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A B S T R AC T
Objective: To study the expression quantity of serum miR-146a and miR-146b in patients with
acute cerebral infarction before and after the intervention of rosuvastatin and its correlation
with toll-like receptor 2 (TLR2) and TLR4 signaling pathways.
Methods: A total of 65 patients with acute cerebral infarction treated in our hospital from
December 2015 to August 2016 were selected for prospective study. They were treated with
lipid-lowering rosuvastatin, and peripheral blood samples were collected at 8th week before
and after treatment, respectively. Serum was separated and expression quantity of miR-146a
and miR-146b and contents of TNF-α, interleukin (IL)-1β, IL-6 and IL-17 were determined.
Peripheral blood mononuclear cells were isolated and fluorescence intensities of TLR2, TLR4,
myeloid differentiation primary response gene 88 (MyD88), interleukin-1 receptor-associated
kinase 1 (IRAK-1) and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB)
were measured.
Results: At 8th week of intervention of rosuvastatin, expression quantity of serum miR-146a
[(0.762 ± 0.092) vs. (0.346 ± 0.053)] and miR-146b [(0.714 ± 0.088) vs. (0.317 ± 0.047)]
in patients with acute cerebral infarction was significantly higher than those before the
intervention. Fluorescence intensities of peripheral blood mononuclear cells such as TLR2
[(10.34 ± 1.27) vs. (16.94 ± 1.94)], TLR4 [(11.37 ± 1.54) vs. (24.35 ± 3.26)], IRAK [(9.34 ±
0.92) vs. (15.32 ± 1.82)], MyD88 [(4.42 ± 0.56) vs. (9.41 ± 1.03)] and NF-kB [(6.65 ± 0.78)
vs. (13.49 ± 1.76)] and contents of inflammatory factors such as TNF-α [(64.26 ± 8.29) μg/L
vs. (106.39 ± 13.84) μg/L], IL-1β [(37.91 ± 5.24) μg/L vs. (64.23 ± 8.33) μg/L], IL-6 [(34.28
± 4.85) ng/L vs. (82.46 ± 11.97) ng/L] and IL-17 [(56.75 ± 7.49) ng/L vs. (98.31 ± 11.36) ng/
L] of serum were all significantly lower than those before the intervention. Expression quantity
of serum miR-146a and miR-146b had a negative correlation with fluorescence intensities
of TLR2, TLR4, IRAK, MyD88 and NF-kB. Fluorescence intensities of TLR2 and TLR4 in
peripheral blood mononuclear cells had a positive correlation with contents of TNF-α, IL-1β,
IL-6 and IL-17 in serum.
Conclusions: Treatment with rosuvastatin can up-regulate the expression quantity of serum
miR-146a and miR-146b in patients with acute cerebral infarction and further inhibit the
secretion of IRAK, MyD88, NF-kB, TNF-α, IL-1β, IL-6 and IL-17 mediated by TLR2 and
TLR4.

