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Knockdown of long noncoding RNA metastasis-associated lung adenocarcinoma 
transcript 1 protects against intracerebral hemorrhage through microRNA-146a- 
mediated inhibition of inflammation and oxidative stress
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ABSTRACT
Studies have demonstrated that long noncoding RNAs (lncRNAs) are important regulators of intracer
ebral hemorrhage (ICH) and participants in ICH pathogenesis. We designed this study to probe the 
potential functions and mechanisms of lncRNA metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) in ICH. The ICH model was established and the rats were treated with MALAT1-shRNA or 
MALAT1-shRNA+miR-146a inhibitor 1 h after ICH induction. A dual-luciferase reporter assay was 
employed to examine the relationship between MALAT1 and miR-146a. In addition, rat neurobehavioral 
changes, brain water content, and neuronal apoptosis were measured in this study. Furthermore, the 
pro-inflammatory markers tumor necrosis factor alpha (TNF-α) and interleukin (IL)-1β were determined 
by enzyme-linked immunosorbent assays (ELISAs), while the oxidative stress factors, including mal
ondialdehyde (MDA) and superoxide dismutase (SOD), were also evaluated. Lastly, a Western blot assay 
was employed to examine the protein levels of phosphorylated (p)-p65 and p65. First, we found that 
MALAT1 was expressed at higher levels in ICH rats. miR-146a is a target gene of MALAT1 and is 
downregulated in ICH rats. Downregulation of MALAT1 inhibited the neurological scores, brain water 
content, and neuronal apoptosis, reduced the levels of pro-inflammatory cytokines, and prevented 
oxidative stress in ICH rats. In addition, the protein level of p-p65 and the ratio of p-p65/p65 were 
decreased in the MALAT1-shRNA group. All the effects of MALAT1-shRNA on ICH rats were reversed by 
miR-146a inhibitor co-treatment. In conclusion, downregulation of MALAT1 protected against ICH by 
suppressing inflammation and oxidative stress by upregulating miR-146a.
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Introduction

Intracerebral hemorrhage (ICH) is a common 
acute neurological disorder that accounts for 

approximately 15% of strokes and carries a high 
risk of morbidity and disability [1,2]. At present, 
effective therapeutic options for ICH are limited, 
and few pharmacological or surgical therapies 
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provide great benefits [3]. ICH injury can be clas
sified into two continuous but indivisible pro
cesses, namely primary brain damage and 
secondary brain damage [4]. Primary brain injury 
is the initiation and dilation of the hematoma, 
resulting in physical injury to brain tissues [5]. 
Primary brain damage then exacerbates various 
pathological processes, such as oxidative stress, 
neuronal death (including apoptosis and necrosis), 
inflammation, and reactive oxygen species (ROS) 
generation, resulting in secondary brain injury 
(SBI) [6]. Thus, probing the regulatory mechanism 
of SBI may be a promising policy for the treatment 
of ICH.

Long noncoding RNA (lncRNA), a type of non- 
coding RNA consisting of more than 200 nucleo
tides, has no translational activity [7]. Multiple 
studies have shown that lncRNAs participate in 
diverse biological processes, such as cell prolifera
tion, apoptosis, tumorigenesis, and metastasis 
[8,9]. In addition, changes in lncRNA may result 
in various diseases, including neoplastic disorders, 
dementia, epilepsy, and ICH [10–13]. It has been 
reported that the lncRNA NKILA induces the 
endoplasmic reticulum stress/autophagy pathway 
and inhibits the nuclear factor-k-gene binding 
pathway in ICH rats [14]. Zhang et al. demon
strated that lncRNA Snhg3 resulted in the dys
function of cerebral microvascular cells in ICH 
rats by activating the TWEAK/Fn14/STAT3 path
way [15]. Metastasis-associated lung adenocarci
noma transcript 1 (MALAT1) is a highly 
conserved nuclear lncRNA that was initially iden
tified as a premonitory symbol for lung cancer 
metastasis [16]. An increasing number of studies 
have illustrated the important roles of MALAT1 in 
the progression of diseases associated with inflam
mation, apoptosis, and oxidative stress [17–19]. 
Fang et al reported that MALAT1 silencing 
enhances the cerebral protection of dexmedetomi
dine against hypoxic-ischemic brain damage 
through the inhibition of apoptosis of hippocam
pal neurons by suppressing Wnt family member 1 
expression [17]. MALAT1 promotes inflammatory 
responses in Parkinson’s disease [18]. Moreover, 
MALAT1 plays an important role in cardiovascu
lar disease by controlling oxidative stress [19]. 
These findings suggested that MALAT1 plays key 
roles in the regulation of inflammation, apoptosis, 

