
Received: 2020.10.26
Accepted: 2021.02.21

Available online: 2021.04.02
Published: 2021.07.16

 3421   —   8   44

lncRNA MEG3 Downregulation Relieves 
Intracerebral Hemorrhage by Inhibiting 
Oxidative Stress and Inflammation in an 
miR-181b-Dependent Manner

 ABCDEFG 1 Bo Xie
 BCD 1 Mingliang Qiao
 BCEF 2 Jialong Xuan

 Corresponding Author: Jialong Xuan, e-mail: xuanjialong1026@163.com
 Source of support: Departmental sources

 Background: This study was designed to illustrate the effects and latent mechanism of lncRNA maternally expressed gene 
3 (MEG3) on intracerebral hemorrhage (ICH)-induced brain injury.

 Material/Methods: An ICH rat model was generated to determine the role of lncRNA MEG3 in ICH. The interaction between lncRNA 
MEG3 and microRNA (miR)-181b were confirmed by Starbase and dual-luciferase reporter assay. One hour (h) 
or 3 days after ICH stimulation, rat neurological injury was evaluated by modified Neurological Severity Score 
(mNSS). Brain water content and cell apoptosis were assessed using brain edema assessment and flow cytom-
etry (FCM), respectively. Caspase3 activity was also determined. Enzyme-linked immunosorbent assay (ELISA) 
was applied to evaluate the levels of pro-inflammatory cytokines. Moreover, the representative biomarkers of 
oxidative stress were evidenced using detection kits.

 Results: The lncRNA MEG3 level in ICH rat brain tissues was higher than that in the sham group. miR-181b was a di-
rect target of lncRNA MEG3 and it was downregulated in brain tissues of ICH rats. Notably, we found that neu-
robehavioral scores, brain water content, and neuronal apoptosis were decreased and caspase3 activity was 
reduced in MEG3-shRNA-treated ICH rats, while we observed the opposite result in ICH+MEG3-shRNA+miR-
181b inhibitor rats. Further analyses revealed that MEG3-shRNA inhibited inflammatory cytokines release and 
reduced oxidative stress. All these results were reversed by miR-181b inhibitor. In addition, MEG3-shRNA ac-
tivated the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) pathway, which was reversed by miR-
181b inhibitor.

 Conclusions: MEG3-shRNA restrained oxidative stress and inflammation following ICH in an miR-181b-dependent manner.
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Background

Intracerebral hemorrhage (ICH), a common subtype of stroke, 
represents 10-15% of all strokes, and is associated with high 
mortality and disability [1]. Despite remarkable advances in 
the understanding of the development of ICH during the past 
decade, therapeutic options for ICH are largely ineffective [2]. 
Increasing evidence suggests that multiple pathways are in-
volved in the development of ICH, such as inflammation, oxi-
dative stress, excitotoxicity, and apoptosis, which combine to 
cause brain damage [3,4]. Moreover, activated inflammatory 
factors, including TNF-a, IL-1b, and IL-6, induce brain edema 
and neuronal apoptosis [5]. In addition, oxidative stress is a 
prominent factor in the pathogenesis of neuronal injury, which 
results in neurological dysfunction by regulating cellular signal-
ing and suppressing neuronal activity [6]. For example, Xu et al 
revealed that miR-146a protects against ICH by suppressing in-
flammatory response and oxidative stress [7]. Therefore, anti-in-
flammatory approaches and exploring the mechanisms respon-
sible for ICH damage may be a novel strategy for treating ICH.

