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miR-30e-5p attenuates neuronal deficit and inflammation of
rats with intracerebral hemorrhage by regulating TLLR4

HAIPENG SONG!, NA XU? and SHAN JIN®

Departments of 1Neurosurgery and 2Emergency, Jinan First People's Hospital, Ji'nan, Shandong 250012;
3Department of Neurology, The 960th Hospital of The Chinese People's Liberation Army, Ji'nan, Shandong 250031, P.R. China

Received January 20, 2022; Accepted April 7,2022

DOLI: 10.3892/etm.2022.11419

Abstract. microRNAs (miRNAs or miRs) have been reported
to regulate the pathology of intracerebral hemorrhage (ICH).
Therefore, the present study aimed to investigate the function
of miR-30e-5p in rats with ICH with specific focus on Toll-like
receptor (TLR)4. In the present study, collagenase type IV was
used for the establishment of the ICH model inrats, prior to which
the rats were injected with miR-30e-5p mimic or miR-30e-5p
mimic + pcDNA3.1-TLR4 plasmid. The expression levels of
miR-30e-5p and TLR4 were then measured using reverse tran-
scription-quantitative PCR and western blotting. The potential
interaction between miR-30e-5p and TLR4 was tested using
the MicroRNA Target Prediction Database and dual-luciferase
reporter and RNA immunoprecipitation assay. In addition,
the concentration of TNF-a, IL-6 and IL-1p3 was measured
using ELISA. The protein expression levels of TLR4/myeloid
differentiation factor 88 (MyD88)/TIR-domain-containing
adapter-inducing interferon-f (TRIF) signaling-associated
molecules were measured by western blotting. Following
induction of ICH, miR-30e-5p expression was downregulated,
while TLR4 expression was upregulated. By contrast, injec-
tion with miR-30e-5p mimic rescued neuronal function while
suppressing neuronal inflammation in rats following ICH,;
these effects were reversed by co-overexpression of TLR4.
Furthermore, overexpression of miR-30e-5p inactivated
TLR4/MyD88/TRIF signaling in rats with ICH; this was also
reversed by overexpression of TLR4. Taken together, these
results suggested that overexpression of miR-30e-5p exerted
a protective role against neuronal deficit and inflammation
caused by ICH in rats by targeting TLR4 and inactivating
TLR4/MyD88/TRIF signaling.
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Introduction

Intracerebral hemorrhage (ICH) is a type of stroke that is
relatively common but lacks clear treatment strategy (1).
ICH accounts for 10-15% of all cases of stroke in the US (2).
In Globally, ICH is one of the most deleterious types of all
strokes; it has an incidence of 10-30 per 100,000 patients
annually, with a morbidity rate of 75% and a mortality rate
of 30-50% January 1980, and November 2008 (3). ICH is
diagnosed more frequently in the elderly (>55 years old) and
in males, with predilection observed in patients of African
and Asian ethnicity (4,5). Hematoma following ICH destroys
the surrounding vascular system, which induces hemor-
rhage and potentiates growth of hematoma, which leads
to neuronal deficit (6). Furthermore, ICH induces inflam-
mation to promote edema formation, which aggravates the
hydrostatic pressure around the hematoma, resulting in cell
death (7,8).

Neurological deficit, which is typically caused by neuro-
inflammation, is associated with the release of endogenous
ligands that primarily activate Toll-like receptors (TLRs) (9).
Accumulating evidence suggests that TLR4-mediated neuroin-
flammation is one of the key causes of secondary brain injury
following ICH (10,11). Upregulated TLR4 expression levels
are associated poorer outcomes in patients with ICH (12). By
contrast, treatment with antagonists of TLR4 attenuates brain
injury following ICH (13).

microRNAs (miRNAs or miRs) belong to a family of small
non-coding RNAs that are ~20 nucleotides in length (14).
They regulate expression of target mRNAs, in turn regulating
a number of human diseases (14-17). Numerous miRNAs
have been documented as potential molecular markers for
diagnosis, treatment and development of ICH (15), including
miR-183-5p (16) and miR-331-3p (17). According to results
from a miRNA PCR array, miR-30e-5p expression is down-
regulated in peripheral blood samples from patients with
ICH (18). However, little is known about the role of miR-30e-5p
in ICH.

