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Abstract. The present study aimed to ascertain the poten-
tial roles and mechanisms of action of micro (mi)RNA‑22 
in ischemic stroke. The results indicated that miRNA‑22 
expression was downregulated in ischemic stroke rats model, 
compared with a control group. The downregulation of 
miRNA‑22 upregulated the expression of inflammatory factors 
[including tumor necrosis factor‑α, interleukin (IL)‑1β, IL‑6 
and IL‑18]. It could also induce the expression of macrophage 
inflammatory protein (MIP‑2), prostaglandin E2  (PGE2), 
cyclooxygenase‑2 (COX‑2) and inducible NO synthase 
(iNOS) in the in vitro model. By contrast, the overexpression 
of miRNA‑22 downregulated the expression of inflamma-
tory factors, and suppressed the expression of MIP‑2, PGE2, 
COX‑2 and iNOS in the in vitro model. The downregulation 
of miRNA‑22 induced the protein expression of nuclear factor 
(NF)‑κB and phosphorylated‑p38 (p‑p38) mitogen‑activated 
protein kinase (MAPK) in the in vitro model. By comparison, 
the overexpression of miRNA‑22 suppressed the protein 
expression of NF‑κB and p‑p38 in the in vitro model. Typically, 
LY2228820, the p38 inhibitor (3  nM) would mitigate the 
pro‑inflammatory effects of anti‑miRNA‑22 in the in vitro 
model. These results suggested that miRNA‑22 can alleviate 
ischemic stroke‑induced inflammation in rats model or vitro 
model through p38 MAPK/NF‑κB pathway suppression.

Introduction

Acute ischemic stroke refers to a brain blood circulation 
disorder, cerebral blood flow reduction, brain tissue ischemia, 
anoxic necrosis (1‑3). In recent years, the incidence of acute 

ischemic stroke has shown a steadily increasing trend (2) and 
it has become a major disease and threat to human health with 
high incidence, disability rate and fatality rate (3).

Ischemic stroke is the second major factor leading to 
mortality and disability in patients. Specifically, 20‑50% 
patients will succumb or suffer from despite receiving treat-
ment within one month following a stroke  (4). With the 
development of modern medical science, intensive studies on 
the mechanism of ischemic stroke have been performed at the 
cellular and molecular levels (5). In recent years, increasing 
theoretical and clinical studies have indicated that the genesis 
and development of the inflammatory reaction involved in 
ischemic stroke may be used for risk assessment and diagnosis 
for ischemic stroke at different stages (6).

The inflammatory response is a physiological reaction 
to repair damaged brain tissue, so as to protect the central 
nervous system (7,8). Typically, infiltration of a large number 
of inflammatory factors and cells can be observed within the 
damaged area (7). However, overexpression of these factors 
will induce secondary brain injury, and will further participate 
in the development of cognitive decline. Studies have shown 
that cognitive decline in stroke patients may be associated with 
the inflammatory mechanisms (7,8).

There are three types of nitric oxide synthases (NOS) in 
humans; endothelial NOS (eNOS), neuronal NOS  (nNOS) 
and inducible NOS (iNOS). All can catalyze arginine (Arg) 
to synthesize NO (9). Under physiological conditions, NO 
content in the brain tissue is low and mainly catalyzed by 
nNOS (10,11). NO is involved in in the signal transduction 
and synaptic plasticity of the nervous system. However, 
under pathological conditions, including cerebral infarction, 
cerebral hemorrhage, brain injury and epilepsy (9), brain tissue 
generates a large amount of NO, which inhibits the activity 
of neuronal mitochondrial cytochrome oxidase. As a result, 
the synthesis of ATP is reduced, leading to excessive neuronal 
depolarization (11).