and oxidative stress which are key factors in SBI. 
To date, the function of MALAT1 in ICH remains 
unclear. We hypothesized that MALAT1 plays 
a role in ICH through regulating neuronal inflam
mation, apoptosis, and oxidative stress.

MicroRNAs (miRNAs), a series of short single- 
stranded ncRNAs, are known to regulate various 
biological processes, including organ development, 
proliferation, inflammation, and tumorigenesis 
[20]. Recent research has indicated that the expres
sion of miRNAs plays essential roles in regulating 
human diseases, including ICH [21–23]. MiR- 
146a, located on chromosome 5, may regulate 
many illnesses such as spinal cord injury, myocar
dial dysfunction, inflammation, and ICH [24,25]. 
Qu et al. demonstrated that miR-146a could pre
vent ICH by suppressing inflammation and oxida
tive stress [25]. Additionally, it is widely known 
that miRNAs can interact with lncRNAs to deter
mine their biological functions. Dai et al. showed 
that downregulation of lncRNA MALAT1 inhib
ited the inflammatory response by upregulating 
miR-146a in LPS-induced acute lung injury [26]. 
However, whether lncRNA MALAT1 could exert 
effects on ICH by targeting miR-146a remains to 
be explored.

In this study, we hypothesized that MALAT1 
plays an important role in ICH through regulat
ing neuronal inflammation, apoptosis, and oxi
dative stress via miR-146a. Therefore, this study 
was designed to to assess the functions of 
MALAT1 and the underlying molecular mechan
isms of ICH. Furthermore, whether miR-146a 
interacts with the effects of MALAT1 was also 
addressed.

Materials and methods

Animals

Adult male Sprague–Dawley rats weighing 280– 
320 g were acquired from the Animal Center of 
the Chinese Academy of Sciences (Shanghai, 
China). The rats were kept in a humidity-and 
temperature-controlled environment and a 12 h/ 
12 h light-dark cycle, with adequate food and 
water. All animal procedures were performed in 
accordance with the National Institutes of Health 
guidelines and were approved by the Animal Care 
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and Use Committee of Hengshui People’s Hospital 
(No. AF/SC-08/02.0).

Cell culture

HEK293 cells were obtained from the American 
Type Culture Collection (ATCC, Manassas, VA, 
USA). RPMI 1640 medium supplemented with 
10% FBS and 1% P/S was used to culture cells, 
which were then maintained at 37°C in a 5% CO2 
incubator.

Dual luciferase reporter assay [27]

Studies have reported that there is a binding site 
between MALAT1 and miR-146a. To investigate 
direct target binding, WT and MUT of lncRNA 
MALAT1 3�-UTRs were inserted into a pmirGLO 
vector. HEK293 cells were plated into 24-well 
plates and transfected with WT-MALAT1 or 
MUT-MALAT1 and mimic control or miR-146a 
mimic using Lipofectamine 3000 reagent 
(Invitrogen, Waltham, MA, USA). The luciferase 
activity of HEK293 cells was determined using 
a dual-luciferase assay system (Promega, 
Madison, WI, USA). Luciferase activity was stan
dardized relative to Renilla luciferase activity.

Establishment of intracerebral hemorrhage 
model [25]

To establish the ICH model, rats were anesthetized 
with 5% chloralhydrate (250 mg/kg) by intraper
itoneal injection [25]; no rats exhibited signs of 
peritonitis, pain, or discomfort. After anesthetiza
tion, collagenase type VII (Sigma-Aldrich, 
St. Louis, MO, USA) was slowly injected into the 
left striatum through stereotactic infusion. After 
infusion, the needles were kept at the injection 
site for 5 min. Then, the needle was slowly dis
mantled, and the burr hole was sealed with bone 
wax. Sham rats were infused with an equal amount 
of saline buffer. The control-shRNA (2 μg/μl), 
ALAT1-shRNA (2 μg/μl), MALAT1-shRNA 
(2 μg/μl)+inhibitor control (2 μg/μl), or MALAT1- 
shRNA (2 μg/μl)+miR-146a inhibitor (2 μg/μl) 
were added to Entranster™ in vivo transfection 
reagent (1.25 μl) and the solution was mixed 
gently and left for 15 min. After induction of 