A number of studies have reported the effect of
miR-30e-5p in human disease, such as squamous cell carci-
noma of the head and neck, where it inhibits metastasis and
angiogenesis by targeting astrocyte elevated gene-1 expres-
sion (19,20). Furthermore, miR-30e-5p has been found to
reverse hypoxia-induced apoptosis of human stem cell-derived
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cardiomyocytes by targeting Bim expression (21). A previous
study observed that miR-30e-5p suppresses inflammation and
protects against cardiac dysfunction following myocardial
infarction by targeting PTEN expression (22). Nevertheless,
the potential association between miR-30e-5p and TLR4, in
addition to their physiological roles in ICH remain poorly
understood. Therefore, the present study investigated the
effect of miR-30e-5p overexpression on neuronal function and
apoptosis and inflammation, in addition to TLR4 signaling, in
rats with ICH.

Materials and methods

Animals. Healthy male adult Sprague-Dawley rats (n=72; age,
10-12 weeks; weight, 250-300 g; Model Animal Research
Center of Nanjing University) were maintained at 22-25°C with
12/12-h day/night cycle, humidity of 50-60% and free access
to food and water at specific-pathogen-free grade. The animal
experiments were approved by the Institutional Animal Care
and Use Committee of Jinan First People's Hospital (approval
no. JNFPH2019-03; Ji'nan, China). The total duration of the
experiment was 10 days from the establishment of animal
models to complete assessment of the neurological function.
After collecting blood in tail vein, rats were anesthetized
with intraperitoneal injection of 3% pentobarbital sodium
(30 mg/kg) and sacrificed by cervical dislocation. Death was
confirmed by cessation of breathing and faded eye color.

Groups. miR-negative control (NC) mimic, miR-30e-5p
mimic, pcDNA3.1, and pcDNA3.1-TLR4 were purchased from
Shanghai GenePharma Co., Ltd. Rat is an ideal pathophysi-
ological disease model that is widely used (23,24). The ICH
model in rats was established by IC injection of collagenase
type IV (0.23 U in 1 ul sterile saline; Beijing Solarbio Science
& Technology Co., Ltd.) into the right striatum, as previously
described (25). For the rats in the ICH group (n=11), miR-NC
mimic + pcDNA3.1 was injected into the right lateral ventricle
of rats 3 days prior to the establishment of ICH model.

Rats in the sham group (n=11) were injected with 1 ul sterile
saline. For rats in the remaining groups (ICH + miR-30e-5p
mimic + pcDNA3.1 and ICH + miR-30e-5p mimic +
pcDNA3.1-TLR4; both n=11), miR-30e-5p mimic + pcDNA3.1
or miR-30e-5p mimic + pcDNA3.1-TLR4 was injected into the
right lateral ventricle of rats 3 days prior to establishment of
ICH model (26).

Neurological function. A 24-point neurological scoring
system was used to test neurological deficit, including Longa,
beam balance test (BBT), Bederson and foot fault asym-
metry in rats. Neurological function was assessed on day 7
after the establishment of ICH. Longa standards (27) were as
follows: 0, no neurological impairment; 1, impaired stretching
of contralateral limbs; 2, circling around; 3, tilting to the
side of hemiplegia upon waking and 4, impaired walking or
unconsciousness.

The rats underwent BBT, in which they were allowed to
walk on a balance beam (square stick; length, 80.0 cm; width,
2.5 cm; 10.0 cm above ground) to walk on. The following
six-grade standard was applied (28): O, jump on the balance
beam and walk without falling; 1, jump on the balance beam

with time of falling <50%; 2, jump on the balance beam with
time of falling >50%; 3, jump on the balance beam with the
healthy lateral hind limb with no movement of paralyzed hind
limby; 4, sit on the balance beam without walking and 5, fall
from the balance beam.

For Bederson score which is used for disability assess-
ment (29), the rats were lifted 10 cm above the desk. After
seizing the tail by an experimenter, healthy rats should
straighten the foreleg. The standards used for scoring this were
as follows (29): 0, no neurological impairment; 1, lateral wrist
and elbow joint flexion and shoulder adduction and flexion;
2, lateral wrist and elbow joint flexion, shoulder adduction
and flexion and decreased thrust to the paralytic side and 3,
chasing tail with circling to the paralytic side.