lncRNAs, which are non-decoding RNAs over 200 nucleotides 
in length, have been reported to be pivotal regulators in the 
development of human diseases, including diabetes [8], pso-
riasis [9], and ICH [10]. Previous studies have shown that ln-
cRNAs participate in multiple biological processes, such as cell 
viability, apoptosis, and differentiation [11]. lncRNA MEG3 has 
been reported to be related to progression of various cancers, 
including gastric cancer [12], prostate cancer [13], and cervi-
cal cancer [14]. lncRNA MEG3 was found to affect secondary 
brain injury in CNS injury models [15]. A recent study has re-
ported that lncRNA MEG3 expression was significantly upreg-
ulated in an ICH mouse model and in oxygen-and-glucose-de-
privation (OGD)/hemin (OGD/H)-induced brain microvascular 
endothelial cells [16]. However, the role and mechanism of ln-
cRNA MEG3 in ICH remain largely unclear. miRNAs, a group of 
small non-coding RNA molecules consisting of 20-22 nucleo-
tides, can regulate target genes by binding with the 3’-UTRs 
of mRNAs [17]. Various reports have confirmed that miRNAs 
act as a vital regulator in the pathology of ICH [18-21]. The 
expression of plasma circulating miR-181b was reported to 
be decreased in patients with ICH compared with that in the 
control group [22]. In addition, a study has revealed that miR-
181b inhibition promotes endoplasmic reticulum (ER) stress-
induced brain damage following ICH by targeting Heat Shock 
Protein A5 (HSPA5) [23]. Interestingly, previous studies have 
suggested an interaction between lncRNA MEG3 and miR-181b 
[24-26]. However, whether lncRNA MEG3 affects ICH-induced 
brain damage through miR-181b remains unclear.

We thus aimed to explore the function of and relationship be-
tween lncRNA MEG3 and miR-181b in ICH models and to ex-
plore the underlying mechanism.

Material and Methods

Animals

A total of 60 male Sprague-Dawley rats (age 6-8 weeks, weight 
220±5 g) were provided by the Experimental Animal Center 
of Shanghai and were housed in standard condition (22±1°C, 
55±5% humidity, 12-h light/dark cycle) with free access to food 
and water. All animal care and procedures were approved by 
the National Institutes of Health Guidelines for the Care and 
Use of Laboratory Animals. Moreover, this study was approved 
by Animal Ethics Committee of Weihai Central Hospital.

Establishment of the Intracerebral Hemorrhage Model

To establish the intracerebral hemorrhage model, rats were 
injected intraperitoneally with bacterial collagenase type VII 
(Sigma Aldrich; Merck KGaA) according to the methods de-
scribed in a previous study [27]. Briefly, rats were anesthe-
tized with intraperitoneal injection of 400 mg/kg 5% chloral 
hydrate. Then, a burr hole was drilled at the injection site (0.2 
mm posterior to the bregma, 3.0 mm left lateral to the mid-
line, 6 mm in depth below the skull). Subsequently, the bac-
terial collagenase type VII (0.23 U dissolved in 1 μl saline; 0.5 
μl/min) was slowly injected into the central striatum of the rat. 
To prevent backflow, the syringe needle was held in place for a 
further 10 min. Subsequently, the holes were sealed with bone 
wax and the rats were placed in a cage with a heating pad at 
a temperature of 37˚C for a period of time. Sham rats were 
injected with saline instead of collagenase. For intracerebral 
hemorrhage therapy, after ICH induction for 1 h, control-shR-
NA, lncRNA MEG3-shRNA, lncRNA MEG3-shRNA+inhibitor con-
trol, or lncRNA MALAT1-shRNA+miR-181b inhibitor were deliv-
ered to rats by intracerebral injection as previously described 
[28]. For intracerebral injection, control-shRNA (2 μg/2 μl), ln-
cRNA MEG3-shRNA (2 μg/2 μl), lncRNA MEG3-shRNA (2 μg/2 
μl) +inhibitor control (2 μg/2 μl), or lncRNA MALAT1-shRNA (2 
μg/2 μl) +miR-181b inhibitor (2 μg/2 μl) were added to 1.25 
μl Entranster™ in vivo transfection reagent, and then the solu-
tion was mixed gently and left for 15 min. Treatment was per-
formed once a day for 3 consecutive days. Rats were grouped 
into 6 groups: Sham, ICH, ICH+control-shRNA, ICH+lncRNA 
MEG3-shRNA, ICH+lncRNA MEG3-shRNA+inhibitor control, and 
ICH+lncRNA MEG3-shRNA+miR-181b inhibitor group.