Previous studies have suggested that the p38 mitogen‑acti-
vated protein kinase (MAPK) activity is of vital importance 
to normal immune and inflammatory reactions  (12,13). It 
is involved in in the functional reactions of macrophages 
and phagocytic neutrophils, including chemotaxis, granule 
exocytosis, adherence and apoptosis. In addition, it promotes 
the differentiation and apoptosis of T cells (12). A previous 
study indicated that p38 MAPK is involved in in the early 
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identification of cells, while blocking the p38 MAPK signaling 
pathway can inhibit the inflammatory response (13). In addi-
tion, a previous study has also suggested that inflammation 
serves a crucial role in cardiovascular and cerebrovascular 
diseases, particularly in the pathological and physiological 
evolution process of cerebral ischemia (14). A previous study 
also confirmed that p38 MAPK is involved in the inflammatory 
response of CIBI, which was supported by the observation that 
p38 MAPK protein expression is upregulated in macrophages 
at the core area of cerebral ischemia (13).

Micro(mi)RNAs exist in the genome in multiple forms, 
including single copy, multicopy or gene clusters (15), and a 
majority of them locate in the intergenic region. miRNA tran-
scription is independent of other genes (15). Of note, miRNA 
is not translated into protein; instead, it serves multiple regu-
latory roles during the metabolic processes in vivo. miRNA 
allows for fine control over the time‑sequence expression of 
genes (16). It serves a key regulatory role in the development 
and maturation of the central nervous system in addition 
to multiple neurophysiological processes  (16). In addition, 
it is suggested in a recent study that there are differentially 
expressed miRNAs in the peripheral plasma in patients 
with acute ischemic stroke within 24 h of onset (17). These 
differentially expressed miRNAs may be associated with 
ischemia‑hypoxia stress, blood brain barrier disruption and 
early reperfusion injury during early ischemic stroke (17). 
Alternatively, they may serve as novel therapeutic guidelines 
and targets for the intervention in early ischemic stroke. 
Jovicic et al  (18) demonstrated that the overexpression of 
miRNA‑22 had neuroprotective effects. The present study 
investigated the possible roles and mechanisms of action of 
miRNA‑22 in ischemic stroke.

Materials and methods

Animal grouping and drug administration. Animal care and 
the general protocols for animal use were approved by the 
Institutional Animal Care and Use Committee of Shandong 
Jining No.1 People's Hospital. Adult male Sprague‑Dawley (SD) 
rats (n=16; 220‑240 g, 8‑10 week) were purchased form Animal 
experiment center of Shandong University (Shandong, China) 
and kept at 22‑24˚C, 45‑55% relative humidity, and in a 12 h 
light/dark cycle, with free access to water and food. All SD rats 
were randomly assigned to a sham group (n=6) and a stroke 
model group (n=10). Prior to experimental surgery, the rats 
were fasted and then anaesthetized with 35 mg/kg pentobarbital 
sodium (intraperitoneal). Rats were placed in the supine posi-
tion and then hair was removed at the neck. The external carotid 
artery, right common carotid artery, internal carotid artery and 
the pterygopalatine artery were separated and exposed at the 
inner edge of sternocleidomastoid. Then, the external carotid 
and the pterygopalatine arteries were ligated at 1 cm distal and 
the right common carotid artery was occluded with aneurysm 
clips. A small incision was made in external carotid artery from 
ligation at the proximal end and the external carotid artery 
was pulled at proximal end with the internal carotid artery. A 
nylon filament silicone resin‑coated tip (220 µm x 4 mm) was 
inserted into the internal carotid artery and the filament was 
removed after 2 h for the induction of ischemia. The artery was 
ligated and the wound sutured and sterilized.

Total RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA from the 
brain samples or cell samples was extracted using TRIzol 
reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
Then, 1 µg RNA was reverse transcribed using a commercial 
cDNA synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.) 
at 42˚C for 1 h and 85˚C for 5 min. RTqPCR was performed in 
an ABI Prism 7500 system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) using SYBR Premix Ex Taq II (Thermo Fisher 
Scientific, Inc.). qPCR was as follows: 50˚C for 10 min, 95˚C for 
10 min, and 40 cycles of 95˚C for 30 sec, 60˚C for 30 sec, and 
72˚C for 30 sec. The primers sequences were: miR‑22 forward, 
5'‑TGCGCAGTTCTTCAGTGGCAAG‑3' and reverse, 5'‑CCA​
GTG​CAG​GGT​CCG​AGG​TAT​T‑3'; U6 forward, 5'‑CGC​TTC​
GGC​AGC​ACA​TAT​AC‑3' and reverse, 5'‑AAA​TAT​GGA​ACG​
CTT​CAC​GA‑3'. The relative expression of miRNA‑22 was 
calculated based on the 2‑ΔΔCq method (19).

