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Abstract: Background: A secondary inflammatory response is the most important mechanism of injury after intra-
cerebral hemorrhage (ICH). Previous studies found microRNAs (miRs) expressed abnormally in the perihematomal 
tissue and blood of patients with ICH and demonstrated that miRs were related to pathophysiological changes 
and prognosis after ICH, and the development of inflammation. Methods: We induced a microglial inflammatory 
response by lipopolysaccharide (LPS) to construct a microglial inflammatory model. MiR-21/miR-146a overexpres-
sion adenovirus was used to infect microglia to increase miR-21/miR-146a expression. MiR-21, miR-146a, IRAK1, 
MMP-9, TNF-α, TIMP3 and other inflammatory factors were analyzed. Then, miR-21/miR-146a overexpression ad-
enovirus was injected into rats with ICH to modulate the expression. Inflammation, brain edema, and neurological 
scores were assessed. Results: For in vitro and vivo experiments, overexpression of miR-21/miR-146a decreased 
the expression of IL-1β, IL-6, IL-8, IRAK1, MMP-9 and TNF-α, meanwhile increased the expression of TIMP3 sig-
nificantly (P<0.001), compared with the negative control group. Additionally, miR-21 and miR-146a reduced brain 
edema and improved the neurological function in ICH rats. Conclusion: Our study proved that miR-21 and miR-146a 
could negatively regulate the inflammatory response of microglia after ICH and provided a new theoretical basis for 
the treatment of secondary inflammatory injury after ICH in humans.
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Introduction

As a subtype of stroke, intracerebral hemor-
rhage (ICH) harm to human health is serious, 
characterized by high incidence, mortality and 
disability. The brain damage caused by ICH, 
includes primary hematoma compression and 
secondary injury which result from hematoma 
decomposition products. Studies have demon-
strated that secondary injury after ICH is the 
critical factor in the prognosis of patients with 
ICH. The mechanism of secondary injury after 
ICH is complicated, including acute inflamma-
tory reaction, local free oxygen release, edema 
effect, apoptosis, and autophagy. Secondary 
inflammation is considered to be the most 
important mechanism of secondary injury after 
ICH [1, 2], but the detail of its mechanism of 
action has not been clearly known.

Microglia play an important role in the initial 
inflammatory response after spontaneous ICH. 

As an important inflammatory effector cell in 
the nerve system, microglia are activated first, 
after ICH, and release a series of inflammatory 
mediators and biological activity factors: such 
as TNF-α, IL-1β, IL-6, IL-8, and so on, through 
the process of cell morphological and physio-
logical changes, which lead to occurrence of an 
inflammatory response after ICH and result in 
further secondary injury [2, 3]. 

MicroRNAs (miRNAs, miRs) are a group of small 
non-coding RNAs with a length of 18-25 nucleo-
tides, that can accumulate in cells and down-
regulate the expression of target genes, by bin- 
ding the special sequence on the 3’ untrans-
lated region (3’UTR) of mRNA, and have the 
effect of regulating gene transcription [4]. miRs 
play a very important role in maintaining the 
biological activity of cells. Studies showed that 
miRs are expressed abnormally in perihemato-
mal tissue and blood of patients with ICH and 
relate to pathophysiological changes and prog-
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nosis after ICH, and the development of inflam-
mation [5, 6]. Literature review disclosed two 
miRs, miR-21 and mi-146a, that have an anti-
inflammatory effect in some diseases. MiR-21 
can regulate the Akt and/or ERK/MAPK path-
ways [7] and can also negatively regulate the 
expression of Toll-like 4 receptor (TLR4) to regu-
late inflammatory responses [8]. MiR-146a tar-
gets 3’UTRs of interleukin 1 receptor associat-
ed kinase-1 (IRKA1) and TNF receptor associ-
ated factor 6 (TRAF6) to suppress NF-κB path-
way [9] and can regulate inflammatory infiltra-
tion by targeting TRAF6 and affecting IL-17/
Intercellular Adhesion Molecule 1 (ICAM-1) pa- 
thway [10]. However, their anti-inflammatory ef- 
fect after ICH has not been well studied. 