ICH for 1 h, the solution was intracerebroventri
cularly injected into rats as described previously 
[28]. A total of 60 rats were randomly divided into 
following six groups (n = 10): Sham, ICH, ICH 
+control-shRNA, ICH+MALAT1-shRNA, ICH 
+MALAT1-shRNA+inhibitor control, and ICH 
+MALAT1-shRNA+miR-146a inhibitor group. 
We did our best to alleviate the pain in rats, and 
the experiments were terminated when the rats 
lost >15% of their body weight.

Neurological score evaluation [29]

Neurobehavioral tests were performed 1 h and 3 
d post-ICH induction or sham surgery in all rats 
using the modified neurological severity score 
method (mNSS). The mNSS tests consisted of 
motion tests, sensory tests, beam balance tests, 
and a lack of reflection and abnormal motion. 
The neurological function score was 0-18 (normal 
neurological score, 0; maximal deficit score, 18).

Brain edema assessment [25]

To evaluate brain edema in different groups, we con
firmed the brain water content. In brief, rats were 
anesthetized using intraperitoneal 4% chloral hydrate 
and then beheaded. Then, brain tissues were sepa
rated into two hemispheres, and the hemispheres 
were further divided into two sections, including the 
cortex and basal ganglia. After removing the hema
toma, the tissues were weighed to obtain the wet 
weight. The dry weight was measured after baking 
in an oven at 160°C for 24 h. Lastly, the formula: [(wet 
weight − dry weight)/wet weight]×100% was used to 
count the brain water content.

Flow cytometric analysis [30]

To assess brain cell apoptosis, the Annexin V/ 
propidium iodide (PI) Cell Apoptosis Detection 
Kit (KeyGen Biotech, Nanjing, China) was used. 
Brain tissue was isolated and then separated into 
cell suspensions using a neural tissue dissociation 
kit (Miltenyi Biotec, Bergisch Gladbach, 
Germany). Furthermore, cells were re-suspended 
in binding buffer, 5 μl of annexin V, and 5 μl of PI, 
and incubated for 15 min while avoiding light. 
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Finally, the cells were analyzed via flow cytometry 
using FlowJo software (version 10.0).

ELISA [31]

After ICH induction, blood and cerebrospinal 
fluid (CSF) were collected after puncture of the 
heart and macropore. Then, the CSF and blood 
samples from rats were centrifuged at 12,000 × g 
for 30 min and 1,000 × g for 5 min at 4°C. The 
concentrations of TNF-α and IL-1β in the super
natants were detected using an ELISA kit 
(Beyotime, Shanghai, China).

Detection of oxidative stress factors [25]

The thiobarbituric acid reaction method was 
employed to determine malondialdehyde (MDA) 
levels. First, 100 μl homogenate samples and 100 μl 
SDS cracking buffer were added to the microcen
trifuge tube, shaken fully, and cultured at room 
temperature for 5 min. In addition, 250 μl thio
barbituric acid was added and the cells were cul
tured at 95°C for 1 h, followed by centrifugation at 
3000 rpm for 15 min. After that, 300 μl super
natant was added to another tube containing 
300 μl n-butanol. Finally, the tube was centrifuged 
at 10,000 g at 4°C for 5 min, and the absorbance 
was measured at 532 nm on a microplate reader.

An SOD assay kit (Beyotime, Haimen, China) was 
used for the detection of superoxide dismutase (SOD) 
activity. The brain tissues were homogenized and 
centrifuged at 12,000 × g for 5 min at 4°C. 
Superabundant cells were used for the SOD assay 
following the manufacturer’s protocol. Finally, the 
OD450 was measured using a microplate reader 
(BioTek, USA).