Gene microarray hybridization. Total mRNA was hybridized 
into the SurePrint G3 Mouse Whole Genome GE 8x60 K 
Microarray G4852A platform (Agilent Technologies, 
Inc., Santa Clara, CA, USA). Images were quantified and 
feature‑extracted using Agilent Feature Extraction Software 
(version A.10.7.3.1; Agilent Technologies, Inc.).

ELISA. All rats were anaesthetized with 35 mg/kg pentobarbital 
sodium, peripheral blood was collected and then centrifuged 
at 1,000 g x 10 min at 4˚C to obtain serum. Serum was incu-
bated with tumor necrosis factor (TNF)‑α, interleukin (IL)‑1β, 
IL‑6, IL‑18, MIP‑2, PGE2 (all Elabscience Biotechnology Co. 
Ltd., Wuhan, China), caspase‑3 (C1115, Beyotime Institute 
of Biotechnology, Nanjing China) and caspase‑9 (C1158, 
Beyotime Institute of Biotechnology) commercial ELISA kits.

Histological examination. The hippocampus was fixed with 
4% paraformaldehyde for 24 h at room temperature. Tissue 
samples were paraffinembedded and sectioned at 5 µm. Tissue 
samples were stained with hematoxylin and eosin for 15 min 
at room temperature and examined a Zeiss Axioplan 2 (Carl 
Zeiss AG, Oberkochen, Germany; magnification, x50).

Cell culture and transfection. PC12 cells (a rat pheochro-
mocytoma cell line) were acquired from Shanghai cell bank 
(Chinese academy of sciences) and cultured in Dulbecco's 
modified Eagle's medium (DMEM, Gibco; Thermo Fisher 
Scientific, Inc.) and 10% heat‑inactivated fetal bovine 
serum (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C with 
5% CO2. miRNA‑22, anti‑miRNA‑22 and negative mimic 
were purchased from Sangon Biotech Co., Ltd. (Shanghai, 
China). 100  ng of miRNA‑22 (forward 5'‑CTC​AAC​TGG​
TGT​CGT​GGA​GTC​GG‑3' and reverse 5'‑CAA​TTC​AGT​
TGA​GAC​AGT​TCT‑3'), 100 ng of anti‑miRNA‑22 (5'‑ACC​
TGG​CTG​AGC​CGC​AGT​AG‑3' and 5'‑CCC​TCT​GCC​CCT​
GGC‑3'), and 100 ng of negative mimics (forward 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3' and reverse 5'‑ACG​UGA​
CAC​GUU​CGG​AGA​ATT‑3') were transfected into cells with 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. Following 
transfection for 24, 48  and  72  h, the cells were induced 
into an oxygen glucose deprivation (OGD) model (20), and 
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cultured in neurobasal medium without glucose in a humidi-
fied incubator filled with an anoxic gas mixture (5% CO2 and 
93.5% N2) at 37˚C for 2 h. Following transfection for 24 h, 
the cells were treated with p38 inhibitor (LY2228820; 3 nM; 
MedChemExpress LLC, Shanghai, China) for 24 h and were 
induced for the OGD model.

Luciferase reporter assay. The amplified PCR products 
of p38  MAPK (5'‑TAA​CAA​AAT​GGC​TGA​AAT​GA‑3' 
and 5'‑TGA​AAA​TTC​CTT​AAA​GAC​GA‑3'), the predicted 
miRNA‑22 targeting regions (www.targetscan.org), were 
inserted into the pMIR‑REPORT plasmid (Ambion; Thermo 
Fisher Scientific, Inc.). Then, 100 ng of p38 MAPK plasmid 
and anti‑miRNA‑22 or negative mimics were transfected into 
PC12 cells using Lipofectamine® 2000 according to the manu-
facturer's protocol. Cells were the assayed using a luciferase 
assay kit (Promega Corporation, Madison, WI, USA) at 24 h 
after transfection according to the manufacturer's protocols. 
The method of normalization was Renilla luciferase activity.