Cell Culture

Neurons in ICH rats brain tissues were separated and digest-
ed for 1 h. Then, the neurons were grown in neurobasal medi-
um (Gibco; USA) with B27 supplement, 10% FBS (Gibco; USA), 
100 U/ml penicillin/streptomycin, and 0.5 mmol/l glutamine in 
a humidified atmosphere with 5% CO2 at 37°C.
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The 293T cell line was obtained from the ATCC. The cells were 
cultured in DMEM with 10% FBS, 1% GlutaMax, and 1% pen-
icillin/streptomycin (Abcam, MA) in a humidified atmosphere 
with 5% CO2 at 37°C.

Cell Apoptosis Assay

An annexin V-fluorescein isothiocyanate (FITC)/propidium io-
dide (PI) apoptosis detection kit (Beyotime, Shanghai, China) 
was used to evaluate neuronal apoptosis following the man-
ufacturer’s protocol. After that, cell apoptosis was assessed 
using a BD FACSCalibur flow cytometer (BD Biosciences) and 
these data were calculated using Kaluza analysis software.

Dual-luciferase Reporter Assay

Bioinformatics software was used to predict the binding sites 
between miR-181b and lncRNA MEG3. Then, the lncRNA MEG3 
3’UTR, which contains the miR-181b binding site or mutated 
target site, were compounded by genomic PCR and cloned 
into pGL-3-Luc (Promega, USA) to generate the reporter vec-
tor MEG3-wild-type (MEG3-WT) or MEG3-mutated-type (MEG3-
MUT). Then, 293T cells were transfected with MEG3 wild-type 
or mutant portion combined with miR-181b mimic or mimic 
control by applying Lipofectamine 2000 (Invitrogen) in accor-
dance with the manufacturer’s manual. Then, the luciferase 
activity was determined using the Dual-Luciferase Reporter 
Assay System (Promega, USA).

Evaluation of Neurological Scores

To evaluate neurological function after treatment, the mNSS 
method was conducted at 1 h or 3 days after ICH. The mNSS test 
included motor, sensory, reflex, and balance tests. Neurological 
function was graded on a 0-18 scale.

Brain Edema Measurement

The brain water content of rat brain tissue was measured to 
assess brain edema according to a published protocol [29]. 
Three days after ICH or sham induction, rats were random-
ly selected and anesthetized with chloral hydrate. Then, the 
brain tissue was separated into contralateral and ipsilateral 
hemispheres and cerebellum. We determined the wet weight 
of samples, and then placed them in an oven at 100°C for 24 
h to get the dry weight. Water content was calculated follow-
ing this formula: Brain water content (%)=(wet weight-dry 
weight)/wet weight×100%.

Detection of Caspase-3 Activity

The Caspase-3 Assay Kit (Abcam, China) was utilized to analyze 
caspase-3 activity in nerve cells following the manufacturer’s 

protocol. Briefly, nerve cells were lysed, centrifuged, and collected. 
Then, supernatant was co-incubated with caspase-3 reagent. After 
that, the optical density (OD) of caspase-3 activity was detected 
using a microplate reader (Thermo LabSystem, Finland) at 405 nm.

ELISA	Assay

Three days after ICH induction, blood and cerebrospinal fluid 
(CSF) were harvested from all rats through piercing the heart 
and foramen magnum prior to sacrifice. Blood samples were 
centrifuged at 1000×g for 5 min at 4°C, and CSF samples were 
immediately centrifuged at 12 000 g for 30 min at 4°C. Then, 
the levels of inflammatory factors tumor necrosis factor (TNF)-a 
(cat no. PT516) and interleukin (IL)-1b (cat no. PI303) in serum 
and CSF were measured using ELISA kits (Beyotime, Shanghai, 
China) referring to the product instructions.

Oxidative Stress Measurement

Tissue homogenate was treated with HEPES buffer, mixed, 
and centrifuged at 1500 g at 4°C. Then, the supernatant was 
collected and the thiobarbituric acid reaction method was ap-
plied to measure malondialdehyde (MDA) levels in brain tissue. 
Moreover, a SOD assay kit (Abcam, China) was applied to de-
termine the superoxide dismutase (SOD) activity in brain tis-
sue referring to the manufacturer’s instructions.