1. Introduction
Acute cerebral infarction is a common cardiovascular and
cerebrovascular disease in China, which has high fatality rate,
disability rate and recurrence rate[1-3]. Anti-platelet, anticoagulant
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and lipid-lowering therapies are the conventional treatments of
acute cerebral infarction, which have the preventive effect on
both the occurrence and recurrence of cerebral infarction. Statins
are the conventional lipid-lowering drugs for patients with acute
cerebralinfarction. Rosuvastatin is one of the statins commonly used
in clinic, which has double lipid-lowering and anti-inflammatory
effects and inhibiting effect on both the pathological process of
atherosclerosis and activation, aggregation of blood platelet[4,5]. The
mechanism of rosuvastatin exerting the effect of lowering lipid is
selectively inhibiting the hydroxymethyl glutaric acid independently
A reductase and the endogenous synthesis of cholesterol, which
can also increase the number of low-density lipoprotein cholesterol
receptor on the surface of hepatocyte and improve the liver intake
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of low-density lipoprotein cholesterol and catabolism. However, the
specific mechanism of anti-inflammatory effect of rosuvastatin is not
completely clear at present. The secretions of various inflammatory
factors in body are all regulated and controlled by rosuvastatin, but
the specific methods of regulation and control have not yet been
illuminated.
MicroRNA (miRNA) is a newfound non-coding small molecule
RNA in recent years, with the length of 17–25 bp. It is affected by
various upstream factors and can targeted regulate the expression
of various genes, which has wide biological effects[6,7]. miR146a and miR-146b are two kinds of miRNA closely correlated
with cardiovascular and cerebrovascular diseases. There was a
research that has proved that miR-146a and miR-146b tend to show
abnormal low expression in the body of patients with various cardiacerebrovascular diseases and can affect the process of inflammatory
response[8,9]. The abnormal low expression of miR-146a and miR146b in the body of patients with acute cerebral infarction will
lead to a decrease of inhibition of TLR2 and TLR4 by miRNAs
and further up-regulate the expression of TLR2 and TLR4 and
increase the secretion of downstream inflammatory factors, by
which we can conclude that rosuvastatin may affect the secretion
of inflammatory factors mediated by TLR2 and TLR4 through
regulating the expression of miR-146a and miR-146b, which
further plays an anti-inflammatory role in the treatment process
of acute cerebral infarction. To verify the above conclusions, we
analyzed the expression quantity of serum miR-146a and miR-146b
and downstream TLR2 and TLR4 in patients with acute cerebral
infarction before and after the intervention of rosuvastatin in the
following study.

2. Materials and methods
2.1. Subjects
Patients with acute cerebral infarction treated in our hospital from
December 2015 to August 2016 were selected as study subjects
for prospective study. The inclusive criteria were as follow: (1)
diagnostic criteria of acute cerebral infarction were accordant
with the Fourth National Cerebrovascular Disease Seminars set;
(2) patients were admitted to hospital within 48 h after onset; (3)
cerebral infarction lesions were confirmed by magnetic resonance
imaging after admitting to hospital; (4) treatments with statins were
not taken for patients before 4 weeks recruited; (5) lipid-lowering
rosuvastatin therapy was taken after admitting to hospital. Patients
suffering from malignant tumor combined with serious infection
and autoimmune disease were excluded. The present study was
approved by Hospital Ethics Committees and the informed consents
were obtained from patients tested. There were 65 cases recruited
including 42 cases of male and 23 cases of female, with age of
(57.31 ± 7.48) years.
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miRNA cDNA the first strand synthesis kit (Tiangen Company,
Beijing), and then the expression quantity of miR-146a and miR146b was determined by using miRcute miRNA fluorescence
quantitative detection kit FP401; (2) lymphocyte separation medium
was added into another blood sample and then density gradient was
centrifuged. After peripheral blood mononuclear cells were isolated,
fluorescent antibodies of toll-like receptor 2 (TLR2), TLR4, myeloid
differentiation primary response gene 88 (MyD88), interleukin-1
receptor-associated kinase (IRAK) and nuclear factor kappalightchain-enhancer of activated B cells (NF-kB) were incubated,
and the fluorescence intensities of TLR2, TLR4, MyD88, IRAK
and NFkB were measured using flow cytometry; (3) the other blood
sample was kept static and then centrifuged. Serum was separated
and the contents of TNF-α, IL-1β, IL-6 and IL-17 were detected
using ELISA.

2.3. Statistical methods
Software SPSS version 19.0 was used to input and analyze data.
Measurement data were expressed using mean ± SD. Student’s t-test
was used to analyze measurement data before and after treatment.
The correlation between the two variables was tested using Pearson’s
correlation analysis. Difference had statistically significance at P <
0.05.

3. Results
3.1. Expression quantity of serum miR-146a and miR-146b
At 8th week of intervention of rosuvastatin, expression quantity of
serum miR-146a (0.762 ± 0.092 vs. 0.346 ± 0.053) and miR-146b
(0.714 ± 0.088 vs. 0.317 ± 0.047) in patients with acute cerebral
infarction was significantly higher than those before the intervention.
Difference of expression quantity of serum miR-146a and miR146b in patients with acute cerebral infarction before and after the
treatment had statistically significance (P < 0.05).