For foot fault asymmetry score, rats were placed in a
wet box (2.3x2.3 cm mesh) and the number of times the
forelegs touched the mesh was counted. Score was calculated
as follows (30): (no. of missteps of forelegs opposite to the
lesion-no. of missteps of forelegs on the same side as the
lesion)/total steps. A positive score indicates impaired function
toward the lesion, while a negative score indicates impairment
of function on the same side as the lesion.

ELISA. Following the measurement of neurological deficit in
rats, 1 ml blood from the tail vein was collected and centrifuged
at 1,500 x g for 10 min at 4°C. Serum samples were stored
at -20°C. The concentration of IL-6 (cat. no. ERA31RBX10),
TNF-a (cat. no. ERAS6RB) and IL-1f (cat. no.# BMS630TEN)
was evaluated using ELISA kits (all Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocols. Optical density
was measured at 450 nm using a BioTek Epoch microplate
reader.

Reverse transcription-quantitative (RT-q)PCR. TR1zol®
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract
total RNA from rat brain tissue. RNA (1 ug) was subjected
to RT using avian myeloblastosis virus reverse transcriptase
(Takara Biotechnology Co., Ltd.) following manufacturer's
protocol. The quantification of cDNA was performed using
SYBR Premix Ex Taq™ (Takara Biotechnology Co., Ltd.) and
LightCycler 480 system (Roche Diagnostics). The thermocy-
cling conditions were as follows: Initial denaturation at 95°C
for 10 min, followed by 40 cycles of 95°C for 10 sec, 60°C for
20 sec and 72°C for 10 sec. U6 was used as the internal refer-
ence for miR-30e-5p, while GAPDH was used as the internal
reference for TLR4. The primer sequences are listed in Table I.
The gene expression was analyzed by the 2244 method (31).

Western blotting. Total protein from brain tissue of rats
was extracted using RIPA buffer (Roche Diagnostics).
Protein concentration was using BCA kit (Boster Biological
Technology). In total, 30 ug protein sample was loaded into
each lane, followed by separation by 8% SDS-PAGE. Next,
proteins were transferred onto PVDF membranes, followed by
blocking with 5% BSA (Thermo Fisher Scientific, Inc.) for 1 h
at room temperature and incubation with primary antibodies
against TLR4 (1:1,000; cat. no. 19811-1-AP; Proteintech Group,
Inc.), GAPDH (1:2,500; cat. no. ab9485; Abcam), myeloid
differentiation factor 88 (MyD88; 1:1,000; cat. no. ab2064;
Abcam) and TIR-domain-containing adapter-inducing IFN-f§
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Table I. Primer sequences for reverse transcription-quantitative PCR.

Name Forward Reverse

GAPDH 5'-CCATAAAGGGCATCCTGGGCT-3' 5'-TTACTCCTTGGAGGCCATGTA-3'

U6 5'-CTCGCTTCGGCAGCACA-3' 5'-AACGCTTCACGAATTTGCGT-3'
miR-30e-5p 5'-TGTAAACATCCTTGACTGGAAG-3' 5'-CTTCCAGTCAAGGATGTTTACA-3'
TLR4 5'-CGCCTAAAACCCATTATGTTTACA-3' 5'-TGTAAACATAATGGGTTTTAGGCG-3'

miR, microRNA; TLR, Toll-like receptor.

(TRIF; 1:1,000; cat. no. ab13810; Abcam) overnight at 4°C.
The membranes were rinsed using 0.1% TBST three times
for 5 min each, before being incubated with horseradish
peroxidase-conjugated anti-rabbit IgG secondary antibody
(1:5,000; cat. no. ab288151; Abcam) for 1 h at room tempera-
ture. The membranes were rinsed using 0.1% TBST three
times for 5 min each and developed using Pierce enhanced
chemiluminescence system (Thermo Fisher Scientific, Inc.).
GAPDH was used as the internal reference. Image J (Version
1.8.0, National Institutes of Health) was used for the analysis
of the gray value.

Cell culture. PC12 cells were purchased from the American
Type Culture Collection and maintained in DMEM supple-
mented with 10% FBS and 1% penicillin-streptomycin (all
Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C with 5%
CO,.

Dual luciferase reporter assay. The potential interac-
tion between TLR4 and miR-30e-5p was predicted using
MicroRNA Target Prediction Database (mirdb.org). Rat
wild-type TLR4 3'-untranslated region (UTR), which contained
potential binding sites for miR-30e-5p, was cloned into the
pmirGLO vector (Promega Corporation). Mutant TLR4
3'-UTR was obtained using Q5 Site-Directed Mutagenesis kit
(cat. no. E0554S; New England BioLabs, Inc.) according to the
manufacturer's protocol.