Western blot analysis. Following treatment with miRNA‑22, 
the rats were anaesthetized with chloral hydrate (400 mg/kg) 
and brains of all groups were rapidly removed from the skull, 
washed in ice‑cold saline and stored at ‑80˚C. Brain tissue 
was homogenized using RIPA buffer (Beyotime Institute of 
Biotechnology) and centrifuged at 10,000 x g for 10 min at 4˚C. 
The protein concentration was measured using the bicincho-
ninic acid method, and 50 µg protein was electrophoresed 
with 8‑10% Tris‑glycine SDS‑PAGE. Then, the protein was 
transcribed onto a polyvinylidene fluoride membrane (EMD 
Millipore, Billerica, MA, USA) and blocked with 5% skimmed 
milk in tris‑buffered saline containing 0.1% Tween‑20 at 37˚C 
for 1  h. The membrane was incubated with anti‑COX‑2 
(cat.  no.  12282, 1:1,000; Cell Signaling Technology, Inc., 
Danvers, MA, USA), anti‑iNOS (cat. no. 13120, 1:2,000; Cell 
Signaling Technology, Inc.), anti‑ NF‑κB (cat. no. 8242, 1:1,000; 
Cell Signaling Technology, Inc.), anti‑phosphorylated‑(p)‑p38 

(cat.  no.  4511, 1:2,000; Cell Signaling Technology, Inc.) 
and anti‑GADPH (cat.  no.  5174, 1:5,000, Cell Signaling 
Technology, Inc.), which were incubated overnight at 4˚C. The 
membrane was incubated with horseradish peroxidase‑conju-
gated anti‑mouse secondary antibody IgG (cat.  no.  7074, 
1:5,000, Cell Signaling Technology, Inc.) at 37˚C for 1 h and 
then developed by enhanced chemiluminescence (Pierce; 
Thermo Fisher Scientific, Inc.). Protein expression was calcu-
lated using Bio‑Rad Image Lab version 3.0 software (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA).

Immunofluorescence analysis. Cells were washed with PBS 
and fixed with 4% paraformaldehyde for 15 min at room 
temperature. Then they were incubated with 0.25% TrisX100 
and 5% BSA in PBS for 1 h at room temperature and then 
incubated with p‑p38 (cat. no. 4511, 1:100; Cell Signaling 
Technology, Inc.) at 4˚C overnight. Cells were stained with 
donkey anti‑rabbit IgG‑CFL 555 (sc‑362271; 1:100; Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) and stained with 
DAPI assay (Beyotime Institute of Biotechnology) for 15 min 
in the dark. Cells were washed with PBST for 15 min and 
selected at room temperature using a Zeiss Axioplan 2 (Carl 
Zeiss AG).

Statistical analysis. All data were expressed as the 
mean ± standard error of mean (Repeats=3). Differences in the 
parameters were analyzed using one‑way analysis of variance 
followed by Tukey's post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miRNA‑22 expression in ischemic stroke rats. It was identified 
that the neurological score was increased in stroke rats treated 
with miRNA‑22 acetate compared with the control group 
(Fig. 1A). Next, the changes of miRNA‑22 expression were 
measured using microarray and qPCR. The results indicated 

Figure 1. The expression of miRNA‑22 in ischemic stroke rats. (A) Hematoxylin and eosin staining of neurocytes. (B) Representative microarray analysis and 
(C) quantitative polymerase chain reaction analysis of miRNA‑22 expression. ##P<0.01 vs. normal rat group. Magnification, x50. Normal, control normal rat 
group; Ischemic stroke, ischemic stroke rat group; miRNA, microRNA.
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that miRNA‑22 expression was downregulated in ischemic 
stroke rats, compared with the control group (Fig. 1B and C).