3.2. Expression quantity of TLRs in peripheral blood
mononuclear cells
At 8th week of intervention of rosuvastatin, fluorescence intensities
of TLR2 (10.34 ± 1.27 vs. 16.94 ± 1.94), TLR4 (11.37 ± 1.54
vs. 24.35 ± 3.26), IRAK (9.34 ± 0.92 vs. 15.32 ± 1.82), MyD88
(4.42 ± 0.56 vs. 9.41 ± 1.03) and NF-kB (6.65 ± 0.78 vs. 13.49 ±
1.76) in peripheral blood mononuclear cells of patients with acute
cerebral infarction were all significantly lower than those before the
intervention. Difference of fluorescence intensities of TLR2, TLR4,
MyD88, IRAK and NF-kB in peripheral blood mononuclear cells of
patients with acute cerebral infarction before and after the treatment
had statistically significance (P < 0.05).

2.2. Study methods

3.3. Contents of inflammatory factors of serum

A total of 10 mL peripheral blood sample was collected after
admitting to hospital and after receiving rosuvastatin treatment for
8 weeks, respectively, which was divided into three samples and
detected by the following methods: (1) miRNA from one of the
blood samples was extracted and inverse transcripted into cDNA by
using miRcute miRNA extraction and separation kit and miRcute

At 8th week of intervention of rosuvastatin, contents of
inflammatory factors TNF-α [(64.26 ± 8.29) μg/L vs. (106.39 ±
13.84) μg/L], IL-1β [(37.91 ± 5.24) μg/L vs. (64.23 ± 8.33) μg/
L], IL-6 [(34.28 ± 4.85) ng/L vs. (82.46 ± 11.97) ng/L] and IL-17
[(56.75 ± 7.49) ng/L vs. (98.31 ± 11.36) ng/L] of serum were all
significantly lower than those before the intervention. Difference of
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contents of inflammatory factors such as TNF-α, IL-1β, IL-6 and
IL-17 of serum in patients with acute cerebral infarction before and
after the treatment had statistically significance (P < 0.05).

3.4. Correlation analysis
Correlation analysis of expression quantity of miR-146a, miR146b and fluorescence intensities of TLR2, TLR4, MyD88, IRAK
and NF-kB was presented in Table 1. Expression quantity of
serum miR-146a and miR-146b had a negative correlation with
fluorescence intensities of TLR2, TLR4, IRAK, MyD88 and NF-kB.
Correlation analysis of fluorescence intensities of TLR2, TLR4 and
inflammatory factors such as TNF-α, IL-1β, IL-6 and IL-17 were
presented in Table 2. Fluorescence intensities of TLR2 and TLR4 in
peripheral blood mononuclear cells had a positive correlation with
contents of TNF-α, IL-1β, IL-6 and IL-17 of serum.
Table 1
Correlation of expression quantity of miR-146a, miR-146b and fluorescence
intensity of TLRs.
Fluorescence
intensities
TLR2
TLR4
MyD88
IRAK
NF-kB

miR-146a
P
Correlation
coefficient (r)
–0.671
< 0.05
–0.596
< 0.05
–0.703
< 0.05
–0.761
< 0.05
–0.642
< 0.05

miR-146b
Correlation coefficient
(r)
–0.739
–0.665
–0.715
–0.604
–0.676

P
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05

Table 2
Correlation of fluorescence intensities of TLR2, TLR4 and contents of
inflammatory factors of serum.
Inflammatory
factors
TNF-α
IL-1β
IL-6
IL-17

