovine serum (10%) and endo-
thelial cell growth supplement (40 µg/mL). 
Cells were stored under 5% CO2 at 37°C.

pcDNA3.1-OCLN and its corresponding em- 
pty vector were transfected into BMECs which 
were co-cultured with LPS-induced neutrophils. 
Neutrophils were transfected with miR-122-5p 
mimic, inhibitor and NC. Lipofectamine 3,000 
(Thermo Fisher Scientific Inc., USA) was em- 
ployed to perform transfection in accordance 
with the instruction. Cells were collected 48h 
after transfection for subsequent study.

BMECs were grouped as follows. Neutrophils-
treated BMECs were divided into the neutro- 
phil group (untreated neutrophils + BMECs), 
LPS + neutrophil group (LPS-induced neutro-
phils + BMECs), LPS + neutrophil EXOs group 
(LPS-induced neutrophil-derived exosomes + 
BMECs), and neutrophil EXOs group (untreated 
neutrophil-derived exosomes + BMECs).

miR-122-5p-treated BMECs were grouped into 
the blank group (miR-122-5p blank control + 
BMECs), miR-NC group (miR-122-5p NC + 
BMECs), miR-mimic group (miR-122-5p mimic + 
BMECs), and miR-inhibitor group (miR-122-5p 
inhibitor + BMECs).

BMECs treated with exosomes containing miR-
122-5p were divided into the control group 

(untreated BMECs), miR-NC-exo group (BMECs 
+ LPS and NC vector-treated neutrophil-derived 
exosomes), miR-inhibitor-exo group (BMECs + 
LPS and miR-122-5p inhibitor-treated neutro-
phil-derived exosomes), and miR-mimic-exo 
group (BMECs + LPS and miR-122-5p mimic-
treated neutrophil-derived exosomes).

OCLN-treated BMECs were divided into the vec-
tor group (empty vector-treated BMECs) and 
OCLN group (pcDNA3.1-OCLN-treated BMECs).

BMECs with combined treatment were divided 
into the miR-mimic-exo + vector group (BMECs 
+ LPS, miR-122-5p mimic and empty vector-
treated neutrophil-derived exosomes) and miR-
mimic-exo + OCLN group (pcDNA3.1-OCLN-
treated BMECs + LPS and miR-122-5p mimic-
treated neutrophil-derived exosomes).

All mimics, inhibitors and transfection vectors 
in this study were provided by the Shanghai 
GenePharma Co. Ltd., China.

Real-time quantitative polymerase chain reac-
tion

Cells were isolated with the TRIzol kit (Thermo 
Fisher Scientific Inc., USA) to obtain total RNAs. 
After the purity and concentration of RNA were 
measured, a reverse transcription kit (Thermo 
Fisher, USA) was utilized to reversely transcribe 
RNA. The instruction of fluorescent quantitative 
polymerase chain reaction kit (Thermo Fisher, 
USA) was followed to perform polymerase chain 
reaction. The experiment was repeated thrice 
for each sample. The results were analyzed by 
using 2-ΔΔCT. GAPDH and U6were served as 
internal references of OCLN and miR-122-5p, 
respectively. Specific amplification primers of 
quantitative polymerase chain reaction are 
shown in Table 1.

Cholecystokinin octopeptide

Cell proliferation ability was measured with  
a cholecystokinin octopeptide (CCK-8) cell 
counting kit (Beyotime Biotechnology, China). 
BMECs of 100 mL were added in each well of 
the 96-well plate (2×104 cells/mL) and cultured 
in a humidifying 5% CO2 incubator at 37°C. 
Supernatant was transferred to a medium con-
taining 2.5% neutrophil exosomes. After 24, 48 
and 72 h, 10 mL CCK-8 solutions were added in 
each well. Optical density at 450 nm was read 

Table 1. Primer sequence
Gene Sequence (5’-3’)
miR-122-5p F: ACACTCCAGCTGGGAA

R: GTGCAGGGTCCGAGGT
OCLN F: AAGACGATGAGGTGCAGAAG

R: GTGAAGAGAGCCTGACCAAA
GAPDH F: GGAGCGAGATCCCTCCAAAAT

R: GGCTGTTGTCATACTTCTCATGG
U6 F: AGCATGATATTTGCTGATGCTGT

R: TGGCTCAGGTGTGCCTTAATGGA
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with a microplate reader 2 h later. The optical 
density value was corrected according to cell 
count.