In the present study, we report that miR-21  
and miR-146a negatively regulated the inflam-
matory response of microglia and diminished 
cell death after ICH. These results indicate that 
miR-21 and miR-146a are novel inflammatory 
regulators and potential therapy for ICH. 

Materials and methods

Microglial culture and treatment

Primary microglial cells were prepared from 
neonatal Sprague-Dawley (SD) rats (less than 
24 h old), according to standard protocols [11], 
with minor modifications. Briefly, after removal 
of the meninges, choroid plexus, brainstem and 
cerebellum, the cortices of the cerebral he- 
mispheres were digested by 0.25% trypsin/ 
0.002% EDTA (10 min, 37°C), mechanically dis-
sociated, and centrifuged at 1000× g for 10 
min. The supernatant was discarded, and the 
cell were cultured in DMEM medium supple-
mented with 10% fetal bovine serum both  
from GIBCO-Invitrogen (Grand Island, NY, USA) 
and 1% penicillin & streptomycin (Sigma, St- 
Louis, MO, USA). Cells were maintained at 37°C 
in a humidified atmosphere consisting of 5% 
CO2 and 95% air. The microglia cell purity was 
more than 90% as determined by immuno- 
histochemistry test, using CD11b antibody 
(Santa Cruz USA). 

Cells were treated with lipopolysaccharide 
(LPS, Sigma-Aldrich, Saint Louis, MO, USA) with 
different concentrations (1 ng/ml, 5 ng/ml, 10 
ng/ml, and 100 ng/ml), and maintained at 
37°C in a humidified atmosphere consisting of 
5% CO2 and 95% air for 12 h or 24 h.

Adenovirus and adenovirus infection

miR-146a-5p and miR-21-5p over-expression 
adenovirus and negative control adenovirus 
were purchased from the Shanghai R&S Bio- 
technology Co., Ltd. The adenovirus vector 
(pAd/CMV/V5-DEST) of miR-146a-5p or miR-
21-5p was co-transfected into human embry-
onic kidney 293T cells, according to standard 
protocols [12]. The supernatant was collected 
at 48 h after transfection, and fresh medium 
was added to the culture flask. After the cells 
were cultured for another 24 h, the superna- 
tant was collected again. The mixture of the 
supernatants collected from 48 and 72 h was 
centrifuged at 2500× g for 15 min at 4°C, then 
the liquid was filtered by a 0.45-µm filter mem-
brane, and the acquired virus was stored at 
-80°C until use. The titers of the adenovirus 
were 1010 PFU/ml.

Microglial cells were seeded into 12-well plates 
(2×105 cells/well) one day before adenovirus 
infection. The next day, adenovirus was add- 
ed into wells with a multiplicity of infection 
(MOI) of 50 to infect cells. The infection effi-
ciency was detected by fluorescence microsco-
py analysis of GFP at 48 h after infection and 
the efficiency was ensured higher than 90%.

Intracerebral hemorrhage model

Male SD rats (weighing 280-320 g) were anes-
thetized with pentobarbital (45 mg/kg) intra-
peritoneally. A feedback-controlled heating pad 
was used for maintaining core temperature at 
37°C. The right femoral artery was catheterized 
for whole blood collection, continuous blood 
pressure and blood gas monitoring. The rats 
were positional in a stereotactic frame Model 
500, Kopf Instruments, Tujunga, CA, USA and a 
cranial burr hole (1 mm) was drilled in the right 
coronal suture (coordinates 0.2 mm anterior, 
5.5 mm ventral, 3.5 mm lateral to the bregma). 
Either 100 µL autologous blood and 10 µL ade-
novirus (miR-146a-5p, miR-21-5p over-expres-
sion adenovirus or negative control adenovirus, 
1×1010 PFU/ml) (as a model of ICH treated  
with miRNA) or 100 µL autologous blood (as a 
model of control) into the right basal ganglia. 
After injection, the needle was removed and 
the skin incision sutured closed [13]. The ani-
mal ethics committee of the First Affiliated hos-
pital, Zhejiang University, School of Medicine 
approved the protocol for this study and all  
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animal experiments were performed in accor-
dance with National Research Council guide for 
the care and use of laboratory animal.