TLR2
Correlation
coefficient (r)
0.714
0.586
0.642
0.661

P
< 0.05
< 0.05
< 0.05
< 0.05

TLR4
Correlation coefficient
(r)
0.625
0.708
0.651
0.593

P
< 0.05
< 0.05
< 0.05
< 0.05

4. Discussion
Rosuvastatin is the secondary prevention drug commonly used
on patients with acute cerebral infarction which has lipid-lowering
and anti-inflammatory pharmacology effect. The mechanism of
rosuvastatin for lowering lipid has already been confirmed, yet the
mechanism of anti-inflammatory effect has not been illuminated.
miRNA is a kind of newfound non-coding RNA with the length
of 17–25 bp in recent years which can target towards 3’UTR
region of various genes mRNA, induce the degradation of mRNA
or inhibit the mRNA translation, and further produce a relevant
biological effect by changing the expression of genes[10]. There is
a research which has proved that the change of contents of various
miRNAs was correlative with inflammatory response in patients
with cardiovascular and cerebrovascular diseases, and miR-146a
and miR-146b tend to show a low expression in the body of patients
with various cardiovascular and cerebrovascular diseases[11-14]. To
confirm whether rosuvastatin produces anti-inflammatory effect by
regulating the expression of miR-146a and miR-146b, we firstly
compare the expression quantity of serum miR-146a and miR-146b
before and after the rosuvastatin treatment, and the results showed
that the expression quantity of serum miR-146a and miR-146b

in patients with acute cerebral infarction after the treatment was
significantly higher than those before the treatment, which indicated
that rosuvastatin has regulating effect on expression quantity of
serum miR-146a and miR-146b in patients with acute cerebral
infarction and it can produce relevant biological effect by regulating
the expression of miR-146a and miR-146b.
TLRs is a kind of pattern recognition receptor expressed by
immune cells and inflammatory cells in body. There are totally 13
classes of TLRs in the body of mammal that have been found, which
are TLR1-TLR13. In the known TLRs molecules, the expression
of TLR2 and TLR4 is regulated and controlled by miRNAs, while
the change of TLR2 and TLR4 express can regulate the process of
inflammatory response. MyD88 is mutual adapter protein in the
downstream channel of TLR2 and TLR4. When TLR2 and TLR4
are not activated, MyD88, IL-IR relative kinase (IRAK) combined
with MyD88 regulating protein-toll relevant protein. When TLR2
and TLR4 are activated, toll relevant protein separated with MyD88
and IRAK, and then the phosphorylation of IRAK will result in
the transfer of NFkB into the nuclear, which further activate the
expression of various inflammatory factors[15-18]. There was research
which reported that miR-146a and miR-146b can targeted regulate
and control the expression of TLR2 and TLR4[19,20]. To confirm
whether rosuvastatin regulates the inflammatory response mediated
by TLR2 and TLR4 by miR-146a and miR-146b, we analyzed the
expression quantity of TLRs in peripheral blood before and after the
rosuvastatin treatment and its correlation with miR-146a and miR146b. The results showed that fluorescence intensities of TLR2,
TLR4, IRAK, MyD88 and NFkB in peripheral blood mononuclear
cells of patients with acute cerebral infarction after the treatment
were all significantly lower than those before the treatment and also
had a negative correlation with expression quantity of miR-146a and
miR-146b, which indicated that rosuvastatin treatment can increase
the expression of miR-146a and miR-146b in the body of patients
with acute cerebral infarction and further inhibit the inflammatory
response by targeted inhibiting the expression of TLR2 and TLR4.
Inflammatory factors regulated and controlled by TLR2 and
TLR4 through MyD88/NF-kB include TNF-α, IL-1β, IL-6 and IL17, etc. And the inflammatory response mediated by them plays an
important role on the damage process of neurological function after
cerebral infarction[21]. TNF-α can directly cause the inflammatory
injury on neuron and gliocyte, which has also the chemotaxis of
inflammatory cell[22]. IL-1β and IL-17 have toxic effect on neuron
and gliocyte around the infarction focus, and they can lead to the
cellular damage and necrocytosis[23,24]. While IL-6 has the effect of
endogenous chemotactic factor, which can recruit the inflammatory
cells at local focus and mediate the cascade amplification of
inflammatory response[25,26]. We can sum up by analyzing the
contents of the above inflammatory factors of serum before and after
the rosuvastatin treatment that the contents of TNF-α, IL-1β, IL-6
and IL-17 of serum in patients with acute cerebral infarction after
treatment were significantly lower than those before the treatment. To
further confirm the regulation and control effect produced by TLR2
and TLR4 on inflammatory factors in the body of patients with acute
cerebral infarction, we analyzed the correlation between expression
quantity of TLR2 and TLR4 in peripheral blood mononuclear cells
and the contents of TNF-α, IL-1β, IL-6 and IL-17 of serum, and
the results showed that fluorescence intensities of TLR2 and TLR4
in peripheral blood mononuclear cells had a positive correlation
with contents of TNF-α, IL-1β, IL-6 and IL-17 of serum, which
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indicated that the up-regulation effect of rosuvastatin treatment on
the expression of miR-146a and miR-146b in the body of patients
with acute cerebral infarction can reduce the synthesis and secretion
of inflammatory factors including TNF-α, IL-1β, IL-6 and IL-17 by
inhibiting the expression of TLR2 and TLR4, which further reduces
the degree of inflammatory response in body.
In conclusion, rosuvastatin treatment can up-regulate the
expression quantity of serum miR-146a and miR146b in patients
with acute cerebral infarction and further inhibit the secretion of
IRAK, MyD88, NF-Kb, TNF-α, IL-1β, IL-6 and IL-17 mediated by
TLR2 and TLR4.