Reverse transcriptase quantitative polymerase 
chain reaction (RT-qPCR)

TRIzol reagent (Invitrogen) was used to isolate total 
RNA from the brain tissues. Total RNA was then 
transcribed into cDNA using the QuantiTect 
Reverse Transcription Kit (Qiagen, Hilden, 
Germany). The quantitative real-time (qRT)-PCR 
assay was performed using a Rotor-Gene SYBR 
Green PCR Kit with the following reaction: 5 s at 
95°C and 10s at 60°C for 45 cycles after an initial 

denaturation step of 5 min at 95°C. RNA abundance 
was determined using the 2−ΔΔCq method [32], U6 
or GAPDH was adopted as the internal control.

Western blot assay [33]

Briefly, the brain tissues were collected, and the total 
protein was extracted using RIPA lysate buffer 
(Beyotime). Protein concentrations were determined 
using the BCA kit (Beyotime). Then, equal amounts 
of samples were applied to 10–12% SDS- 
polyacrylamide gel, separated, and then transferred 
to PVDF membranes. In addition, the membranes 
were blocked in 5% skim milk for 60 min at RT and 
incubated with the following primary antibodies: 
p-p65 (cat. no. ab76302; Abcam, Cambridge, UK; 
1:1000), p65 (cat. no. ab19870; Abcam; 1:1000), and 
GAPDH (cat. no. ab22555; Abcam; 1:1000) overnight 
at 4°C. After that, the membranes were incubated 
with an HRP-conjugated secondary antibody (cat. 
no. ab96899; Abcam, 1:2000) at RT for 1 h. Finally, 
the protein bands were visualized using enhanced 
chemiluminescence (ECL).

Statistical analysis

Each measurement was processed using SPSS (ver
sion 20.0; SPSS, Chicago, IL, USA) and expressed 
as means ± SD. One-way ANOVA with 
a Bonferroni post hoc test was employed for sta
tistical analysis of all data between multiple 
groups. Student’s t-test was used to determine 
the significance of differences between two inde
pendent groups. Significant differences between 
the groups were set at p < 0.05.

Results

Long noncoding RNA MALAT1 was upregulated 
in intracerebral hemorrhage rats

To determine the function of lncRNA MALAT1 in 
ICH, an in vivo ICH model was conducted, and 
qRT-PCR assay was then performed to check the 
MALAT1 levels in ICH and sham rats. As pre
sented in Figure 1a, the MALAT1 level was higher 
in ICH rats than in sham rats.
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MALAT1 targeted miR-146a and miR-146a was 
downregulated in ICH rats

Previous studies have shown the binding sites 
between MALAT1 and miR-146a (Figure 1b). In the 
present study, a luciferase reporter assay was per
formed to determine the binding region. Briefly, 
HEK293 cells were co-transfected with the 
pmirGLO vector containing the 3ʹ-UTR of 
MALAT1 together with miR-146a mimic or mimic 
control. As demonstrated in Figure 1c, the luciferase 
activity of WT-MALAT1 was markedly decreased in 
the miR-146a mimic group compared to the mimic 
control, while no obvious promotion in 
MUT-MALAT1 activity was observed.

Moreover, qRT-PCR was performed to deter
mine miR-146a levels in ICH and sham rats. In 
the ICH group, the level of miR-146a was lower 
than that in the sham group (Figure 1d). These 
data showed that MALAT1 directly targeted miR- 
146a, and miR-146a was decreased in ICH rats.

Downregulation of MALAT1 regulated miR-146a 
expression in ICH rats

To determine the effects of MALAT1 in ICH rats, 
after ICH induction for 1 h, control-shRNA, 

MALAT1-shRNA, MALAT1-shRNA+inhibitor con
trol, or MALAT1-shRNA+miR-146a inhibitor were 
transfected into ICH rats via intraventricular 
injection.

To probe the correlation between MALAT1 and 
miR-146a in ICH rats, qRT-PCR was performed to 
verify the transfection efficiency. As shown in 
Figure 2a, the expression of MALAT1 in the ICH 
group was higher than that in the sham group, and 
the expression of MALAT1 was reduced by 
MALAT1-shRNA in ICH rats compared to ICH + 
control-shRNA rats. In addition, compared to the 
sham rats, the expression of miR-146a was decreased 
in ICH rats. The expression of miR-146a was higher 
in the MALAT1-shRNA-transfected ICH rats than in 
the ICH + control-shRNA rats. Furthermore, when 
compared to the MALAT1-shRNA+inhibitor con
trol-transfected ICH rats, the expression of miR- 
146a was decreased in MALAT1-shRNA+miR-146a 
inhibitor co-transfected ICH rats (Figure 2b).