Downregulation of miRNA‑22 upregulates the inflammatory 
factors in vitro. To examine the function of miRNA‑22 in the 
ischemic stroke model in vitro, anti‑miRNA‑22 mimics were 
used, which downregulated miRNA‑22 expression in the isch-
emic stroke model compared with the control group (Fig. 2A). 
In addition, downregulation of miRNA‑22 increased the 
expression of TNF‑α, IL‑1β, IL‑6, IL‑18, MIP‑2 and PGE2 in 
the ischemic stroke model in vitro, compared with the control 
group (Fig. 2B).

Overexpression of miRNA‑22 reduces inflammatory factor 
expression in  vitro. miRNA‑22 expression in the in  vitro 
ischemic stroke model was successfully upregulated using 
miRNA‑22 mimics, compared with control negative group 
(Fig. 3A). The overexpression of miRNA‑22 decreased the 
expression levels of TNF‑α, IL‑1β, IL‑6, IL‑18, MIP‑2 and 
PGE2 in the ischemic stroke model in vitro, compared with 
the control group (Fig. 3B).

miRNA‑22 regulates the p38 MAPK/NF‑κB pathways in the 
in vitro ischemic stroke model. To investigate the mechanism 

of action of miRNA‑22 against stroke, the potential miRNA‑22 
binding sites in the 3'‑untranslated region (3'‑UTR) of 
p38 MAPK were identified (Fig. 4A) and a luciferase reporter 
assay was performed. Co‑transfection of PC12 cells with 
anti‑miR‑122 and the wild‑type p38/MAPK 3‑UTR sequence 
resulted in an increase in luciferase activity when compared 
with the mutant 3'‑UTR sequence, indicating that miR‑122 
may target p38 MAPK and regulate its expression (Fig. 4B). 
Results of immunofluorescence demonstrated that the down-
regulation of miRNA‑22 could induce the protein expression 
of p‑p38 MAPK in the model in vitro, compared with the 
control group (Fig. 4C). Additionally, the downregulation 
of miRNA‑22 upregulated the protein expression of p‑p38, 
NF‑κB, COX‑2 and iNOS in the in vitro model, compared 
with the control group (Fig. 4D). By comparison, overexpres-
sion of miRNA‑22 suppressed the protein expression of p‑p38, 
NF‑κB, COX‑2 and iNOS in model in vitro, compared with the 
control group (Fig. 5).

p38 inhibitor reduces the pro‑inflammatory effects of 
anti‑miRNA‑22 in the in  vitro ischemic stroke model. To 
further investigate the role of p38 in the pro‑inflamma-
tory effects of anti‑miRNA‑22 on stroke, p38 inhibitor 
(LY2228820; 3 nM ) was used in the in vitro ischemic stroke 

Figure 2. Downregulation of miRNA‑22 increases inflammatory factor expression in the in vitro stroke model. (A) miRNA‑22 expression and levels of 
(B) TNF‑α, IL‑1β, IL‑6, IL‑18, MIP‑2 and PGE2. ##P<0.01 vs. control group. miRNA‑22, microRNA‑22; Anti‑22, downregulation of miRNA‑22 group; 
TNF, tumor necrosis factor; IL, interleukin; MIP, macrophage inflammatory protein; PGE2, prostaglandin E2.
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model by anti‑miRNA‑22. As shown in Fig. 6, p38 inhibitor 
suppressed the protein expression of p‑p38, NF‑κB, COX‑2 
and iNOS in vitro by anti‑miRNA‑22, compared with the 
anti‑miRNA‑22 group. Furthermore, p38 inhibitor also 
reduced the pro‑inflammatory effects of anti‑miRNA‑22 on 
the levels of TNF‑α, IL‑1β, IL‑6, IL‑18, MIP‑2 and PGE2 in 
model in vitro, compared with the anti‑miRNA‑22 only group 
(Fig. 7).