Rats were divided into five groups. Rats re- 
ceived only intracerebral needle insertion in 
Sham group orhad intracerebral infusion of 
100 µL autologous blood in Control group, or 
infusion of 100 µL autologous blood and 10 µL 
adenovirus (miR-21-OE group received miR-21-
5p over-expression adenovirus, miR-146a-OE 
group received miR-146a over-expression ade-
novirus, NC group received negative control 
adenovirus). Rats were killed after 12 h, 24 h or 
72 h after surgery.

RNA extraction and quantitative real-time 
qPCR (qRT-PCR)

Total RNA was extracted from cell lines or brain 
tissues using Trizol reagent (Invitrogen, USA). 
The qRT-PCR reactions were performed using 
All-in-One™ miRNA qRT-PCR Detection Kit (Ge- 
neCopoeia Inc, USA), and iQ-5 (Bio-Rad) was 
used to monitor the PCR in real-time. The qPCR 
cycling profile was denatured at 95°C for 10 
min, followed by 40 cycles of annealing at 95°C 
for 15 seconds and extension at 60°C for 20 
seconds with a final extension at 72°C for 20 
seconds. The endogenous U6 was chosen as 
the internal control for miRs and GAPDH for 
IL-1β, IL-8, and TNF-α. The average cycle thresh-
old (CT), from triplicate assays, was used for fur-
ther calculations. Relative expression levels 

Kits purchased from Cloud-Clone Corp (TX, 
USA) according to manufacturer’s instruction. 
IL-8, IRAK1 and TIMP3 activity were measured 
with assay Kits purchased from R&D Systems 
(MN, USA) in accordance with the manufactur-
er’s instruction.

Histology

Rats were immediately sacrificed by cervical 
dislocation and their brain tissues were co- 
llected, weighed, and frozen at -20°C until 
analysis. Edema and hemorrhage were used as 
indicators of acute inflammation. 

For histological observation, paraffin-embed- 
ded basal ganglia sections (18 μm thick) were 
prepared. Slides were deparaffinized and the 
sections were stained with hematoxylin-eosin 
(H&E) for histological examination (Nikon EC- 
LIPSE TS2000-0, Japan).

Brain water content measurement

Brain water content was measured after ICH  
as described previously [14]. In brief, rats were 
anesthetized by intraperitoneal injection with 
pentobarbital (60 mg/kg). Then, the cerebral 
tissues were removed, and the surface water 
on the cerebral tissues was blotted with filter 
paper. Brain samples were divided into five 
parts: ipsilateral and contralateral basal gan-
glia, ipsilateral and contralateral cortex, and 

Table 1. RT and qPCR primers used in this study
Name Sequence (5’→3’)
U6 RT: CGCTTCACGAATTTGCGTGTC

Forward: TCGCTTCGGCAGCACATATAC
Reverse: GCGTGTCATCCTTGCGCAG

miR-21 RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGTCAG
Forward: GTTGACTGTTGAATCTCATGGCAACA
Reverse: ATCCAGTGCAGGGTCCGAGG

miR-146a RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACACGATG
Forward: ACTGAATTCCATGGGTTGTGTCAGT
Reverse: ATCCAGTGCAGGGTCCGAGG