Oxidative stress level determination

Indicators of oxidative stress employed malo-
ndialdehyde (MDA), catalase (CAT), reactive 
oxygen species (ROS), and superoxide dis-
mutase (SOD) and were detected by fluores-
cent probe method, thiobarbituric acid method, 
WST-1 assay and colorimetric method, respec-
tively, with the ROS detection kit (HR8786), 
MDA detection kit (KFS380), SOD detection kit 
(SNM203) and CAT detection kit (YT292, all kits 
from Beijing Biolab Technology Co. Ltd., China) 
according to the corresponding instruction.

Western blot

Tissues or cells were obtained to extract total 
proteins with RIPA lysis buffer. BCA kit was uti-
lized to measure protein concentration. SDS-
PAGE was used to isolate 20 μg protein sam-
ples, which were then transferred to the PVDF 
membranes for 90 min. The membrane was 
sealed for 2 h with 10% skimmed milk powder 
solution and primary antibodies Claudin-5 
(1:1000, ABCAM, UK), ZO-1 (1:1000, ABCAM, 
UK) and VEGF (1:1000, ABCAM, UK). The mem-
brane was washed thrice (for 15 min per time) 
using tris buffered saline tween (TBST) in the 
next morning. Then goat anti-rabbit IgG second 
antibody (1:1500, ab197780, ABCAM, UK) was 
used to incubate the membranes at room tem-
perature for 2 h and washed thrice with TBST. 
ECL kit (Beyotime Biotechnology, China) was 
employed to observe protein bands, which 
weree then photographed. Gray values were 
analyzed using I-mage J software. GAPDH was 
taken as the internal reference.

Flow cytometry

Annexin V-FITC/PI staining kit (Beyotime 
Biotechnology, China) was utilized to detect cell 
apoptosis. Stably transfected cells were dis-
solved by trypsin and washed with cold phos-
phate buffered saline. Buffer solutions were 
used to re-suspend the dissolved cells after 
centrifugation. Annexin V-FITC (5 μL) and PI (5 
μL) were added successively into the buffer 
solutions in a dark place and incubated. Then 
cell apoptosis was measuring using flow cytom-
etry (Thermo Fisher Scientific Inc., USA).

Clone formation assay

Clone formation assay was performed to evalu-
ate cell colony formation ability. After cell trans-
fection in each group, trypsin (0.25%) was used 
to digest BMECs in the log phase. Collected 
cells (1×103 cells) were seeded in a 6-well plate 
in normal BMECs medium and incubated under 
the above oxygen deficient condition. Cell cul-
ture medium was refreshed per two days. Cells 
were incubated for 2 weeks and rinsed using 
phosphate buffered saline. Then methanol (2 
mL) was added to fix BMECs, and crystal violet 
solution (0.1%) was added to dye cells for 30 
min at room temperature. Then cells in each 
group were counted and photographed.

Dual luciferase reporter assay

Luciferase reporter vectors (OCLN-WT/OCLN-
MT) were constructed. BMECs were seeded  
in a 48-well plate and cultured to the conflu-
ence of 70% cells. OCLN-WT or OCLN-MT vector 
was co-transfected with miR-NC or miR-122-5p 
mimic using Lipofectamine 3000. Luciferase 
activity was measured 48 h after transfection 
by reference to the instruction.

Statistical analysis

Data excluding bioinformatics data were ana-
lyzed by GraphPad Prism 8. All experiments 
were repeated thrice. Data were shown by 
mean ± standard deviation. One-way analysis 
of variance was employed to perform compari-
son among groups, followed by Tukey post  
hoc test. Independent-samples t test was 
employed to perform comparison between 
groups. P<0.05 indicated a significant diffe- 
rence.