Discussion

Stroke is one of the commonest frequently‑occurring diseases 
at present, with high mortality and disability rate. Fortunately, 
the survival rate of patients has been improved with the devel-
opment of medical technology (20). However, the disability 
rate has also increased accordingly. Cognitive dysfunction 
often follows a stoke, and a clinical report has suggested it 
occurs in 50‑75% of patients (4). The present study first exam-
ined how miRNA‑22 expression is downregulated in ischemic 
stroke rats, compared with a control group. Jovicic et al (18) 
demonstrated that miRNA‑22 overexpression exhibited a 
neuroprotective effect in a rat and a cell model, this served a 
basis for the present study.

Following a stroke, inflammatory cells, including CNS 
astrocytes, microglial cells, peripheral neutrophil and T cells, 
are activated (21). The activation and infiltration of these 
inflammatory cells can further induce the release of inflam-
matory cytokines and chemokines, including IL‑1β, TNF‑α, 
MIP‑1 and monocyte chemoattractant protein  (22,23). A 
clinical study indicated that inflammatory reaction is closely 
associated with brain injury and functional recovery in 
patients with ischemic stroke (24). Consequently, the key links 
and concrete mechanism of post‑stroke inflammatory reaction 
is essential for the treatment and prognosis of strokes (23). 
In the current study, it was demonstrated that miRNA‑22 
reduced TNF‑α, IL‑1β, IL‑6 and IL‑18 expression, and 
inhibited MIP‑2 and PGE2 expression in the stroke model. 
Yang et al (23) suggested that miRNA‑22 served an important 
cardioprotective role, and could partly reduce cell apoptosis 
and inflammatory damage in myocardial ischemia/reperfu-
sion injury. These results were consistent with those of the 
present study, which demonstrated that miRNA‑22 reduced 
inflammation in stroke.

COX‑2, a rate‑limiting enzyme that can transform arachi-
donic acid to prostaglandin (9), is an important mediator in 
the stroke‑induced inflammation cascade reaction: PGE2, 

Figure 3. Overexpression of miRNA‑22 reduces inflammatory factor expression in the in vitro stroke model. (A) miRNA‑22 expression was successfully 
increased by mimics. (B) Expression of TNF‑α, IL‑1β, IL‑6, IL‑18, MIP‑2 and PGE2 was determined by ELISA. ##P<0.01 vs. control group. Control, miRNA‑22, 
overexpression of microRNA‑22 group; TNF, tumor necrosis factor; IL, interleukin; MIP, macrophage inflammatory protein; PGE2, prostaglandin E2.
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an efficient pro‑inflammatory mediator, together with other 
inflammatory mediators, are generated (25). Subsequently, 
microglial cells can be activated to form an inflammatory 
positive feedback loop (26). iNOS is another reactive enzyme 
in inflammation, the expression of which is associated with 
neuron damage. It can consistently catalyze a large amount of 
nitric oxide with potential neurotoxicity (26). These finding 

suggests that miRNA‑22 can suppress the protein expression 
of COX‑2 and iNOS in stroke. Furthermore, Fan et al (27) 
revealed that miRNA‑22 could downregulate the mRNA 
expression of MMP‑3, iNOS and Cox‑2 in a rheumatoid 
arthritis rat model, which is consistent with the results of the 
present study, which demonstrated that miRNA‑22 inhibited 
COX‑2 and iNOS in stroke.

Figure 4. Downregulation of miRNA‑22 regulates p38 MAPK/NF‑κB signaling in the in vitro stroke model. (A) The potential microRNA‑22 binding sites in 
the 3'‑untranslated region (3'UTR) of p38 MAPK. (B) Luciferase activity levels. (C) Immunofluorescence for p‑p38 protein expression (magnification, x100). 
(D) p‑p38, NF‑κB, COX‑2 and iNOS protein expression was examined by western blotting and quantified. ##P<0.01 vs. control negative group. miRNA‑22, 
microRNA‑22; Anti‑22, downregulation of miRNA‑22 group; MAPK, mitogen‑activated protein kinase; NF, nuclear factor; p‑, phosphorylated; COX, cyclo-
oxygenase; iNOS, inducible NO synthase.
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Figure 6. p38 inhibitor reduces the proinflammatory effects of Anti‑22 in model in vitro. p‑p38, NF‑κB, COX‑2 and iNOS protein expression was determined 
by western blotting and statistically analyzed. ##P<0.01 vs. control negative group, **P<0.01 vs. downregulation of miRNA‑22 group. Anti‑22, downregulation 
of miRNA‑22 group; Anti‑22+p38 i, downregulation of miRNA‑22 and p38 inhibitor group; p‑, phosphorylated; NF, nuclear factor; COX, cyclooxygenase; 
iNOS, inducible NO synthase.