GAPDH Forward: CCCCAATGTATCCGTTGTG
Reverse: CTCAGTGTAGCCCAGGATGC

TNF-α Forward: CTCTTCTGTCTACTGAACTTCGGG
Reverse: ACGTGGGCTACGGGCTTGT

IL-1β Forward: TGCCACCTTTTGACAGTGATG
Reverse: TGTGCTGCTGCGAGATTTG

IL-8 Forward: TGGGTGAAGGCTACTGTTGG
Reverse: TGGAAAGGGAAATATTCTCTGT

were normalized to 
control. The 2-ΔΔCt me- 
thod was used to 
quantify the relative 
amount of miR-146a, 
miR-21, IL-1β, IL-6, 
and TNF-α. The sequ- 
ences of the primers 
are listed in Table 1.  

ELISA assay

To test the inflamma-
tory response after 
LPS inducement, IL- 
1β, IL-6, IL-8, MMP- 
9, IRAK1, TIMP3 and 
TNF-α of cells super-
natant activity were 
measured by ELISA. 
IL-1β, IL-6, MMP-9 
and TNF-α were as- 
sayed using assay 
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Figure 1. Acute inflammation of microglia was induced by LPS. Microglia were treated with LPS of different concen-
trations (0 ng/ml, 1 ng/ml, 5 ng/ml, 10 ng/ml, 100 ng/ml) for 12 h or 24 h. The relative expression of IL-1β (A), 
IL-8 (B), and TNF-α (C) was assessed by qPCR, with data represented as mean ± SD, n=6. *P<0.05, **P<0.01, 
***P<0.001 versus control (0 ng/ml of LPS).

Figure 2. miR-21 and miR-146a attenuate the inflammatory response of microglia induced by LPS. After infection of 
miR-21 overexpression adenovirus (miR-21-OE), miR-146a overexpression adenovirus (miR-146a-OE), or negative 
control adenovirus (NG), microglia were treated by LPS (10 ng/ml) at 24 h after infection. The relative expression 
of miR-21-5p (A) or miR-146a-5p (B) was measured by qPCR, with data represented as mean ± SD, n=6. *P<0.05, 
**P<0.01, ***P<0.001 versus NC. The concentration of IL-1β (C), IL-6 (D), IL-8 (E), IRAK1 (F), MMP-9 (G), TNF-α 
(H) and TIMP3 (I) were assayed by ELISA, with data represented as mean ± SD, n=6. ***P<0.001 versus control, 
###P<0.001 versus LPS+NC group.
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cerebellum. These samples were immediately 
weighed on an electric analytic balance to 
obtain the wet weight and then dried at 100°C 
for 24 h to obtain the dry weight. Brain water 
content was calculated using the following  
formula: brain water content (%) = (wet weight-
dry weight)/wet weight ×100%.  

Evaluation of neurological scores

Animals were tested before and after surgery 
and scored by investigators who were blind to 
neurological and treatment condition. Two 
behavioral assessments were used: corner 
turn and forelimb use asymmetry tests, as de- 
scribed before [15]. 

Statistical analysis

SPSS 22.0 software was used for all statisti- 
cal analyses. Data are presented as means ± 
standard deviations (SD). Significant differenc-
es in the mean values of two groups were eval-
uated by Student’s unpaired t-test. Data need- 
ing multiple comparisons were evaluated by 
one-way ANOVA with Bonferroni correction. 
P-value of 0.05 or less was considered to be 
statistical significant.

Results

LPS induces microglia inflammation

LPS with different concentrations was used to 
stimulate microglia for 12 h or 24 h and the 
relative expression of IL-1β, IL-8 and TNF-α 
were measured by qPCR to evaluate inflam- 
matory response. LPS induced IL-1β, IL-8, and 
TNF-α expression in a dose-dependent increa- 
se (Figure 1A-C). Compared with control group 
(LPS 0 ng/ml), 1-100 ng/ml of LPS significantly 
increased expression of IL-1β, IL-8 and TNF-α at 
12 h or 24 h (P<0.001). The expression of IL-1β 
and IL-8 peaked at 24 h after treatment of LPS 
with the concentration of 10 ng/ml, while TNF-α 
peaked at 24 h after treatment of LPS with the 
concentration of 100 ng/ml. But the expres-
sion of TNF-α is much higher than control group 
at 24 h after treatment of 10 ng/ml LPS. 