Results

LPS-induced neutrophils promoted the in-
crease of BMECs permeability

Vascular endothelial growth factor (VEGF) and 
tight junction protein expressions were impor-
tant parameters for the evaluation of cell per-
meability. In this study, VEGF, ZO-1 and Clau- 
din-5 were used as indicators of cell permeabil-
ity. Un-induced and LPS-induced neutrophils 
were co-cultured with BMECs. Real-time quanti-
tative polymerase chain reaction (RT-qPCR) 
and Western blot revealed that there were sig-
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nificantly decreased ZO-1 and Claudin-5 ex- 
pressions at the transcription and translation 
level, increased mRNA and protein expressions 
of VEGF (all P<0.05) and increased cell perme-
ability in LPS + neutrophil group versus in neu-
trophil group (Figure 1). Results in the above 
indicated that LPS-induced neutrophils promot-
ed the increase of BMECs permeability.

LPS-induced neutrophil exosomes promoted 
the increase of BMECs apoptosis and perme-
ability

All neutrophil exosomes were identified with a 
transmission electron microscope to verify the 
successful isolation of exosomes. These neu-
trophil exosomes showed a typical cotyliform, 
with a size of about 130 nm (Figure 2A). Then 
un-induced and LPS-induced neutrophil exo-
somes were co-cultured with BMECs. Claudin-5 
and ZO-1 expressions in LPS + neutrophil EXOs 
group versus in Neutrophil EXOs group lowered 
significantly, and VEGF expression increased 
(all P<0.05). It indicated that BMECs permeabil-
ity increased significantly (Figure 2B and 2C). 
LPS + neutrophil EXOs group compared with 
Neutrophil EXOs group showed higher cell 
apoptotic rate (P<0.05, Figure 2D and 2E), sug-
gesting that LPS-induced neutrophil exosomes 
promoted the increase of BMECs apoptosis 
and permeability.

Differential gene screening and target relation 
prediction

A total of 256 differential expression genes 
were found in the microarray data, including 

102 up-regulated genes and 154 down-re- 
gulated genes. Significant enrichment of cell 
tight junction related GO term (Fold enrich-
ment: 9.863142438, P=0.008649819) and 
pathway (Fold enrichment: 6.525946305, P= 
0.031474141) was found by GO and KEGG 
analyses (Figure 3A and 3B), indicating that 
neutrophils might regulate BMECs permeability 
by secreting micro-vesicles. It was interesting 
that occludin was found in the above GO term 
and was selected as the focus of this study. 
OCLN was taken as the target gene to explore 
the possible upstream molecular mechanism 
of miRNA-mRNA interaction. RNA22, miRDB 
and miRWalk were used to predict miRNAs  
that might bind to OCLN, and the intersection 
was obtained. hsa-miR-122-5p, hsa-miR-5685, 
hsa-miR-6744-5p, hsa-miR-875-3p and hsa-
miR-3157-5p were found in the results obtained 
by the three prediction software (Figure 3C). In 
this study we focused on miR-122-5p. In 
BMECs, mechanism of miR-122-5p and OCLN 
was further explored.

miR-122-5p targeted the binding with OCLN 
and down-regulated OCLN expression

Through the RNA22, miRDB and miRWalk tar-
get relation prediction websites specific sites  
of miR-122-5p binding to OCLN were found 
(Figure 4A). The results of dual luciferase 
reporter assay indicated that miR-mimic ve- 
rsus miR-NC suppressed the luciferase activity 
of OCLN-WT (P<0.05) while had little effect on 
the luciferase activity of OCLN-MUT (P>0.05, 
Figure 4B). OCLN expression decreased signifi-
cantly in the miR-mimic group and increased in 