Figure 5. Overexpression of miRNA‑22 regulates p38 MAPK/NF‑κB signaling in the in vitro stroke model. p‑p38, NF‑κB, COX‑2 and iNOS protein expression 
was determined by western blotting and statistically analyzed. ##P<0.01 vs. control negative group. Control, control negative group; miRNA‑22, overexpres-
sion of microRNA‑22 group; MAPK, mitogen‑activated protein kinase; NF, nuclear factor; p‑, phosphorylated; COX, cyclooxygenase; iNOS, inducible NO 
synthase.
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A previous study have suggested that the p38  MAPK 
pathway can activate NF‑κB cell apoptosis. Typically, the 
p38 MAPK pathway serves an essential role not only in cell 
apoptosis, but also in a variety of pathological processes, 
including inflammation, cell stress, cell cycle and growth (28). 
In addition, the p38 MAPK pathway can be activated by a 
variety of physical, chemical and inflammatory factors, stress 
stimulation and gram‑positive bacterial cell wall components. 
Additionally, it has been identified as serving an important role 
in inflammation and stress reaction (29). On the other hand, 
the pathway can be activated by cerebral ischemia/reperfu-
sion, as identified in certain studies (13,25). The influence 

of the central nervous system following activation mainly 
presents negative regulation, which is achieved through 
mediating a variety of inflammatory and pathogenic factors. 
This will cause damage to the plasticity of hippocampal 
synapses (30). A number of studies have confirmed that the 
inflammatory factors TNF‑α and IL‑1β, are associated with 
the central nervous system (13,30). In the meantime, ischemia 
exerts essential effects on tissue damage, rehabilitation and 
immune reaction process (18). These inflammatory factors 
exhibit toxic effects on neurons and can cause neuron apop-
tosis and necrosis, promote neuron damage, directly damage 
the plasticity of hippocampal synapses and lead to long‑term 
potentiation decay (31). Furthermore, the present study demon-
strated that miRNA‑22 suppressed the protein expression of 
p‑p38 and NF‑κB in a stroke model. Liang et al (32) suggested 
that miRNA‑22 impairs the antitumor ability of dendritic cells 
by targeting p38. The present study only identified the func-
tion of p38 in adjusting inflammation, however, the effects of 
p38 could also regulate cell apoptosis, which requires further 
study.

In conclusion, the present study demonstrated that 
miRNA‑22 alleviated ischemic stroke‑induced inflammation 
in rats and thus inhibited the expression of MIP‑2, PGE2, 
COX‑2 and iNOS by inhibiting the p38  MAPK/NF‑κB 
pathways (Fig. 8). These results are beneficial for the devel-
opment of miRNA‑22 as a therapy for the prevention and 
treatment of ischemic stroke, based on its anti‑inflammatory 
effects.

Figure 7. p38 inhibitor reduces the proinflammatory effects of Anti‑22 in the in vitro stroke model. TNF‑α, IL‑1β, IL‑6, IL‑18, MIP‑2 and PGE2 expression 
was determined by ELISA. ##P<0.01 compared with control group, **P<0.01 compared with downregulation of microRNA‑22 group. Anti‑22, downregulation 
of microRNA‑22 group; Anti‑22+p38 i, downregulation of miRNA‑22 and p38 inhibitor group; TNF, tumor necrosis factor; IL, interleukin; MIP, macrophage 
inflammatory protein; PGE2, prostaglandin E2.

Figure 8. MicroRNA‑22 alleviates inflammation in ischemic stroke via 
p38 MAPK pathways. MAPK, mitogen‑activated protein kinase; p, phos-
phorylated NF, nuclear factor.
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