MiR-21/miR-146a attenuates inflammation 
response of microglia induced by LPS 

MiR-21/miR-146a overexpression adenovirus 
was used to infect microglia. The relative ex- 
pression of miR-21/miR-146a was measured 
by qPCR. The expression of IL-1β, IL-6, IL-8, 

IRAK1, MMP-9, TNF-α, and TIMP3 was mea-
sured by ELISA. The relative expression of miR-
21 in microglia treated with LPS (10 ng/ml) and 
infected by miR-21 overexpression adenovirus 
was 1.53 fold and miR-146a expression was 
2.10 fold more than cells infected by negative 
control adenovirus (NG) and treated with LPS 
(Figure 2A, 2B). The IL-1β, IL-6, IL-8, IRAK1, 
MMP-9 and TNF-α levels of microglia in the 
supernatant were significantly up-regulated 
(P<0.001) and TIMP3 levels down-regulated 
(P<0.001) after being treated with LPS which 
confirmed the relative expression of IL-1β, IL-8, 
and TNF-α measured by qPCR. Overexpression 
of miR-21 or miR-146a significantly decreased 
the levels of IL-1β, IL-6, IL-8, IRAK1, MMP-9 and 
TNF-α and increased the levels of TIMP3 
(P<0.001) compared with that of negative con-
trol cells (Figure 2C-I).

Intracerebral hematoma induces brain tissue 
inflammation

H&E was used for histological observation of 
perihematomal tissue (Basal ganglia). We used 
qPCR to detect the relative expression of IL- 
1β, IL-6, IL-8, IRAK1, TNF-α, miR-21, and miR-
146a in the perihematomal tissue at 12 h, 24  
h and 72 h post-ICH. Representative sections 
from perihematomal tissues (Model) and nor-
mal contralateral cerebral tissues (Normal) of 
intracerebral hemorrhage rats are shown in 
Figure 3A. Hemorrhage distribution tended to 
disperse from 12 h to 24 h, and decrease at 72 
h. Results of qPCR indicated that the relative 
expression of IL-1β, IL-6, IRAK1, and TNF-α was 
significantly increased in the perihematomal 
tissues compared with normal contralateral 
cerebral tissues (P<0.001) (Figure 3B, 3C, 3E, 
3F), whereas IL-8 expression began to increase 
significantly at 24 h (Figure 3D). The expression 
of IL-1β, IL-6, and IRAK1 peaked at 12 h, and 
began to decrease at 24 h after ICH. However, 
the expression of IL-8 and TNF-α peaked at 24 
h and decreased at 72 h. 

MiR-21 and miR-146a downregulate inflam-
mation response in vivo 

The relative expression of IL-1β, IL-6, IL-8, 
IRAK1, MMP-9, TNF-α, TIMP3, miR-21, and 
miR-146a in brain tissues of rat at 72 h after 
ICH or ICH and injection with adenovirus (miR-
21-OE, miR-146a-OE or NG adenovirus) were 
also measured by qPCR. The results indicate 
that miR-21/miR-146a expression of perihema-
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tomal tissue was significantly increased after 
ICH and injection with miR-21/miR-146a over-
expression adenovirus (P<0.001) (Figure 4A, 
4B). The relative expression of IL-1β, IL-6, IL-8, 
IRAK1, MMP-9 and TNF-α in perihematomal  
tissues (Model) were significantly upregulat- 
ed (P<0.05) and TIMP3 levels downregulated 
(P<0.01) after ICH or ICH and injection nega- 
tive control adenovirus (NC) which confirmed 
the relative expression of IL-1β, IL-6, IL-8, 
IRAK1, MMP-9 and TNF-α measured by qPCR 
and showed in Figures 3, 4C-I. The expression 
of IL-1β, IL-6, IL-8, IRAK1, MMP-9, and TNF-α of 
hematoma tissues after ICH and injection miR-
21 or miR-146a overexpression adenovirus 
(miR-21 or miR-146a-OE) was significantly de- 
creased (P<0.01) and the expression of TIMP3 
was increased (P<0.01) compared with the 
negative control (Figure 4C-I). This result ma- 

tches our observations in rat microglial cells 
treated with LPS and infected by adenovirus.