PCI12 cells (2x10°) were seeded in 6-well plates and
co-transfected with wild-type or mutant TLR4 luciferase
construct alongside mimic negative control (NC) (5'-UUC
UCCGAACGUGUCACGU-3") or miR-30e-5p mimic (5-UGU
AAACAUCCUUGACUGGAAG-3") for 48 h at 37°C using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. At 48 h
after transfection, luciferase activity was evaluated using
the Dual-Luciferase Reporter Assay System (Promega
Corporation) and normalized to that of the Renilla construct.

RNA immunoprecipitation (RIP) assay. Firstly, nuclei were
extracted using NP-40 lysis buffer (240 pl, Beyotime Institute
of Biotechnology) from PC12 cells (5x10°) by centrifugation
at 15,000 x g and 4°C for 10 min, lysed and incubated with
primary antibodies against argonaute2 (Ago2; 1: 30, 8 ul;
cat. no. abl86733; Abcam) and negative control IgG (1:30
(8 ul); cat. no. ab205718; Abcam) at 4°C overnight. RNA
immunoprecipitated with Ago2 was isolated following addi-
tion of 25 ul protein A agarose (cat. no. ab169993; Abcam) and

protein G agarose beads (cat. no. ab174816; Abcam) following
manufacturer's protocol. Completes were isolated by centrifu-
gation at 1,000 x g for 5 min at 4°C and boiling for 3 min.
After washing with ice cold low salt wash buffer, RNA was
purified and reverse-transcribed into cDNA. Gene expression
was assessed by RT-qPCR, as aforementioned.

Statistical analysis. Data analysis was performed using SPSS
21.0 (IBM Corp.). All experiments were repeated three times.
All data are presented as mean + standard deviation. Unpaired
t-test was used for comparisons between two groups, while
one-way analysis of variance followed by Tukey's post hoc test
was used for comparisons between >2 groups. The correlation
between miR-30e-5p and TLR4 was assessed by Pearson's
correlation analysis. P<0.05 was considered to indicate a
statistically significant difference.

Results

Verification of establishment of ICH in rats. First, successful
establishment of ICH in rats was determined. The neurological
function scores of rats in the ICH group, including those of
Longa (Fig. 1A), BBT (Fig. 1B), Bederson (Fig. 1C) and foot
fault asymmetry (Fig. 1D), were significantly higher compared
with those in the sham group, indicating successful establish-
ment of ICH in rats.

miR-30e-5p expression is decreased and TLR4 expression is
increased following ICH. TLR4 mRNA expression levels were
significantly upregulated in the perihematomal striatum of rats
at 24 h following ICH compared with the sham group (Fig. 2A).
To identify the potential role of miR-30e-5p following ICH,
miR-30e-5p expression was measured in the perihematomal
striatum from rats with ICH. miR-30e-5p expression was lower
in the perihematomal striatum of rats at 24 h following ICH
compared with the sham group (Fig. 2B). In addition, there
was an inverse correlation between TLR4 and miR-30e-5p
expression in the perihematomal striatum of rats at 24 h
following ICH (Fig. 2C). Moreover, TLR4 protein expression
levels (Fig. 2D and E) were upregulated in the perihematomal
striatum of rats at 24 h following ICH compared with those in
the sham group. The findings indicated the opposite roles of
miR-30e-5p and TLR4 in ICH.

TLR4 is a direct target of miR-30e-5p in PCI12 cells. The
potential association between miR-30e-5p and TLR4 was
predicted by sequence complementarity according to miRDB
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Figure 1. Establishment of ICH in rats. Neurological function was determined by (A) Longa, (B) BBT, (C) Bederson and (D) foot fault asymmetry score in
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Figure 2. miR-30e-5p is decreased and TLR4 is increased following ICH. Reverse transcription-quantitative PCR was used to detect (A) miR-30e-5p and
(B) TLR4 expression in sham and ICH group. (C) Pearson's correlation analysis was used to analyze the correlation between miR-30e-5p and TLR4 in ICH
group (n=11). (D) Western blot analysis was used to detect (E) TLR4 protein expression levels in sham and ICH group (n=3). “P<0.01, *"P<0.001 vs. sham.

miR, microRNA; TLR, Toll-like receptor; ICH, intracerebral hemorrhage.

