
Int J Clin Exp Pathol 2020;13(7):1834-1841
www.ijcep.com /ISSN:1936-2625/IJCEP0093814

Original Article 
Regulatory mechanism of MiR-21 in formation  
and rupture of intracranial aneurysm through JNK  
signaling pathway-mediated inflammatory response 

Zhihua Chen, Shuxin Song, Jianming Zhu, Xianliang Lai

Department of Neurosurgery, The Second Affiliated Hospital of Nanchang University, Nanchang, Jiangxi, China

Received March 14, 2019; Accepted May 24, 2019; Epub July 1, 2020; Published July 15, 2020 

Abstract: Objective: To investigate the regulatory mechanism of micro ribonucleic acid (miR)-21 in the formation and 
rupture of intracranial aneurysm through the c-Jun N-terminal kinase (JNK) signaling pathway-mediated inflamma-
tory response. Methods: In the present study, the mice with miR-21 expression deficiency and over-expression in 
our laboratory were enrolled as the experimental group, while wild-type healthy mice were used as the control group. 
The mouse model of intracranial aneurysm was established by bilateral carotid artery ligation. The differences in 
the levels of key genes in the JNK signaling pathway (JNK1 and JNK2) were detected by fluorescence quantitative 
polymerase chain reaction (qPCR) and western blotting. At the same time, the changes in transcription and trans-
lation levels of inflammatory factors, interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α), in both groups were 
measured. After the mice were executed by an overdose of anesthesia, the morphology of the aneurysm in different 
objects was observed by Verhoeff-Van Gieson (EVG) staining and the expressions of TNF-α, JNK1, and JNK2 were 
determined by immunohistochemistry. Results: Compared with healthy mice, levels of JNK1 and JNK2 in mice with 
miR-21 deficiency were significantly decreased (P < 0.05) with a significant reduction of inflammatory factors IL-6 
and TNF-α (P < 0.05). Compared with healthy mice, levels of JNK1 and JNK2 in mice with miR-21 over-expression 
were significantly increased (P < 0.05) with significant growing levels of inflammatory factors IL-6 and TNF-α (P < 
0.05). The results of EVG staining revealed that the intracranial aneurysm was smaller in mice with miR-21 defi-
ciency [(0.3 ± 0.12) cm] and larger in mice with miR-21 over-expression [(0.8 ± 0.25) cm] and there was a significant 
difference (P < 0.05). Moreover, the results of immunohistochemistry showed that the expression of TNF-α in intra-
cranial aneurysm was obviously lower in mice with miR-21 deficiency than that in mice with miR-21 over-expression. 
Conclusion: MiR-21 can promote the production of inflammation-related factors through the JNK signaling pathway, 
leading to the formation and rupture of an intracranial aneurysm.
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Introduction

In recent years, great changes have taken place 
in the dietary habit. The unhealthy dietary hab-
its, such as excessive intake of fat and insuffi-
cient exercise lead to cardiovascular and cere-
brovascular diseases in different degrees [1]. 
According to statistics, for instance, the mor-
bidity rate of cardiovascular and cerebrovascu-
lar diseases in China is approximately 2.5-3.2% 
[2]. Intracranial aneurysm has become one of 
the most lethal cerebrovascular diseases [3], 
increasing the psychological and economic bur-
den on patients and their families due to its 
high morbidity and mortality rates. With the 
continuous development of molecular biologi-
cal technique in recent years, the role of non-

coding ribonucleic acid (RNA) in the metabolic 
process in vivo has gradually attracted people’s 
attention [4, 5]. For example, studies have 
found that the expression of micro RNA (miR)-
21 is significantly higher at the pathogenic site 
in ovarian cancer and other tumors than that in 
normal tissues and organs [6]. The c-Jun N- 
terminal kinase (JNK) signaling pathway is one 
of the signaling pathways related to apoptosis 
and inflammatory response in vivo discovered 
in recent years. Studies have found that the 
JNK signaling pathway, an important compo-
nent of the mitogen-activated protein kinase 
(MAPK) signaling pathway, mainly includes 
c-Jun N-terminal kinase, and participates in 
cytokine expression, proliferation, and apopto-
sis through phosphorylating the corresponding 
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proteins [7, 8]. In the present study, the regula-
tory mechanism of miR-21 in the formation and 
rupture of intracranial aneurysm through the 
JNK signaling pathway-mediated inflammatory 
response was explored for the first time. This 
provided a theoretical and experimental basis 
for the treatment of intracranial aneurysms.