77

the maturation and differentiation of vascular smooth muscle cells by
targeting NF-κB expression. Mol Med Rep 2013; 8(2): 407-12.
[13] Chen T, Li Z, Jing T, Zhu W, Ge J, Zheng X, et al. MicroRNA-146a
regulates the maturation process and pro-inflammatory cytokine
secretion by targeting CD40L in oxLDL-stimulated dendritic cells.
FEBS Lett 2011; 585(3): 567-73.
[14] Li Z, Wang S, Zhao W, Sun Z, Yan H, Zhu J. Oxidized low-density
lipoprotein upregulates microRNA-146a via JNK and NF-κB
signaling. Mol Med Rep 2016; 13(2): 1709-16.
[15] Barakat W, Safwet N, El-Maraghy NN, Zakaria MN. Candesartan
and glycyrrhizin ameliorate ischemic brain damage through
downregulation of the TLR signaling cascade. Eur J Pharmacol 2014;

Conflict of interest statement

5(724): 43-50.
[16] Moraga A, Gómez-Vallejo V, Cuartero MI, Szczupak B, San Sebastián

The authors report no conflict of interest.

E, Markuerkiaga I, et al. Imaging the role of toll-like receptor 4 on
cell proliferation and inflammation after cerebral ischemia by positron

References

emission tomography. J Cereb Blood Flow Metab 2016; 36(4): 702-8.
[17] Ma C, Zhou W, Yan Z, Qu M, Bu X. Toll-like receptor 4 (TLR4) is

[1] Saini M, Suministrado MS, Hilal S, Dong YH, Venketasubramanian

associated with cerebral vasospasm and delayed cerebral ischemia

N, Ikram MK, et al. Prevalence and risk factors of acute incidental

in aneurysmal subarachnoid hemorrhage. Neurol Med Chir (Tokyo)

infarcts. Stroke 2015; 46(10): 2722-7.

2015; 55(12): 878-84.

[2] Kristoffersen DT, Helgeland J, Waage HP, Thalamus J, Clemens D,

[18] Wang Y, Ge P, Yang L, Wu C, Zha H, Luo T, et al. Protection of

Lindman AS, et al. Survival curves to support quality improvement

ischemic post conditioning against transient focal ischemiainduced

in hospitals with excess 30-day mortality after acute myocardial

brain damage is associated with inhibition of neuroinflammation via

infarction, cerebral stroke and hip fracture: a before–after study. BMJ

modulation of TLR2 and TLR4 pathways. J Neuroinflammation 2014;

Open 2015; 5(3): e006741.

11: 15.