Figure 1. LPS-induced neutrophils promoted the increase of BMECs permeability. A: mRNA expression levels of 
VEGF, ZO-1 and Claudin-5; B: Protein bands; C: Protein expression levels of VEGF, ZO-1 and Claudin-5 and semiquan-
titative results. Compared with the neutrophil group, *P<0.05. LPS: lipopolysaccharide; VEGF: vascular endothelial 
growth factor.
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Figure 2. LPS-induced neutrophil exosomes promoted the increase of BMECs apoptosis and permeability. (A) Isolation results of neutrophil-secreted exosomes (a: 
10,000×; b: 40,000×); (B) Relative protein expression detected by Western blot; (C) Relative protein expression; (D) Flow cytometry scatter plot; (E) Cell apoptotic 
rate detected by flow cytometry. Compared with the neutrophil EXOs group, &P<0.05. LPS: lipopolysaccharide; VEGF: vascular endothelial growth factor.
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Figure 3. RNA sequencing and target relation prediction. A: GO analysis results; B: KEGG analysis results; C: Target sites of OCLN predicted by RNA22, miRDB and 
miRWalk.
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the miR-inhibitor group as compared to miR-NC 
group, and no significant difference was found 
between the miR-NC group and blank group 
(Figure 4C). The results suggested that OCLN 
was the target gene of miR-122-5p and regu-
lated by miR-122-5p.

miR-122-5p in over-expressed neutrophil exo-
somes aggravated BMECs injury

Exosomes in the LPS + neutrophil EXOs and 
neutrophil EXOs groups were detected by 
RT-qPCR to verify miR-122-5p expression in 
neutrophil-secreted exosomes. miR-122-5p 
expression in LPS + neutrophil EXOs group ver-
sus neutrophil EXOs group was higher (P<0.05, 
Figure 5A), indicating that LPS might regulate 
downstream biological process by stimulating 
neutrophils secreting miR-122-5p. miR-122- 
5p expression in LPS-induced neutrophil-
secreted exosomes was intervened and shown 
in Figure 5B. As compared to miR-NC-exo 
group, BMECs proliferation and colony forma-
tion ability decreased significantly in the miR-
mimic-exo group and increased in the miR-
inhibitor-exo group (P<0.05, Figure 5C-E).  
The expressions of antioxidant substances 
(SOD and CAT) in the miR-mimic-exo group ver-
sus the miR-NC-exo group were lower, and the 
expressions of oxidation products (ROS and 

and the internal mechanism of miR-122-5p  
in the regulation of BMECs growth and oxida-
tive stress was further explored. OCLN expres-
sion in BMECs was detected. Exosomes con-
taining miR-122-5p had been shown to be suc-
cessfully absorbed by BMECs and reduced 
OCLN expression. Moreover, OCLN was over-
expressed successfully in BMECs (P<0.05, 
Figure 6A). Cell phenotype test showed that 
compared with the vector group, OCLN overex-
pression significantly increased BMECs ac- 
tivity, colony formation ability SOD and CAT 
expressions and inhibited BMECs apoptosis, 
ROS generation and MDA level (all P<0.05, 
Figure 6B-I). As compared to miR-mimic-exo + 
vector group, OCLN overexpression in BMECs 
partly decreased the blocking of BMECs activi-
ty, colony formation ability, SOD and CAT expres-
sions and the induction of BMECs apoptosis, 
ROS and MDA generation by miR-122-5p in 
neutrophil-derived exosomes (all P<0.05). After 
BMECs absorbed miR-mimic-exo, their regula-
tion on Claudin-5 and ZO-1 of blood brain bar-
rier was inhibited significantly, and VEGF relat-
ed to endothelial cell proliferation showed an 
increasing trend (all P<0.05, Figure 6J, 6K). 
Compared with the miR-mimic-exo + vector 
group, OCLN overexpression in BMECs partly 
decreased miR-mimic-exo-induced VEGF up-
regulation (P<0.05), but ZO-1 and Claudin-5 

Figure 4. miR-122-5p targeted the binding with OCLN and down-regulated 
OCLN expression. A: Binding sites of miR-122-5p and OCLN; B: Dual lucif-
erase reporter assay results; C: OCLN expression regulated by miR-122-5p. 
Compared with the miR-NC and OCLN-WT co-transfection group, $P<0.05; 
compared with the blank group, ^P<0.05; compared with the miR-NC group, 
#P<0.05. NC: negative control.

MDA) increased significantly 
(P<0.05, Figure 5F-H). miR-
122-5p overexpression had 
been shown to aggravate the 
oxidative injury of BMECs. 
Overexpressed miR-122-5p 
had been further confirmed to 
inhibit the growth of BMECs 
and aggravated the oxidative 
injury of BMECs.