Materials and methods

General data

In the present study, the mice with miR-21 defi-
ciency and miR-21 over-expression constructed 
in our laboratory were taken as the experimen-
tal group, while the healthy mice were used as 
the control group. The mouse model of intracra-
nial aneurysm was established by bilateral 
carotid artery ligation. Rats were used for all 
experiments and all procedures were approved 
by the Animal Ethics Committee of The Second 
Affiliated Hospital of Nanchang University.

Main reagents: The RPMI-1640 medium, high-
glucose Dulbecco’s modified Eagle medium 
(DMEM), and fetal bovine serum (FBS) were 
purchased from Roche (Indianapolis, IN, USA), 
0.25% trypsin and EDTA from Invitrogen (Carls- 
bad, CA, USA), the lentiviral vector system and 
transfection kit from TAKARA, the RNA extrac-
tion kit from TAKARA (Dalian, Liaoning, China), 
the animal protein extraction kit, Verhoeff-Van 
Gieson (EVG) kit, enzyme-linked immunosor-
bent assay (ELISA) kit, and Matrigel medium 
used in cell invasion assay from Roche (India- 
napolis, IN, USA).

Reverse transcription-polymerase chain reac-
tion (RT-PCR)

RNA extraction: The RNA was extracted accord-
ing to the instructions of the AXYGEN kit [9], as 
follows: (1) About 0.1 g cryo-preserved tissue 

samples were taken from liquid nitrogen, dis-
solved on ice, added with 0.45 mL RNA Plus, 
and ground into pieces in the pre-cooled mor-
tar. Then, the samples were transferred into a 
1.5 mL EP tube, added with 0.45 mL RNA Plus, 
washed, and transferred into a centrifuge tube. 
(2) 200 μL chloroform was added into the cen-
trifuge tube, shaken violently for 15 s and 
placed on ice for 15 min, followed by (3) 
Centrifugation at 12000 rpm and 4°C for 15 
min. (4) The supernatant was transferred into 
the RNase-free EP tube, added with an equal 
amount of isopropanol, mixed evenly and pla- 
ced on ice for 10 min, followed by (5) Centri- 
fugation at 12000 rpm and 4°C for 10 min. (6) 
The supernatant was discarded, and 750 μL 
75% ethanol was added and mixed gently, fol-
lowed by centrifugation at 12000 rpm and 4°C 
for 10 min. (7) The supernatant was discarded, 
and the residual ethanol was removed as far as 
possible. (8) An appropriate amount of RNase-
free water was added and the mass of RNA 
extracted was determined, while the remaining 
RNA was use for reverse transcription [11].

Fluorescence quantitative PCR (qPCR)

In the present study, the fluorescence qPCR kit 
was purchased from TAKARA and the experi-
ment was performed using the three-step me- 
thod in accordance with the modified instruc-
tions. The primers used are shown in Table 1.

Western blotting

In the present study, the total protein was 
extracted from the samples using the animal 
protein extraction kit (Roche) according to the 
modified instructions [12]. Then the antibody 
was diluted at 1:5000 according to the instruc-
tions provided by Roche and western blotting 
was performed in accordance with the Mo- 
lecular Cloning Manual [10].