Quantitative Reverse Transcription PCR (qRT-PCR)

Total RNA from brain tissues cells was extracted by TRIzol re-
agent (Invitrogen, UK) following the manufacturer’s instruc-
tions. Then, total RNA was reverse transcribed into cDNA with 
a Reverse Transcription Kit (Fermentas, USA). The expression 
of lncRNA MEG3 was detected by a SYBR Green PCR Master 
Mix Kit (TaKaRa, Japan). Primers were obtained from Sangon 
Biotech (China). The reaction was run in triplicate using the ABI 
PRISM 7900 sequence detection system (Applied Biosystems, 
USA). Primer sequences used for qPCR were:
lncRNA MEG3 forward 5’-CTGCCCATCTACACCTCACG-3’;
reverse 5’-CTCTCCGCCGTCTGCGCTAGGGGCT-3’
miR-181b forward 5’-GGCGAGGACTTTAATCTTGGTG-3’;
reverse 5’-AGACACCACTTTGCCATCCACT-3’;
GAPDH forward 5’-GACCTGACCTGCCGTCTA-3’;
reverse 5’-AGGAGTGGGTGTCGCTGT-3’;
U6 forward 5’-CTCGCTTCGGCAGCACAT-3’;
reverse 5’-AACGCTTCACGAATTTGCGT-3’.
The relative gene expression was evaluated using 2–DDCq meth-
od [30].

Western Blot Analysis

Brain tissue sample protein was collected and separated us-
ing RIPA buffer (Beyotime). The concentration of samples was 
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determined using the BCA Protein Assay Kit (Solarbio, USA). 
After that, the samples were mixed, boiled, centrifuged, re-
solved by 10% SDS-PAGE, and subsequently transferred onto 
PVDF membranes. After blocking, the membranes were cul-
tivated in 4°C overnight with primary antibodies (1: 1000 di-
lution) against p-AKT (cat no. ab38449; Abcam), AKT (cat no. 
ab18785; Abcam), and GAPDH (cat no. ab9485; Abcam), re-
spectively. After washing with PBST, membranes were culti-
vated with the secondary antibody (1: 2000; cat no. ab7097; 
Abcam) for 2 h at room temperature. Finally, proteins were 
visualized using ECL western blotting detection kits (Pierce 
Biotechnology) referring to the manufacturer’s protocol.

Statistical Analyses

Statistical analyses were conducted using SPSS 20.0. All results 
are expressed by mean±SD. Mean differences among groups 
were estimated with the unpaired t test or one-way ANOVA. 
* P <0.05, and ** P<0.01 indicated a significant difference.

Results

lncRNA MEG3 Was Overexpressed in Brain Tissues of ICH 
Rats

Firstly, we assessed the lncRNA MEG3 level from brain tissues 
of ICH rats using qRT-PCR after ICH models establishment. 
Figure 1 shows that that compared to sham group, lncRNA 
MEG3 was upregulated in ICH rats.

miR-181b Directly Interacted with lncRNA MEG3

To explore the potential mechanisms of lncRNA MEG3, the 
TargetScan target prediction program was applied to make 

bioinformatics predictions. Our data disclosed a potential ln-
cRNA MEG3 binding site on miR-181b (Figure 2A). Then, we 
applied the dual-luciferase reporter system to confirm the re-
lationship between lncRNA MEG3 and miR-181b. These re-
sults indicated that upregulation of miR-181b dramatically 
suppressed luciferase activity of MEG3-WT reporter but had 
no effects in the MEG3-MUT group (Figure 2B). These observa-
tions indicated that miR-181b directly binds to lncRNA MEG3.
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Figure 1.  The expression level of LncRNA MEG3 in brain tissues 
of ICH rats. Three days after ICH induction, lncRNA 
MEG3 levels in brain tissues from sham and ICH rats 
were determined using qRT-PCR. ** P<0.01 vs sham.
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Figure 3.  The level of miR-181b in brain tissues from sham and 
ICH rats. Three days after ICH induction, the expression 
of miR-181b in brain tissues of sham and ICH rats was 
measured by qRT-qPCR. ** P<0.01 vs sham.
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Figure 2.  miR-181b directly interacted with lncRNA MEG3. 
(A) The relationship between lncRNA MEG3 and 3’UTR 
of miR-181b was predicted. (B) Dual-luciferase reporter 
activities of reporters containing wild-type or mutant 
MEG3 were analyzed. ** P<0.01 vs mimic control.
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miR-181b Was Downregulated in ICH Rats Brain Tissues