Downregulation of MALAT1 reduced neurological 
damage

To assess the neurological damage of the rats, 
neurobehavioral scores were assessed at 1 h and 

Figure 1. Long noncoding RNA MALAT1 was upregulated in intracerebral hemorrhage rats targeted miR-146a and miR-146a was 
downregulated. (a)The expression levels were detected using quantitative real-time PCR (qRT-PCR). (b) Binding sites between 
MALAT1 and miR-146a. (c) Dual-luciferase analysis proved that the miR-146a mimic repressed the luciferase activity of WT-MALAT1, 
while no obvious effects on MUT-MALAT1 activity. (d) The qRT-PCR assay was used to check miR-146a levels in intracerebral 
hemorrhage rats. Results are displayed as mean ± standard deviation, **p < 0.01, vs. sham; ##p < 0.01 vs. mimic control.
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72 h after ICH induction or sham operation in all 
groups using the mNSS test. Our results demon
strated that after ICH induction for 1 h, the neu
robehavioral score in ICH rats was higher than 
that in sham rats, while no obvious differences 
were observed among the other groups 
(Figure 2c). After ICH induction for 72 h, the 
neurobehavioral score in ICH rats was also higher 
than that in sham rats, and the neurological score 
in the MALAT1-shRNA group was lower than that 
in the ICH + control-shRNA group. In addition, 
compared with the ICH + MALAT1-shRNA+inhi
bitor control group, the neurological score was 
evidently higher in the ICH + MALAT1-shRNA 
+miR-146a inhibitor group in ICH rats 

(Figure 2d). These results indicated that downre
gulated MALAT1-shRNA could reduce neurologi
cal damage in ICH rats, and the effects were 
reversed by the miR-146a inhibitor.

Downregulation of MALAT1 decreased brain 
edema

Since brain edema is a necessary part of ICH- 
associated brain injury, the brain water content 
was detected via the wet/dry method. The results 
suggested that brain water content was notably 
higher in ICH rats than in sham rats. In addition, 
compared to the ICH group, the brain water con
tent was notably reduced in the MALAT1-shRNA 

Figure 2. Inhibition of long noncoding RNA MALAT1 reduced neurological damage and brain edema in intracerebral hemorrhage 
rats. After 1 h of intracerebral hemorrhage (ICH) induction, control-shRNA, lncRNA MALAT1-shRNA, MALAT1-shRNA+inhibitor control, 
or MALAT1-shRNA+miR-146a inhibitor were transfected into ICH rats. (a) MALAT1 levels in different groups. (b) Expression of miR- 
146a in different groups. Neurobehavioral scores were assessed using the mNSS test in various groups after ICH for 1 h (c) and 3 
d (d). (e) Brain water content was investigated using the wet/dry method in all groups. Data are displayed as means ± standard 
deviation, **p < 0.01 vs. sham; #, ##p < 0.05, 0.001 vs. ICH+control-shRNA; &, &&p < 0.05, 0.01 vs. ICH+MALAT1-shRNA+inhibitor 
control.
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group. Brain water content in the MALAT1- 
shRNA+miR-146a inhibitor group was enhanced 
further compared with that in the MALAT1- 
shRNA group in ICH rats (Figure 2e).

Downregulation of MALAT1 suppressed 
pro-inflammatory cytokine levels

Next, we explored whether MALAT1 exerted anti- 
inflammatory effects on ICH. The data indicated 
that in comparison to the sham group, the pro-in
flammatory markers TNF-α and IL-1β in the 
serum and CSF were obviously upregulated after 
ICH. The levels of TNF-α and IL-1β were lower in 
the MALAT1-shRNA group than in the ICH + 
control-shRNA group. In addition, in comparison 
with MALAT1-shRNA+inhibitor control in ICH, 
the levels of TNF-α and IL-1β in the serum and 
CSF of ICH rats in the MALAT1-shRNA+miR- 
146a inhibitor group were significantly enhanced 
(Figure 3).