OCLN overexpression in 
BMECs partly reversed the 
regulation of neutrophil-de-
rived miR-122-5p on BMECs 
growth and oxidative stress

Combined with the results in 
the section “miR-122-5p tar-
geted the binding with OCLN 
and down-regulated OCLN 
expression”, BMECs were 
treated with exosomes con-
taining miR-122-5p or OCLN, 
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expressions showed no significant differences 
(both P>0.05).

Discussion

The relation between exosomes and cerebro-
vascular diseases has gradually become a 
research hotspot in recent years [21]. The 
effect of miR-122-5p exosomes secreted by 
LPS-induced neutrophils on BEMCs permeabil-

ity by targeting downstream gene OCLN was 
mainly analyzed in this study.

miRNA is a kind of small RNA with a length of 
about 20-24 nt [22, 23]. An increasing number 
of miRNAs participate in regulating cerebrovas-
cular diseases [24-26]. Although miRNAs exert 
a key role in cerebrovascular diseases, the 
effect of miRNA exosomes on BEMCs is still 
unclear.

Figure 5. Over-expressed miR-122-5p aggravated BMECs injury. A: miR-122-5p expression in un-induced and LPS-
induced neutrophil exosomes; B: miR-122-5p expression in BMECs detected by RT-qPCR; C: Cell proliferation detect-
ed by CCK-8; D: Clone formation assay results; E: Clone cell number; F: Expressions of antioxidant substances (SOD 
and CAT); G: ROS expression; H: MDA expression. Compared with the neutrophil EXOs group, &P<0.05; compared 
with the control group, %P<0.05; compared with the miR-NC-exo group, @P<0.05. RT-qPCR: real-time quantitative 
polymerase chain reaction; CCK-8: cholecystokinin octopeptide; LPS: lipopolysaccharide; ROS: reactive oxygen spe-
cies; MDA: malondialdehyde; SOD: superoxide dismutase; CAT: catalase; NC: negative control.
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Exosomes are vesicles secreted by different 
types of cells. Exosomes exert a key part in 
mediating intercellular communication and can 
cross the blood brain barrier [27]. Exosomes 
have been proved to participate in multiple 
physiological and pathological processes [28]. 
In addition, exosome is one of the therapeutic 
strategies for cerebrovascular diseases. For 
example, rats with cerebral ischemia had abun-
dant mature miRNAs in brain endothelial cells 
and more selective miRNAs up-regulation than 
non-ischemic rats [29]. miR-34c exosomes 
showed a neuroprotective effect on cerebral 
ischemia by the TLR7/MAPK pathway [30]. 
However, there were few reports on the change 
in exosome miRNAs and their regulation on 
BEMCs.

This was the first study to explore the regula- 
tion of neutrophil exosome miR-122-5p on 
BEMCs. miR-122-5p has played a role as a 
tumor suppressor in liver and colorectal can- 
cer progression [31, 32]. In addition, drug  
combination for mice with autoimmune enceph-
alomyelitis could reduce miR-122-5p expres-
sion level [33]. Up-regulation of miR-122-5p 
occurred after cerebral ischemia. miR-122-5p 
inhibited activation-related receptors expres-
sions in natural killer cells and reduce natural 
killer cells to produce cytotoxic effect [20]. In 
this study, miR-122-5p showed a high expres-
sion in LPS-induced neutrophil-secreted exo-

has been confirmed to be the main site for ROS 
generation, and ROS can act on the mediation 
of oxidative damage caused by cerebral isch-
emia, the impairing of cerebrovascular endo-
thelial barrier integrity and the increase of 
endothelial cell permeability [34]. Therefore, 
we detected oxidative stress factors and fo- 
und that miR-122-5p overexpression could sig-
nificantly accelerate the oxidative stress 
process.