To further elucidate whether miR-181b is mediated via lncRNA 
MEG3, we used qRT-PCR analysis to evaluate the miR-181b lev-
el in brain tissues of rats in the sham group and ICH group. 
Our findings suggested that miR-181b was notably downreg-
ulated in the brain tissues of ICH rats compared to the sham 
group (Figure 3). Our results revealed that miR-181b was 
downregulated in ICH rats brain tissues, suggesting that ln-
cRNA MEG3 is involved in ICH progression by negatively reg-
ulating miR-181b levels.

miR-181b Inhibitor Reversed the Effects of lncRNA MEG3-
shRNA on miR-181b Expression in ICH Rats Brain Tissues

We further assessed the relationship between miR-181b and 
lncRNA MEG3 in ICH. Control-shRNA, MEG3-shRNA, inhibitor 
control, or miR-181b inhibitor were injected into ICH rats, and 
miR-181b and lncRNA MEG3 levels were measured using qRT-
PCR analysis. As presented in Figure 4A, compared to control-
shRNA, MEG3-shRNA remarkably suppressed lncRNA MEG3 
expression in ICH rat brain tissues. Moreover, we found that 
miR-181b expression in the ICH+miR-181b inhibitor group was 
markedly decreased compared with the ICH+inhibitor control 
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Figure 4.  Effect of lncRNA MEG3-shRNA or miR-181b inhibitor on miR-181b expression in ICH rats brain tissues. After ICH stimulation 
for 1 h, control-shRNA, MEG3-shRNA, inhibitor control, or miR-181b inhibitor were injected into ICH rats. Three days after 
ICH induction, (A) qRT-PCR analysis of MEG3-shRNA on lncRNA MEG3 expression; (B) The inhibitory effect of miR-181b 
inhibitor on miR-181b levels was detected using qRT-PCR; (C) qRT-PCR assay was performed to measure miR-181b level in 
brain tissues of ICH rats after MEG3-shRNA + miR-181b inhibitor or MEG3-shRNA +inhibitor control treatment. ** P<0.01 vs 
ICH+control-shRNA; ## P<0.01 vs ICH+inhibitor control; && P<0.01 vs ICH+MEG3-shRNA+inhibitor control.
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Figure 5.  Effects of lncRNA MEG3-shRNA on neurological damage in ICH rats. After ICH induction, ICH rats were treated with control-
shRNA, lncRNA MEG3-shRNA, inhibitor control, or miR-181b inhibitor. (A) At 1 hour following ICH or sham operation, the 
neurobehavioral scores of rats were measured by neurological severity score method. (B) The mNSS test was applied to 
assess neurobehavioral scores at 3 days after ICH or sham operation in different groups. (C) Three days after ICH induction, 
brain water contents were assessed using the wet/dry method in different groups. ** P<0.01 vs Sham; #, ## P<0.05, 0.01 vs 
ICH+control-shRNA; &, && P<0.05, 0.01 vs ICH+MEG3-shRNA+inhibitor control.
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group (Figure 4B). In addition, compared with the control-
shRNA group, MEG3-shRNA significantly upregulated miR-
181b levels in ICH rats. The effects of MEG3-shRNA on miR-
181b were reversed by miR-181b inhibitor in ICH rats brain 
tissues (Figure 4C). In conclusion, these observations suggest 
that miR-181b interferes with lncRNA MEG3 functions in ICH.