(Fig. 3A). To verify if miR-30e-5p directly targets the 3'-UTR
of TLR4, dual luciferase reporter assay was performed in
PC12 cells. miR-30e-5p mimic was effectively transfected
into PC12 cells, as evidenced by upregulated expression

levels of miR-30e-5p in the miR-30e-5p mimic compared
with miR-NC mimic group (Fig. 3B). In addition, compared
with miR-NC mimic, miR-30e-5p mimic inhibited luciferase
activity of wild-type TLR4 3'-UTR construct but not that of
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the mutant construct (Fig. 3C). The RIP assay showed that IgG
did not enrich miR-30e-5p or Ago2 compared with input, indi-
cating the success of RIP assay. RIP assay revealed that both
miR-30e-5p and TLR4 were significantly enriched in the Ago2
group (Fig. 3D), suggesting that miR-30e-5p directly targets
the 3'UTR of TLR4 in PC12 cells.

miR-30e-5p overexpression attenuates neurological deficit
and inflammation by targeting TLR4 following ICH. To
clarify the association between miR-30e-5p and TLR4 in ICH,
miR-30e-5p and TLR4 was overexpressed by IC ventricular
injection of miR-30e-5p mimic and pcDNA3.1-TLR4 3 days
prior to establishment of ICH in rats. miR-30e-5p was success-
fully overexpressed in the perihematomal striatum of rats,
which was reflected by significantly increased miR-30e-5p
expression levels compared with those injected with miR-NC
mimic (Fig. 4A). pcDNA3.1-TLR4 was successfully trans-
fected into the perihematomal striatum of rats, which was
shown by increased TLR4 expression compared with that
in the pcDNA3.1 group (Fig. 4B). The neurological deficit
of rats with ICH, including Longa (Fig. 4C), BBT (Fig. 4D),

Bederson (Fig. 4E) and foot fault asymmetry (Fig. 4F) was
alleviated by overexpression of miR-30e-5p; this effect was
reversed by co-overexpression of TLR4. Additionally, serum
levels of proinflammatory cytokines TNF-a, IL-1p, and IL-6
in rats were decreased by overexpression of miR-30e-5p; this
was reversed by co-overexpression of TLR4 (Fig. SA-C). The
findings indicated the opposite roles of miR-30e-5p and TLR4
in neurological deficit and inflammation.

miR-30e-5p overexpression suppresses TLR4 expression and
inactivates downstream MyD88/TRIF signaling following ICH.
To determine whether the neuroprotective role of miR-30e-5p
in rats with ICH was associated with regulation of TLR4 and
MyD88/TRIF signaling, the expression profile of associated
proteins was assessed in the perihematomal striatum of rats.
miR-30e-5p overexpression decreased TLR4 expression levels
as well as those of MyD88 and TRIF, which were originally
induced by ICH. However, the inhibitory effects of miR-30e-5p
overexpression were partially reversed by co-overexpression of
TLR4 (Fig. 6A and B). The findings indicated the opposite roles
of miR-30e-5p and TLR4 in MyD88/TRIF signaling.
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Figure 4. miR-30e-5p attenuates brain injury following ICH by targeting TLR4. Reverse transcription-quantitative PCR was used to detect (A) miR-30e-5p
levels in miR-NC and miR-30e-5p mimic (““P<0.001 vs. miR-NC mimic) and (B) TLR4 level in pcDNA3.1 and pcDNA3.1-TLR4 group. n=3. “"P<0.001
vs. pcDNA3.1. A 24-point neurological scoring system was used to test neurological deficit, including (C) Longa, (D) BBT, (E) Bederson and (F) foot fault
asymmetry (n=11) in rats in sham, ICH + miR-NC + pcDNA3.1, ICH + miR-30e-5p + pcDNA3.1 and ICH + miR-30e-5p + pcDNA3.1-TLR4 groups. ““P<0.001
vs. sham; #P<0.01 vs. ICH + miR-NC + pcDNA3.1; ¥P<0.01, ““P<0.01 vs. ICH + miR-30e-5p + pcDNA3.1. ICH, intracerebral hemorrhage; BBT, beam balance
test; miR, microRNA; TLR, Toll-like receptor; NC, negative control.