A study about renal cell carcinoma showed that 
the regulation of OCLN by miR-122 resulted in 
the malignant phenotype of renal cell carcino-
ma cells but reduced the invasion of hepatitis C 
virus into liver cells [35]. In addition, miR-122-
5p expression had a negative correlation with 
OCLN expression in patients with oligospermia 
[36]. It indicated that such target relation might 
also exist in other organs, tissues or cells. miR-
122-5p and the downstream target gene OCLN 
were used for further analysis to further explore 
mechanism of miR-122-5p exosomes in BEMCs 
injury. OCLN as a main structural protein of 
tight junction has a protective effect on cell bar-
rier [18]. A study showed that in mice in vivo 
and in vitro, OCLN is important in restricting 
macromolecules (10-70 kDa) passing through 
the epithelium without affecting transepithelial 
resistance [37]. Truncation of OCLN expression 
in xenopus laevis increased paracellular leak-
age, and OCLN in cultured epithelial cells 

Figure 6. OCLN overexpression partly reversed the effect of miR-122-5p on BMECs. A: OCLN mRNA expression in 
BMECs treated with miR-122-5p exosomes or OCLN; B: Cell activity; C, D: Colony formation ability; E, F: Cell apop-
tosis; G-I: SOD, CAT, ROS and MDA levels; J, K: ZO-1, Claudin-5 and VEGF protein expressions. Compared with the 
control or vector group, ΔP<0.05; compared with the miR-mimic-exo + vector group, ▲P<0.05. OD: optical density; 
ROS: reactive oxygen species; MDA: malondialdehyde; SOD: superoxide dismutase; CAT: catalase; NC: negative 
control; VEGF: vascular endothelial growth factor.

Figure 7. Mechanism flow chart of LPS-induced neutrophil-secreted miR-
122-5p exosomes regulating BEMCs proliferation, apoptosis and permeabil-
ity by targeting OCLN. LPS: lipopolysaccharide; VEGF: vascular endothelial 
growth factor; BEMC: brain microvascular endothelial cell.

somes, which could inhibit 
Claudin-5 and ZO-1 expres-
sions in BEMCs, promote 
VEGF expression, and increa- 
se cell permeability.

Moreover, LPS-induced neu-
trophil-secreted miR-122-5p 
exosomes could facilitate 
BEMCs apoptosis. CCK-8 and 
clone formation assay indicat-
ed that overexpressed miR-
122-5p significantly suppre- 
ssed BEMCs proliferation and 
colony formation. The endo-
thelium of blood brain barrier 
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reduced transepithelial resistance [38]. In this 
study, dual luciferase reporter assay was per-
formed to confirm the interactive relationship 
between miR-122-5p and OCLN. miR-122-5p 
targeted the binding with OCLN and down-regu-
lated OCLN expression. The results of function-
al analysis experiment showed that miR-122-
5p exosomes overexpression inhibited BEMCs 
proliferation and colony formation and promote 
the increase of cell apoptosis, oxidative stress 
and cell permeability. OCLN overexpression 
vector transfected in overexpressed miR-122-
5p exosomes partly reversed the effect of miR-
122-5p exosomes on BEMCs oxidative stress, 
apoptosis and proliferation. Combined with pre-
vious reports to analyze the mechanism, miR-
200b could reduce endothelial cell permeabili-
ty by targeting VEGF, and VEGF could regulate 
retinal endothelial cell permeability by inducing 
Claudin protein phosphorylation [39, 40]. 
Therefore, we speculated that VEGF and tight 
junction protein OLCN had a coordination effect 
in regulating endothelial cell permeability. As 
common detection indicators in permeability 
analysis, OCLN, ZO-1 and Claudin-5 were not 
reported to have a regulatory relationship. In 
this study, we also did not confirm that interven-
tion in OCLN alone would have an effect on 
ZO-1 and Claudin-5. A previous review showed 
that OLCN family phosphorylation was closely 
related to oxidative stress, which had been 
extensively researched, and played an impor-
tant role in oxidative stress related pathology 
and corresponding drug intervention [41]. The 
possible regulation of miR-122-5p/OCLN in the 
oxidative stress of BEMCs had been further 
explained.

In conclusion, miR-122-5p in LPS-induced neu-
trophil exosomes can down-regulate OCLN 
expression and promote BEMCs injury. 
However, animal experiments are needed to 
further verify the experimental reliability, hop-
ing to further clarify the effect of neutrophil-
secreted miR-122-5p exosomes in BEMCs. The 
mechanism flow chart of this study is shown in 
Figure 7.
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