miR-181b Inhibited Brain Edema and Reduced Neurological 
Damage in ICH Rats

To investigate the functions of miR-181b in ICH rats, we also 
determined brain edema and neurological severity scores of 
ICH mice. At 1 h after ICH stimulation, the neurobehavioral 
scores in the ICH groups were obviously improved compared to 
the sham group, but there was no obvious neurological dam-
age in the other groups (Figure 5A). Meanwhile, as displayed 
in Figure 5B, after ICH induction for 3 days, intraventricular 
injection of lncRNA MEG3-shRNA resulted in the reduction 
of neurobehavioral scores. However, compared to the inhib-
itor control group, the neurobehavioral scores of the MEG3-
shRNA+miR-181b inhibitor group were significantly increased, 
demonstrating that miR-181b relieved neurological injury in 
ICH. As brain edema serves a vital role in ICH-induced brain 
damage, we next detected the brain water content in differ-
ent groups. Our data in Figure 5C show that brain edema in 
the ICH group was clearly increased, which was subsequently 
decreased following MEG3-shRNA treatment. However, down-
regulation of miR-181b led to a marked increase in brain wa-
ter content (Figure 5C). These findings reveal that miR-181b 
can alleviate brain damage in ICH rats.

miR-181b Inhibitor Reversed the Effects of lncRNA MEG3-
shRNA on Neurons Apoptosis in ICH Rats

To further analyze the function of miR-181b in ICH, we ana-
lyzed the apoptosis of neurons and related apoptotic pathways. 
Results suggested that neuronal apoptosis and caspase-3 ac-
tivity in ICH groups were higher than that in the sham group. 
Moreover, compared with the ICH+control-shRNA group, the 
neuronal apoptosis and caspase-3 activity in the ICH+MEG3-
shRNA group were notably attenuated. However, miR-181b 
inhibitor significantly promoted neuronal apoptosis and cas-
pase-3 activity (Figure 6A-6C). Therefore, our findings indicate 
that miR-181b inhibits neuronal apoptosis.

miR-181b Inhibitor Abolished the Functions of lncRNA 
MEG3-shRNA in Inflammatory Response and Oxidative 
Stress in ICH

Given that immunoreaction and oxidative stress are critical in-
dicators in the pathogenesis of ICH, we next determined the 
levels of inflammatory cytokine (TNF-a and IL-1b) in ICH rat 
serum and CSF using ELISA. We observed that the expression 

of TNF-a (Figure 7A, 7B) and IL-1b (Figure 7C, 7D) in the CSF 
and serum were obviously increased in ICH rats. Figure 7 also 
demonstrates that MEG3-shRNA remarkably attenuated TNF-a 
and IL-1b levels in ICH rats CSF and serum in comparison with 
the control-shRNA group. These decreases were reversed fol-
lowing miR-181b inhibitor treatment.

Abnormal oxidative stress resulted in ICH-stimulated brain 
damage. Thus, we then investigated whether miR-181b plays 
a role in oxidative stress in ICH by determining MDA and SOD 
levels in the serum of rats. Compared to the sham group, we 
observed higher MDA levels (Figure 7E) and lower SOD ac-
tivity (Figure 7F) in the serum of ICH rats. The MDA expres-
sion was markedly suppressed and the activity of SOD was 
strongly increased in the ICH+MEG3-shRNA group compared 
to the ICH+control-shRNA group. However, after miR-181b in-
hibition, these results were abolished. Taken together, our 
data demonstrate that lncRNA MEG3-shRNA prevents ICH-
stimulated oxidative stress and inflammation through regu-
lating miR-181b levels.

lncRNA MEG3 Regulated the PI3K/AKT Pathway in ICH 
Rats by Targeting miR-181b

Previous reports have confirmed that miR-181b exerts func-
tions by regulating the PI3K/AKT pathway [31,32]. Therefore, in 
this study, we explored the effects and molecular mechanism 
of miR-181b in the PI3K/AKT pathway in ICH rats. As exhibit-
ed in Figure 8, the expressions of p-AKT protein were remark-
ably suppressed and the ratio of p-AKT/AKT was significantly 
decreased in ICH rats tissues compared with the sham group. 
Compared with the ICH+control-shRNA group, the p-AKT pro-
tein level and p-AKT/AKT ratio in the ICH+MEG3-shRNA group 
were markedly increased. However, these effects were abol-
ished by miR-181b inhibitor. Our findings indicated that lncRNA 
MEG3 is crucial for CH development by targeting miR-181b.