miR-21/miR-146a reduces brain damage and 
improves neurological function

Brain water content was measured in rat cere-
bral tissues at 72 h after ICH. The results shown 
that the water content of ipsilateral basal gan-
glia tissue was significantly reduced after in- 
jection of miR-21 OE/miR-146a OE, compared 
with control and NC groups (Figure 5A). The 
behavioral test was performed before surgery 
and 72 h after surgery. Neurological scores in 
the miR-21 or miR-146a group was also sign- 
ificantly higher than NC group (Figure 5B, 5C). 

Discussion

Several mechanisms have been proposed for 
secondary injury after ICH, but there is no 

Figure 3. Intracerebral hematoma induces brain tissue inflammation. (A) H&E staining for histological observation 
of perihematomal tissues (Model) and normal contralateral cerebral tissues (Normal) was performed at 12 h, 24 
h and 72 h after ICH (Original magnification ×200). Hemorrhage distribution tended to disperse from 12 h to 24 
h and decrease at 72 h. There is no obvious change in the normal tissue. Relative expression of IL-1β (B), IL-6 (C), 
IL-8 (D), IRAK1 (E) and TNF-α (F) in the perihematomal tissue and normal contralateral cerebral tissues at 12 h, 24 
h and 72 h post-ICH was measured by qPCR. Relative expression levels were normalized to endogenous GAPDH, 
with data represented as mean ± SD, n=6. **P<0.01, ***P<0.001 versus Normal group. The expression of IL-1β, 
IL-6, and IRAK increased at all time-tested points and peaked at 12 h in the perihematomal tissue. IL-8 expression 
started to increase at 24 h and peaked at 24 h. The expression of TNF-α also increased at all time-tested points 
and peaked at 24 h.
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breakthrough in prevention and treatment of 
ICH clinically. Inflammation response is consid-
ered to be the most important mechanism of 
brain injury after ICH. It is a hot spot to study 
intracerebral hemorrhage therapy for inflam-
mation, but further mechanisms still need ex- 
ploration. miRs are a group of small non-coding 
RNAs newly discovered and studied much in 
recently years. They can regulate the expres-

sion of target genes, by binding to the target 
gene, and regulate the formation of proteins. 
The role of miRs in spontaneous ICH have got-
ten much recent attention. miR-132 has been 
proven to ameliorate brain edema, lessen 
blood-brain barrier (BBB) integrity, and attenu-
ate the inflammatory response after ICH in 
mice [16]. miR-223 has been shown to be ac- 
rucial regulator of microglial activation, inflam-

Figure 4. miR-21 and miR-146a downregulate inflammatory response in vivo. The relative expression of miR-21 (A) 
and miR-146a (B) in perihematomal tissue and normal contralateral cerebral tissues at 72 h after ICH or ICH and in-
jection with adenovirus (miR-21-OE, miR-146a-OE or NG adenovirus) were also measured by qPCR. Relative expres-
sion levels were normalized to U6, with data represented as mean ± SD, n=6. The relative expression of miR-21/
miR-146a in perihematomal tissues significantly increased after injection with miR-21/miR-146a overexpression 
adenovirus (miR-21/miR-146a-OE) compared with negative control adenovirus (NC) (***P<0.001). The relative 
expression of IL-1β (C), IL-6 (D), IL-8 (E), MMP-9 (F), IRAK1 (G), TNF-α (H) and TIMP3 (I) were measured by qPCR. 
Relative expression levels were normalized to endogenous GAPDH, with data represented as mean ± SD, n=6. 
Overexpression of miR-21/miR-146a decreased the expression of IL-1β, IL-6, IL-8, IRAK1, TNF-α and increased the 
expression of TIMP3 in perihematomal tissue at 72 h after ICH. *P<0.05, **P<0.01, ***P<0.001, perihematomal 
tissues versus normal contralateral cerebral tissues. ##P<0.01, ###P<0.001, perihematomal tissues in miR-21/
miR-146a-OE group versus NC group.
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mation, and neuron injury after ICH by directly 
targeting HLRP3 [17].