Immunohistochemistry

Steps [11]: In the present study, the samples 
were detected using the immunohistochemi- 
cal streptavidin-peroxidase (SP) method, as fo- 
llows: (1) Different tissue samples were fixed 
with 10% formaldehyde, embedded in paraffin, 
and sliced into about 4 μm-thick sections. Then 
the sections were placed on the glass slide and 
baked at 60°C for about 2 h. (2) The sections 
were then deparaffinized with xylene, dehydrat-
ed with alcohol, treated with ultrapure water, 

Table 1. Fluorescence qPCR primers
Gene Primer sequence
JNK1 F: 5’-AGTCACACCTGTCCTCTAG-3’

R: 5’-ATCTGCCTATGCCTTGGTTG-3’
JNK2 F: 5’-GTGGCTGAGGAGATTCAAG-3’

R: 5’-AAAGAAGGCATGAGAGCATC-3’
IL-6 F: 5’-AGCTAGCTACGATCCAGATCAG-3’

R: 5’-CGAGCGATCAGCTACGATCG-3’
TNF-α F: 5’-CGAGCGATCAGCTACGATC-3’

R: 5’-CGAGCATCGATCGATCAGC-3’
GAPDH F: 5’-TCATGGGTGTGAACCATGAGAA-3’

R: 5’-GGCAGGACTGTGGTCATGAG-3’
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and washed with phosphate buffered saline 
(PBS) (pH 7.2) 5 times (5 min/time). Next, the 
sections were heated in a pressure cooker for 
about 2 min, cooled, and placed in PBS at room 
temperature for 30 min. (3) After PBS was re- 
moved, the sections were added with 50 μL 
peroxidase blocker, placed at 37°C for about 
10 min, and washed with PBS 5 times (5 min/
time). After PBS was removed, 45 μL nonim-
mune animal serum was added for incubation 
at room temperature for 10 min. (4) The sec-
tions were added with the primary antibody for 
incubation at room temperature for about 2 h 
or at 4°C overnight and washed with PBS 5 
times (5 min/time). (5) 50 μL SP was added for 
incubation at room temperature for 2 h and the 
sections were washed with PBS 5 times (5 min/
time). (6) After 100 μL developing solution was 
added, the sections were observed under a 
microscope. (7) After 10 min, the sections were 
rinsed with distilled water, counterstained with 
hematoxylin for 5 min, and rinsed again, fol-
lowed by dehydration and drying with gradient 
alcohol and sealing with neutral balsam.

Identification of results

The yellow particles in the cell membrane or 
cytoplasm indicated the positive results of 
immunohistochemical staining. The immuno-
histochemical evaluation criteria are as follows 
[9]: membrane staining < 10% or negative tu- 
mor cells after staining: negative, only cell me- 
mbrane staining or membrane staining > 10%: 
positive. The results were quantitatively deter-
mined using the KI index (the positive cell count 
in each field of view).

Determination of protein expression by ELISA 
[12]

ELISA was performed in accordance with the 
modified instructions of the ELISA kit (TAKARA) 
[12]. In the present study, the ELISA standard 
protein samples were diluted (1:50) using 
Assay Buffer and then the standard curve was 
plotted according to the instructions. The sam-
ples to be tested were diluted with PBS (pH 7.2) 
at 1:100, and then 100 μL samples were added 
into each well. Then 50 μL test solution was 
added into each well, and the TMB chromogen-
ic substrate was also added after incubation at 
room temperature for 2 h. Finally, the absor-
bance was measured at 495 nm and the con-
tent and concentration of JNK1, JNK2, interleu-
kin-6 (IL-6) and tumor necrosis factor-α (TNF-α) 
in each sample were calculated according to 
the standard curve.

EVG staining [13]

(1) The intracranial artery samples were taken 
from objects, baked at 58°C for 2 h, (2) depar-
affinized, (3) soaked in Verhoeff’s solution for 
15 min until the tissue samples turned black, 
and (4) rinsed with tap water (direct washing 
should be avoided). (5) 2% ferric trichloride 
powder was added into different samples using 
the pipette for treatment for about 2 min. (6) 
Then the samples were treated with deionized 
water 3 times (3 min/time), and (7) treated with 
1% sodium thiosulfate for 1 min. (8) Van Gieson 
was added for staining in a dark place for 10 
min, and (9) the samples were dehydrated and 
(10) air dried. 