Downregulation of MALAT1 inhibited oxidative 
stress

Exaggerated oxidative stress results in ICH-induced 
brain damage; thus, levels of oxidative stress biomar
kers, such as MDA and SOD, were determined. As 
illustrated in Figure 4, SOD activity was lower and 
MDA levels were markedly enhanced in ICH rats 
compared to those in the sham group. The results 
also indicated that downregulated MALAT1 notably 
promoted SOD activity and suppressed the level of 
MDA compared to the ICH group. Moreover, SOD 
activity was inhibited and MDA levels were upregu
lated in the MALAT1-shRNA+miR-146a inhibitor 
group compared to the MALAT1-shRNA+inhibitor 
control group in ICH rats.

Downregulation of MALAT1 inhibited neuronal 
apoptosis

ICH-induced neuronal apoptosis plays an essential 
role in secondary brain damage. Thus, neuronal 
apoptosis and caspase3 activity were judged to 
determine the effects of MALAT1 on neurons. In 
comparison to the sham group, apoptotic cells and 
caspase3 activity were distinctly upregulated in the 
ICH group. In addition, the apoptotic cells and 

caspase3 activity were lower in the MALAT1- 
shRNA group than in the ICH + control-shRNA 
group. Moreover, in comparison with the 
MALAT1-shRNA+inhibitor control group, the 
apoptotic cells and caspase3 activity were 
increased in the MALAT1-shRNA+miR-146a inhi
bitor group (Figure 5a–c). The above data indi
cated that MALAT1 participates in neuronal 
apoptosis after ICH.

Downregulation of MALAT1 inhibited the NF-κB 
pathway

To further elucidate the molecular mechanism by 
which MALAT1 plays a protective role in ICH, we 
investigated whether the NF-κB pathway was 
involved. It was demonstrated that the protein 
level of p-p65 and the ratio of p-p65/p65 were 
notably upregulated in ICH rats compared to the 
sham rats. We also found that the level of p-p65 
and the ratio of p-p65/p65 were decreased in the 
MALAT1-shRNA group compared to the ICH + 
control-shRNA group. In addition, in comparison 
to the MALAT1-shRNA+inhibitor control group, 
the level of p-p65 and the ratio of p-p65/p65 were 
enhanced in the MALAT1-shRNA+miR-146a 
inhibitor group in ICH rats (Figure 6a and b). 
The mRNA levels of p65 showed no significant 
changes between the groups (Figure 6c).

Discussion

ICH is the most severe type of stroke, causing high 
mortality and disability [1]. Accumulating evi
dence has shown that lncRNAs play an essential 
role in many illnesses, such as neoplastic disorders, 
dementia, epilepsy, and ICH [11,13]. However, the 
involvement of the MALAT1 in ICH has not been 
investigated. The current study is the first to prove 
that MALAT1 is upregulated in ICH rats. In addi
tion, we disclosed new functions and mechanisms 
of MALAT1 in ICH and demonstrated that 
MALAT1 downregulation protected against ICH 
via the suppression of inflammatory response and 
oxidative stress through upregulation of miR-146a.

MALAT1, a crucial lncRNA, is expressed in many 
tissue types. It participates in various diseases and 
biological processes. In the current study, we noticed 
that the MALAT1 level was higher in ICH rats than 
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in the sham group. MiR-146a is considered to be 
associated with the progression of many illnesses, 
including spinal cord injury, myocardial dysfunc
tion, and ICH [17]. Recently, several study has 
shown that miR-146a is a direct target of MALAT1 
[26]. In accordance with previous study, results from 
a dual-luciferase assay proved that MALAT1-shRNA 
promoted WT-miR-146a activity. In addition, miR- 
146a levels were lower in ICH rats than in sham rats.

To further explore the effects of MALAT1 and 
miR-146a in ICH, control-shRNA, MALAT1- 
shRNA, MALAT1-shRNA+inhibitor control, or 
MALAT1-shRNA+miR-146a inhibitor were trans
fected into ICH rats via intraventricular injection. 
The findings indicated that MALAT1 negatively 

regulated the miR-146a expression in ICH rats. 
Neurological scores and brain edema are the most 
important markers of ICH [34]. In the present study, 
we found that MALAT1-shRNA reduced the neuro
logical score and brain water content in comparison 
to the ICH group. However, the results were reversed 
in the MALAT1-shRNA+miR-146a inhibitor group. 
However, this research did not assess the hematoma 
volume in rats and did not perform immunohisto
chemistry on rat brain tissue, which was a limitation 
of this study. Neuronal apoptosis, inflammatory 
response, and oxidative stress are the three key factors 
in SBI [35–37]. Results from the current study 
showed that cell apoptosis and oxidative stress were 
reduced in the MALAT1-shRNA group. The results 