Discussion

ICH is a serious public health problem causing high mortality 
and disability around the world [33]. Moreover, previous reports 
have confirmed that many self-destructive processes, including 
inflammation, apoptosis, and oxidative stress, are vital regu-
lators leading to ICH-induced brain injury [34]. Despite prog-
ress in research and preclinical identification, the pathophysi-
ological mechanism and effective treatments for ICH have not 
been found. Therefore, discovering the pathogenesis of ICH 
and finding effective therapeutic strategies are greatly needed.

lncRNAs are reported to regulate many diseases. A study by 
Chen et al demonstrated that lncRNA Mtss1 promotes inflam-
matory responses and secondary brain injury after ICH by 
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targeting miR-709 in mice [35]. However, the roles of lncRNA 
in ICH have not been fully investigated. Moreover, the role of 
lncRNA MEG3 in ICH remains largely unclear. Thus, the present 
study was designed to determine the effects of lncRNA MEG3 
and particular mechanisms in brain tissues in ICH. Firstly, we 
conducted an ICH rat model and then determined the lncRNA 
MEG3 levels in ICH and sham rats by qRT-PCR. We observed 
lncRNA MEG3 levels in ICH rats were higher than that in the 

sham group, suggesting that lncRNA MEG3 participates in the 
pathogenic process of ICH. lncRNA MEG3, a maternally ex-
pressed gene related to many human cancers, was found to 
act as a linker to activate some miRNAs [36]. Recently, Shen 
et al discovered lncRNA MEG3 acts as an endogenous RNA 
to mediate HOXA11 expression through targeting miR-181a 
in multiple myeloma [37]. miR-181b was found to be an im-
portant regulatory miRNA relating to many human diseases. 
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Figure 6.  miR-181b inhibitor abolished the effects of lncRNA MEG3-shRNA on neuronal apoptosis in ICH rats. Rats were grouped 
into 6 groups: Sham, ICH, ICH+control-shRNA, ICH+lncRNA MEG3-shRNA, ICH+lncRNA MEG3-shRNA+inhibitor control, and 
ICH+lncRNA MEG3-shRNA+miR-181b inhibitor. Three days after ICH induction, neuronal apoptosis was calculated using 
flow cytometry in different groups (A) and quantitative analysis of apoptotic cells was performed (B). (C) The activity of 
caspase-3 in different groups was determined. ** P<0.01 vs Sham; ## P<0.01 vs ICH+control-shRNA; && P<0.01 vs ICH+MEG3-
shRNA+inhibitor control.
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Figure 7.  miR-181b inhibitor reversed the effects of lncRNA MEG3-shRNA on inflammatory response and oxidative stress in ICH 
rats. Rats were divided into 6 groups: Sham, ICH, ICH+control-shRNA, ICH+lncRNA MEG3-shRNA, ICH+lncRNA MEG3-
shRNA+inhibitor control, and ICH+lncRNA MEG3-shRNA+miR-181b inhibitor. Three days after ICH induction, levels of TNF-a 
(A, B) and IL-1b (C, D) in the rat CSF and serum of all rats were measured using ELISA. MDA (E) and SOD activity (F) in 
the serum of rats were determined. ** P<0.01 vs Sham; ## P<0.01 vs ICH+control-shRNA; &, && P<0.05, 0.01 vs ICH+MEG3-
shRNA+inhibitor control.
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miR-181b acts as either a carcinogen or a tumor-inhibiting fac-
tor in many tumors [38]. In addition, based on TargetScan and 
dual-luciferase reporter assay, we found that lncRNA MEG3 di-
rectly regulated the miR-181b level by binding to the 3’UTR 
of miR-181b. Meanwhile, it was reported that downregulation 
of lncRNA MEG3 inhibited osteosarcoma cell growth, migra-
tion, and invasion and promoted apoptosis through targeting 
miR-127 [39]. We speculated that inhibited lncRNA MEG3 ex-
pression or altered miR-181b expression could influence the 
development of ICH. To confirm our hypothesis, we inject-
ed control-shRNA, lncRNA MEG3-shRNA, inhibitor control, or 
miR-181b inhibitor into brain tissues 1 h after ICH induction. 
Our data confirmed that lncRNA MEG3-shRNA remarkably in-
hibited lncRNA MEG3 expression in ICH brain tissues and en-
hanced miR-181b expression, while miR-181b inhibitor re-
versed these effects. Furthermore, the level of miR-181b was 
depressed in the ICH+miR-181b inhibitor group. In conclusion, 
our data show that miR-181b inhibitor interfered with lncRNA 
MEG3 functions in brain tissues of ICH rats.