Data processing

In this study, SPSS 20.0 software (SPSS Inc., 
Chicago, IL) was used for the statistical analysis 
of the experimental data obtained and the rel-
evant measurement results were expressed as 
(_x  ± s). All experiments to date were derived 
from at least 3 independent experiments. The t 
test was used for the intergroup comparison 
and the chi-square test was used for enumera-
tion data. Continuous data from multiple groups 
were analyzed by using one-way ANOVA, with 
the Tukey’s post hoc test. P-values < 0.05 were 
considered statistically significant.

Results

Expression levels of blood miR-21, JNK1, 
JNK2, IL-6, and TNF-α in healthy mice and 
intracranial aneurysm mice were detected by 
fluorescence qPCR

To explore the correlation between miR-21 and 
inflammation-mediated intracranial aneurysm, 
the expression levels of miR-21, JNK1, JNK2, 
IL-6, and TNF-α in healthy mice and intracranial 
aneurysm mice were detected first. As shown in 
Figure 1, the level of miR-21 in intracranial 
aneurysm mice was significantly increased 
compared with that in healthy mice (P < 0.05). 
It was further found that the transcription levels 
of JNK1, JNK2, IL-6, and TNF-α in healthy mice 
were significantly lower than those in intracra-
nial aneurysm mice (P < 0.05).

Expression levels of blood JNK1, JNK2, IL-6, 
and TNF-α proteins in healthy mice and intra-
cranial aneurysm mice detected by ELISA

The expression levels of blood JNK1, JNK2, 
IL-6, and TNF-α proteins in healthy mice and 
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intracranial aneurysm mice were detected by 
ELISA. As shown in Figure 2, the levels of blood 
JNK1, JNK2, IL-6, and TNF-α proteins in intra-

levels of key genes in the JNK signaling path-
way (JNK1 and JNK2) and inflammatory factors 
(IL-6 and TNF-α).

Figure 1. Differences in expression levels of miR-21, JNK1, JNK2, IL-6, and 
TNF-α in different objects. The expression levels of miR-21, JNK1, JNK2, 
IL-6, and TNF-α in experimental group are significantly higher than those in 
healthy mice (P < 0.05).

Figure 2. Differences in expression levels of JNK1, JNK2, IL-6, and TNF-α 
proteins in different groups. The expression levels of JNK1, JNK2, IL-6, and 
TNF-α proteins in experimental group are significantly higher than those in 
healthy mice (P < 0.05).

cranial aneurysm mice were 
significantly increased com-
pared with those in healthy 
mice [(4.15 ± 0.12) pg/L vs. 
(1.05 ± 0.12) pg/L, (4.62 ± 
0.16) pg/L vs. (1.32 ± 0.17) 
pg/L, (7.39 ± 0.11) pg/L vs. 
(4.05 ± 0.18) pg/L, (5.28 ± 
0.19) pg/L vs. (3.25 ± 0.11) 
pg/L] (P < 0.05), indicating that 
the up-regulation of transcrip-
tion and protein expression of 
JNK1, JNK2, IL-6 and TNF-α is 
associated with intracranial 
aneurysm.

Transcription levels of JNK1, 
JNK2, IL-6, and TNF-α in mice 
with miR-21 deficiency and 
mice with miR-21 over-expres-
sion detected by fluorescence 
qPCR