Figure 3. Downregulation of long noncoding RNA MALAT1 inhibited the pro-inflammatory cytokine levels in intracerebral hemor
rhage rats. ELISA was employed to determine the TNF-α and IL-1β levels in the serum and cerebrospinal fluid in rats of sham, ICH, 
ICH+control-shRNA, ICH+MALAT1-shRNA, ICH+MALAT1-shRNA+inhibitor control, and ICH+MALAT1-shRNA+miR-146a inhibitor 
groups. Data are expressed as the mean ± SD. **p < 0.01 vs. Sham; ##p < 0.001 vs. ICH+control-shRNA; &, &&p < 0.05, 0.01 vs. 
ICH+MALAT1-shRNA+inhibitor control.
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were also reversed in the MALAT1-shRNA+miR- 
146a inhibitor group. It was reported that downregu
lation of MALAT1 suppressed inflammation by 
sponging miR-146a in LPS-induced ALI rats [26]. In 
line with previous research, we found that downregu
lation of MALAT1 reduced the expression of the pro- 

inflammatory cytokines TNF-α and IL-1β. The results 
were also overturned in the MALAT1-shRNA+miR- 
146a inhibitor group. A previous study has shown 
that MALAT1 inhibits CD80 transcription by regu
lating the transcription factor NF-κB binding to the 

Figure 4. Downregulation of long noncoding RNA MALAT1 suppressed oxidative stress in intracerebral hemorrhage rats.
SOD activity and MDA levels were measured in rat brain tissues from different groups. Results are displayed as mean ± SD. 
**p < 0.01 vs. Sham; ##p < 0.001 vs. ICH+control-shRNA; &&p < 0.01 vs. ICH+MALAT1-shRNA+inhibitor control. 

Figure 5. Inhibition of long noncoding RNA MALAT1 inhibited neuronal apoptosis in intracerebral hemorrhage rats.
(A and B) The neuronal apoptosis was detected using flow cytometric analysis in the brain tissue of rats from sham, ICH, ICH + 
control-shRNA, ICH + MALAT1-shRNA, ICH + MALAT1-shRNA+inhibitor control, and ICH + MALAT1-shRNA+miR-146a inhibitor 
groups. (C) Caspase3 activity in the brain tissue of rats from sham, ICH, ICH + control-shRNA, ICH + MALAT1-shRNA, ICH + MALAT1- 
shRNA+inhibitor control, and ICH + MALAT1-shRNA+miR-146a inhibitor groups was calculated. Results are expressed as mean ± SD. 
**p < 0.01 vs. sham; ##p < 0.001 vs. ICH + control-shRNA; &&p < 0.01 vs. ICH + MALAT1-shRNA+inhibitor control. 
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CD80 promoter [38]. Thus, we suspected that NF-κB 
was associated with the mechanism underlying the 
protective effects of MALAT1 in ICH rats. Similar to 
a previous study, we found that MALAT1-shRNA 
inhibited the NF-κB pathway in ICH rats. This effect 
was abrogated in the MALAT1-shRNA+ miR-146a 
inhibitor group. These results indicate that MALAT1 
serves as an important mediator in protecting against 
ICH by suppressing inflammation and oxidative 
stress by targeting miR-146a.

Conclusion

This research revealed that MALAT1 gene silen
cing could protect against ICH by suppressing 
inflammation and oxidative stress by targeting 
miR-146a. Thus, MALAT1 may be a curative tar
get for the clinical treatment of ICH. This might 
offer new insights into therapeutic approaches for 
improving ICH treatment.
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Research highlights

Long noncoding RNA MALAT1 was upregulated in intracer
ebral hemorrhage rats;
Downregulation of MALAT1 reduced neurological damage 
through upregulating miR-146a;
Downregulation of MALAT1 decreased brain edema 
through upregulating miR-146a;
Downregulation of MALAT1 suppressed inflammation and 
oxidative stress through upregulating miR-146a.
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