Our research further evaluated whether lncRNA MEG3-shRNA 
has a protective effect on ICH rats. After 1 h or 3 days after ICH 
induction, we evaluated neurobehavioral scores using mNSS 
to assess the neurological damage in ICH rats. Our data re-
vealed that lncRNA MEG3-shRNA decreased neurological in-
jury, as evidenced by lower neurological scores, which were 
inducted by ICH stimulation for 1 h or 3 days. However, the 
neurological scores in the ICH+lncRNA MEG3-shRNA+miR-181b 
inhibitor group were obviously increased compared to the in-
hibitor control group. Brain edema is an important marker of 
inflammatory response and tissue injury during ICH [40]. Thus, 
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Figure 8.  (A, B) Effect of lncRNA MEG3 on PI3K/AKT pathway in ICH rats by targeting miR-181b. One hour after ICH induction, control-
shRNA, lncRNA MEG3-shRNA, inhibitor control, or miR-181b inhibitor were injected into rats. Three days after ICH induction, 
the protein levels of p-AKT and AKT were assessed using western blotting in different groups. The ratio of p-AKT/AKT was 
calculated and presented. ** P<0.01 vs sham; ## P<0.01 vs ICH+control-shRNA; && P<0.01 vs ICH+MEG3-shRNA+inhibitor 
control.

reducing brain edema could be a novel method for ICH treat-
ment. Results from brain edema assessment indicated that ln-
cRNA MEG3-shRNA significantly suppressed the cerebral water 
content, which was abolished by miR-181b inhibitor.

Neuronal apoptosis, inflammatory response and oxidative stress 
are 3 vital elements of brain damage [41]. The present study 
shows that neuronal apoptosis and oxidative stress were re-
markably alleviated following lncRNA MEG3-shRNA treatment, 
and we observed the opposite effects in the lncRNA MEG3-
shRNA+miR-181b inhibitor group. The results of the caspase3 
activity assay suggested that the activity of caspase3 was con-
spicuously inhibited, and this inhibition was reversed by miR-
181b inhibitor. To further illustrate the mechanism of lncRNA 
MEG3 in ICH, we assessed the roles of lncRNA MEG3 in pro-
inflammatory cytokine secretion and oxidative stress. Our re-
sults show that lncRNA MEG3-shRNA decreased the levels of 
TNF-a and IL-1b in ICH rat serum and CSF. Previous reports 
found that oxidative stress is highly related to ICH-induced 
brain damage [42,43]. In accordance with previous reports, we 
found that lncRNA MEG3-shRNA injection alleviated oxidative 
damage in the brain, as evidenced by decreased MDA level, and 
promoted SOD activity. However, these effects were reversed 
by miR-181b inhibitor, suggesting that the protective effects of 
lncRNA MEG3-shRNA in ICH rats occur by targeting miR-181b.

Chen et al found that the PI3K/AKT pathway participates in 
the progression of ICH [44]. Thus, we further assessed whether 
the PI3K/AKT pathway is involved in the action of miR-181b in 
ICH rats. Results from western blotting suggested that lncRNA 
MEG3-shRNA remarkably increased the p-AKT expression and 
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increased p-AKT/AKT ratio in the ICH rats brain tissues, while 
inhibition of miR-181b obviously reduced the protein expres-
sion of p-AKT and decreased the ratio of p-AKT/AKT.

Conclusions

Our observations show that lncRNA MEG3-shRNA exerts neu-
roprotective effects during ICH-induced brain injury via sup-
pressing oxidative stress and inflammation in an miR-181b-
dependent manner, indicating that lncRNA MEG3 may be a 
novel agent for clinical treatment of ICH.
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