It was found in the above ex- 
perimental results that the 
expression of miR-21 in intra-
cranial aneurysm mice was sig-
nificantly higher than that in 
healthy mice, so it is speculat-
ed that miR-21 may be associ-
ated with the incidence of in- 
tracranial aneurysm. To explore 
the correlation between miR-
21 and intracranial aneury- 
sm, the transcription levels of 
JNK1, JNK2, IL-6, and TNF-α in 
mice with miR-21 deficiency 
and mice with miR-21 over-
expression were detected. As 
shown in Figure 3, the tran-
scription levels of JNK1, JNK2, 
IL-6, and TNF-α were obviously 
lower in mice with miR-21 defi-
ciency than those in healthy 
mice (P < 0.05), while they 
were obviously higher in mice 
with miR-21 over-expression 
than those in healthy mice (P < 
0.05). The above findings sug-
gest that the reduction of miR-
21 can inhibit the transcription 
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Protein levels of JNK1, JNK2, 
IL-6, and TNF-α in mice with 
miR-21 deficiency and mice 
with miR-21 over-expression 
detected by western blotting

It was confirmed by fluoresce- 
nce qPCR for the first time that 
the suppression of miR-21 can 
reduce the transcription levels 
of key genes in the JNK signal-
ing pathway and inflammatory 
factors (IL-6 and TNF-α). To 
explore whether miR-21 affects 
the protein expression levels of 
the above genes, the protein 
levels of JNK1, JNK2, IL-6, and 
TNF-α in mice with miR-21 defi-
ciency and mice with miR-21 
over-expression were detected 
by western blotting. The results 
revealed that the protein levels 
of JNK1, JNK2, IL-6, and TNF-α 
were obviously lower in mice 
with miR-21 deficiency than 
those in healthy mice, while 
they were obviously higher in 
mice with miR-21 over-expres-
sion than those in healthy mice 
(P < 0.05) (Figure 4). The above 
results indicate that miR-21 
can inhibit the expression of 
inflammatory factors through 
inhibiting the JNK signaling 
pathway, thereby reducing the 
occurrence of inflammatory re- 
sponse.

Expression levels of IL-6 and 
TNF-α in intracranial aneu-
rysm mice detected by immu-
nohistochemistry

The expression levels of IL-6 
and TNF-α in mice with miR-21 
deficiency and mice with miR-
21 over-expression were dete- 
cted by immunohistochemis-
try. The results showed that 
the expression levels of IL-6 
and TNF-α at the lesion site in 
mice with miR-21 deficiency 
were remarkably lower than 
those in mice with miR-21 over-

Figure 3. Transcription levels of JNK1, JNK2, IL-6, and TNF-α in different ob-
jects detected by fluorescence qPCR. The expression levels of JNK1, JNK2, 
IL-6, and TNF-α in mice with miR-21 over-expression are obviously higher 
than those in mice with miR-21 deficiency (P < 0.05).

Figure 4. Differences in protein levels of JNK1, JNK2, IL-6, and TNF-α in dif-
ferent objects. The protein expression levels of JNK1, JNK2, IL-6, and TNF-α 
in mice with miR-21 over-expression are obviously higher than those in mice 
with miR-21 deficiency (P < 0.05).
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expression (Figure 5), indicating that the inhibi-
tion of miR-21 can lower the content of inflam-
matory factors at the lesion site, thereby reduc-
ing the incidence of inflammatory response.

Size of intracranial aneurysm in different ob-
jects observed by EVG staining

To investigate the regulatory mechanism of 
miR-21 in the formation and rupture of intracra-
nial aneurysm through the JNK signaling path-
way-mediated inflammatory response, the size 
of intracranial aneurysm in mice with miR-21 
deficiency and mice with miR-21 over-expres-
sion was measured. It was found that the 
decrease of miR-21 level could impede the for-
mation and rupture of intracranial aneurysm, 
and the size [(0.3 ± 0.12) cm] and elasticity of 
intracranial aneurysm in mice with miR-21 defi-
ciency were remarkably smaller than those in 
mice with miR-21 over-expression [(0.8 ± 0.25) 
cm] (P < 0.05) (Figure 6).