[3] Li S, Sun X, Bai YM, Qin HM, Wu XM, Zhang X, et al. Infarction of

[19] C urtale G, Mirolo M, Renzi TA, Rossato M, Bazzoni F, Locati

the corpus callosum: a retrospective clinical investigation. PloS One

M. Negative regulation of toll-like receptor 4 signaling by IL-10-

2015; 10(3): e0120409.
[4] Z hang JY, Liu B, Wang YN, Zhang WN, Wang FJ. Effect of

dependent microRNA-146b. Proc Natl Acad Sci U S A 2013; 110(28):
11499-504.

rosuvastatin on OX40L and PPAR-γ expression in human umbilical

[20] Ye EA, Steinle JJ. miR-146a attenuates inflammatory pathways

vein endothelial cells and atherosclerotic cerebral infarction patients. J

mediated by TLR4/NF-κB and TNFα to protect primary human retinal

Mol Neurosci 2014; 52(2): 261-8.

microvascular endothelial cells grown in high glucose. Mediators

[5] D eguchi I, Horiuchi Y, Hayashi T, Sehara Y, Kato Y, Ohe Y, et

Inflamm 2016; 2016: 3958453.

al. Effects of rosuvastatin on serum lipids and arteriosclerosis in

[21] Hiles SA, Baker AL, de Malmanche T, McEvoy M, Boyle M, Attia

dyslipidemic patients with cerebral infarction. J Stroke Cerebrovasc

J. The role of inflammatory markers in explaining the association

Dis 2014; 23(8): 2007-11.

between depression and cardiovascular hospitalisations. J Behav Med

[6] Baglioni M, Russo F, Geraci F, Rizzo M, Rainaldi G, Pellegrini M. A
new method for discovering disease-specific MiRNA-target regulatory
networks. PLoS One 2015; 10(4): e0122473.
[7] Fuentes E, Palomo I, Alarcón M. Platelet miRNAs and cardiovascular
diseases. Life Sci 2015; 133: 29-44.

2015; 38(4): 609-19.
[22] Yukami T, Yagita Y, Sugiyama Y, Oyama N, Watanabe A, Sasaki
T, et al. Chronic elevation of tumor necrosis factor-α mediates the
impairment of leptomeningeal arteriogenesis in db/db mice. Stroke
2015; 46(6): 1657-63.

[8] Li JW, He SY, Feng ZZ, Zhao L, Jia WK, Liu P, et al. MicroRNA-

[23] Yang B, Zhao H, X B, Wang YB, Zhang J, Cao YK, et al. Influence

146b inhibition augments hypoxia-induced cardiomyocyte apoptosis.

of interleukin-1 beta gene polymorphisms on the risk of myocardial

Mol Med Rep 2015; 12(5): 6903-10.
[9] B ao MH, Xiao Y, Zhang QS, Luo HQ, Luo J, Zhao J, et al.

infarction and ischemic stroke at young age in vivo and in vitro. Int J
Clin Exp Pathol 2015; 8(11): 13806-13.

Metaanalysis of miR-146a polymorphisms association with coronary

[24] Zhang J, Mao X, Zhou T, Cheng X, Lin Y. IL-17A contributes to brain

artery diseases and ischemic stroke. Int J Mol Sci 2015; 16(7): 14305-

ischemia reperfusion injury through calpain-TRPC6 pathway in mice.

17.

Neuroscience 2014; 22(274): 419-28.

[10] K im JM, Jung KH, Chu K, Lee ST, Ban J, Moon J, et al.

[25] Kumar P, Yadav AK, Kumar A, Sagar R, Pandit AK, Prasad K.

Atherosclerosis-related circulating microRNAs as a predictor of stroke

Association between interleukin-6 (G174C and G572C) promoter

recurrence. Transl Stroke Res 2015; 6(3): 191-7.

gene polymorphisms and risk of ischaemic stroke: a meta-analysis.

[11] Mondadori dos Santos A, Metzinger L, Haddad O, M’bayaMoutoula

Ann Neurosci 2015; 22(2): 61-9.

E, Taïbi F, Charnaux N, et al. miR-126 is involved in vascular

[26] Tang YH, Vital S, Russell J, Seifert H, Granger DN. Interleukin-6

remodeling under laminar shear stress. Biomed Res Int 2015; 2015:

mediates enhanced thrombus development in cerebral arterioles

497280.

following a brief period of focal brain ischemia. Exp Neurol 2015;

[12] Dong S, Xiong W, Yuan J, Li J, Liu J, Xu X. MiRNA-146a regulates

271: 351-7.