Discussion neuroinflammation during ICH (9). However, the role TLR4

in the molecular pathological network of ICH is poorly
ICH is a lethal form of stroke for which there is no understood. In the present study, upregulation of TLR4
effective long-term treatment option (1). As a pathogen expression was observed in rats with ICH, which suggested
recognition receptor (32), TLR4 is involved in regulation of  a role for TLR4 in ICH. In addition, miR-30e-5p expression
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&&Pp<(.01 vs. ICH + miR-30e-5p + pcDNA3.1. ICH, intracerebral hemorrhage; miR, microRNA; TLR, Toll-like receptor; NC, negative control; MyD88,
myeloid differentiation factor 88; TRIF, TIR-domain-containing adapter-inducing interferon-f.

in rats with ICH demonstrated an inverse correlation with
TLR4 expression.

miR-30e-5pisassociated withanumber of diseases (33-35).
p53-induced miR-30e-5p expression suppresses metastasis
of colorectal cancer by targeting integrin subunit a6 and pl1
expression (33). In addition, miR-30e-5p levels are decreased
in the plasma of patients with moderate and severe diabetic
kidney disease compared with patients with type 1 diabetes
mellitus, where miR-30e-5p regulates expression of genes
associated with cell apoptosis, differentiation, oxidative
stress, angiogenesis and hypoxia (34). In another study,
overexpression of miR-30e-5p was found to inhibit endothe-
lial-mesenchymal transition of lipopolysaccharide-treated
human brain microvascular endothelial cells by targeting
neuronal growth regulator 1 expression (35). However, little
is known regarding the association between miR-30e-5p and

ICH or the potential interaction between miR-30e-5p and
TLR4 in ICH.

ICH induces inflammation to promote edema formation,
which triggers detrimental effects in the area surrounding
the hematoma, including cell death (7). Increased expression
of apoptosis marker cleaved caspase-3 and inflammatory
cytokines, including TNF-a, IL-1p and IL-6, has been previ-
ously reported in rats with ICH (36). In the present study,
miR-30e-5p mimic inhibited TLR4 expression by targeting its
3'UTR. In addition, miR-30e-5p mimic prevented neurological
injury, apoptosis and inflammation, as evidenced by rescued
neurological deficit score and TNF-a, IL-1f and IL-6 levels
in rats with ICH. The neuroprotective effect of miR-30e-5p
mimic on rats with ICH was partially reversed by overexpres-
sion of TLR4. However, the underlying molecular mechanism
of this remains to be elucidated.
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It has previously been documented that TLR4 regu-
lates inflammation in ICH by regulating downstream
MyD88/TRIF signaling (37). TLR4 interacts with MyD88
and TRIF to regulate gene expression of inflammatory
mediators, such as cytokines TNF-a, IL-1f and IL-6 (38,39).
The present study also investigated the effects of miR-30e-5p
on TLR4/MyD88/TRIF signaling. Overexpression
of miR-30e-5p decreased ICH-induced activation of
TLR4/MyD88/TRIF signaling. Furthermore, the effect of
miR-30e-5p mimic on TLR4/MyD88/TRIF signaling was
partially reversed by overexpression of TLR4 in rats with
ICH, which demonstrated that the effect of miR-30e-5p mimic
on inactivation of TLR4 signaling may be due to its ability
to inhibit TLR4 expression. miR-30e-5p decreased luciferase
activity of TLR4 construct in PC12 cells. miR-30e-5p was
inversely correlated with TLR4 expression and miR-30e-5p
overexpression decreased TLR4 expression in rat brain
following ICH.

PiggyBac, which is frequently used for gene overexpres-
sion, can be inserted into genome to make overexpression
more durable (40); PiggyBac should be used in future study
to improve the stability of miR-30e-5p overexpression.
Additionally, the present study focused on changes in behav-
ioral performance; pathological images of brain and neurons
in sham and ICH groups will be obtained by another ongoing
study.

Collectively, the present results indicated that miR-30e-5p
overexpression decreased TLR4 expression in the brain tissue
of rats with ICH, resulting in inactivation of MyD88/TRIF
signaling and protection against neurological deficit, apoptosis
and inflammation. The present study provided mechanistic
insight into how miR-30e-5p exerts neurological protection in
rats with ICH.
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