Discussion

Intracranial aneurysm is a kind of intracranial 
disease caused by the abnormal dilation of 

intracranial arteries [14]. Its clinical manifesta-
tions are not obvious and the corresponding 
symptoms will not be clearly observed until the 
rupture of intracranial aneurysm, such as sub-
arachnoid hemorrhage. According to clinical 
statistics [15-17], there are usually no obvious 
malignant symptoms of intracranial aneurysm, 
but careful nursing is still needed, bringing a 
great burden to the families. At present, the 
pathogenesis of intracranial aneurysm has no 
definite conclusion, so there have not been any 
effective treatments. Studies have suggested 
that the occurrence of intracranial aneurysm 
may have a certain correlation with vascular 
inflammation [18-20]. In the present study, the 
regulatory mechanism of miR-21 in the forma-
tion and rupture of intracranial aneurysm 
through the JNK signaling pathway-mediated 
inflammatory response was explored for the 
first time. It was found that compared with 
healthy mice, mice with intracranial aneurysm 
had a significantly increased transcription level 
of miR-21, showing a significant difference (P < 
0.05). It is reported in related literature that 
miR-21 can be involved in many metabolic pro-
cesses through regulating the JNK signaling 

Figure 5. Expression levels of IL-6 and TNF-α in intracranial aneurysm mice detected by immunohistochemistry. The 
expression levels of IL-6 and TNF-α in mice with miR-21 deficiency are remarkably lower than those in mice with 
miR-21 over-expression (P < 0.05).

Figure 6. Size of intracranial aneurysm in different objects observed by EVG staining. In mice with miR-21 deficiency, 
the degrees of formation and rupture of intracranial aneurysm and the cranial arterial vascular thickness are signifi-
cantly lower than those in mice with miR-21 over-expression (P < 0.05).
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pathway in the human body. For example, stud-
ies have found that the JNK signaling pathway 
exists mainly as a pro-apoptotic kinase in the 
human body, which can participate in such pro-
cesses as the death receptor pathway, mito-
chondrial apoptosis pathway, and oxidative 
stress pathway in vivo, among which the oxida-
tive stress pathway is closely related to the 
occurrence of inflammatory response in vivo. It 
has been found in studies that oxidative stress 
can facilitate the occurrence of inflammatory 
response through promoting the production of 
inflammatory factors in the body, thereby elimi-
nating viruses and other foreign bodies. In the 
present study, it was found that the transcrip-
tion and translation levels of the key genes in 
the JNK signaling pathway (JNK1 and JNK2) 
were significantly inhibited in mice with miR-21 
deficiency, while they were significantly promot-
ed in mice with miR-21 over-expression. This 
suggests that miR-21 can regulate the JNK sig-
naling pathway in mice with intracranial aneu-
rysm. The expressions of important inflamma-
tory factors (IL-6 and TNF-α) in healthy mice 
and intracranial aneurysm mice with miR-21 
deficiency and miR-21 over-expression were 
detected. The results revealed that the expres-
sion levels of IL-6 and TNF-α were obviously 
lower in mice with miR-21 deficiency than those 
in intracranial aneurysm mice without treat-
ment, displaying significant differences (P < 
0.05), while they were obviously higher in mice 
with miR-21 over-expression than those in 
intracranial aneurysm mice without treatment, 
also displaying significant differences (P < 
0.05). The above findings suggest that miR-21 
can inhibit the expressions of related inflamma-
tory factors such as IL-6 and TNF-α through 
suppressing the JNK signaling pathway. The 
results of EVG staining showed that the vascu-
lar thickness and the degree of aneurysm rup-
ture significantly declined in intracranial aneu-
rysm mice with miR-21 deficiency but were sig-
nificantly increased in intracranial aneurysm 
mice with miR-21 over-expression. This indicat-
ed that miR-21 can accelerate the formation 
and rupture of intracranial aneurysm through 
promoting the production of inflammatory 
factors. 

Conclusion

In the present study, we demonstrated that 
miR-21 induces the production of inflamma-
tion-related factors through the JNK signaling 

pathway. This led to the formation and rupture 
of intracranial aneurysm, which provides new 
insights for the mechanism of inflammatory 
factors in the formation of intracranial an- 
eurysm.
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