Literature review disclosed two miRs, miR-21 
and mi-146a, which have an anti-inflammatory 
effect in some diseases. miR-21 can target  
the 3’-untranslated regions (3’UTRs) of PTEN 
and Smad7 to downregulate PI3K/Akt path- 
way in human umbilical vein endothelial cells 
[18], and miR-21 can target Smad7 to regulate 
the Akt and/or ERK/MAPK pathways, contribut-
ing to renal fibrosis [7]. miR-21 can also nega-
tively regulate the expression of Toll-like 4 
receptor (TLR4) via targeting of the proinflam-
matory tumor suppressor programmed cell 
death protein 4 (PDCD4) to regulate inflamma-
tory responses [8]. MiR-146a targets 3’UTRs  
of IRKA1 and TNF receptor associated factor  
6 (TRAF6) to suppress the NF-κB pathway [9] 
and can regulate inflammatory infiltration by 
targeting TRAF6 and affecting the IL-17/In- 
tercellular Adhesion Molecule 1 (ICAM-1) path-
way in polymyositis/dermatomyositis [10]. How- 
ever, their anti-inflammatory effect after ICH 
has not been well studied. 

In the present study, we proved that miR-21 
and miR-146a can negatively regulate the sec-
ondary inflammatory response of microglia 
after intracerebral hemorrhage, in vitro and in 
vivo. It has been reported that LPS could acti-
vate microglia and induce the expression of 
pro-inflammatory mediators [19]. Therefore, we 
used LPS at different doses to stimulate rat 
microglia to conduct a model of brain inflam- 
mation in vitroto explore ICH inflammation-re- 
lated protein expression. Results demonstrat-
ed that the effect of LPS on microglia cells was 
dose-dependent (0-10 ng/ml) and time-depen-
dent (12-24 h). We increased the expression of 

miR-21 and miR-146a in microglia by adenovi-
rus infection, and found miR-21 and miR-146a 
can both attenuate the expression of IL-1β, 
IL-6, IL-8, IRAK1, MMP-9 and TNF-α and incre- 
ase the expression of TIMP3. Based on experi-
mental results in vitro, we injected autologous 
whole-blood into a rat ICH model and injected 
miR-21/miR-146a overexpression adenovirus 
to upregulate the expression of miR-21/miR-
146a. As reported, the hematoma developed 
produces the desired brain injury and neuro-
logic deficits [20], and a high level of inflamma-
tory cytokines was significantly correlated with 
cerebral hematoma [21]. Our study also dem-
onstrated that the expression of IL-1β, IL-6, 
IL-8, IRAK1, and TNF-α in the perihematomal 
tissues significantly increased after ICH. miR-
21 and miR-146a could downregulate the ex- 
pression of these inflammatory cytokines and 
upregulate TIMP3 expression. Furthermore, our 
results indicated that miR-21 and miR-146a 
reduce the edema and improves neurological 
function after ICH. As described above, the tar-
get genes of miR-21 include PTEN, Smad7, and 
PDCD4, and those of miR-146a include IRKA1 
and TRAF6. In further research, we will confirm 
the target genes of these miRs in ICH, by con-
structing vectors of target gene 3’UTR con-
struction and luciferase reporter assays.
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