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Abstract. – OBJECTIVE: The aim of this study

was to investigate the effect of long non-coding
ribonucleic acid (lncRNA) nuclear paraspeckle assembly transcript 1 (NEAT1) on sepsis-induced brain injury in mice through nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-κB).
MATERIALS AND METHODS: The mouse
model of sepsis was established by cecal ligation and puncture induction. The relative expression levels of NEAT1 and NF-κB in brain tissues of mice in healthy group and sepsis group
were determined via quantitative Reverse Transcription-Polymerase Chain Reaction (qRTPCR) and Western blotting, respectively. Subsequently, the expression of NEAT1 was silenced
by transfection of small interfering RNAs (siRNAs). Meanwhile, its effect on NF-κB expression
was detected. To further explore the effect of
sepsis on brain injury, the content of brain water and the expression levels of apoptosis-related proteins, including B-cell lymphoma 2 (Bcl2) and Bcl-2-associated X protein (BAX), in mice
of healthy group, sepsis group, and sepsis + siNEAT1 group were measured. Furthermore, MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) and terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) assays were used to detect the proliferation and
apoptosis of nerve cells.
RESULTS: The relative expression levels of
NEAT1 and NF-κB were significantly increased
in the brain tissues of septic mice (p<0.01). SiNEAT1 transfection significantly decreased the
expressions of NEAT1 and NF-κB in brain tissues of septic mice (p<0.05). The content of
brain water in mice of sepsis group was evidently increased (p<0.05). However, si-NEAT1 treatment remarkably reduced this content (p<0.05).
In addition, sepsis markedly decreased the activity of nerve cells (p<0.05). However, si-NEAT1
could significantly increase the activity of nerve
cells in septic mice (p<0.05). Moreover, siNEAT1 notably decreased the expression of BAX
(p<0.05), whereas it increased the expression of

Bcl-2 (p<0.05). The results of apoptosis detection revealed that sepsis remarkably promoted
the apoptosis of mouse nerve cells (p<0.05). In
addition, si-NEAT1 transfection could evidently alleviate the apoptosis of nerve cells in septic mice (p<0.05).
CONCLUSIONS: LncRNA NEAT1 promotes
brain injury in septic mice by positively regulating NF-κB. However, si-NEAT1 transfection can
reduce this injury.
Key Words:
Long non-coding RNA NEAT1, NF-κB, Sepsis, Brain
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Introduction
Sepsis-induced brain injury refers to acute neurological dysfunction that occurs clinically. It is
caused by a secondary infection in vivo, usually
without evident nerve cell infection1,2. Sepsis-induced brain injury often occurs in severe patients
in the intensive care unit (ICU) and those with severe systemic infection. It’s reported3 that the occurrence rate of sepsis-induced brain injury is as high as
70%. However, the pathophysiological mechanism
of sepsis-induced brain injury is still unclear. It is
known that brain injury induced by sepsis is primarily caused by inflammatory mediators, which
induces endothelial activation. Meanwhile, it changes blood-brain barrier permeability and promotes
inflammatory cell migration and neuronal apoptosis4,5. Some scholars believe that the activation of
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) will result in oxidative stress
and the release of pro-inflammatory cytokines and
chemokines. In microglia, sepsis leads to brain edema, destruction of blood-brain barrier permeability,
neuronal apoptosis, and even denervation6.
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In recent years, more and more scholars have
paid attention to the role of non-coding ribonucleic acids (ncRNAs) in various biological physiological processes, such as innate immunity and
apoptosis7,8. Long ncRNA (lncRNA) contains
more than 200 nucleotides. The mechanism of
lncRNAs in health and diseases has been comprehensively evaluated9,10. Some studies have reported differential expression of lncRNAs in human
cardiomyocytes, renal tubular epithelial cells, and
monocytes after exposure to lipopolysaccharide
or sepsis11. LncRNA nuclear paraspeckle assembly transcript 1 (NEAT1) is an important structural component of parasite plaque structure, which
has recently been considered to play an important
role in innate immune responses12. However, as
far as we know, its role in sepsis-induced brain
injury has not been demonstrated.
We investigated the effect of lncRNA NEAT1
on sepsis-induced brain injury in mice via NF-κB.

Materials and Methods
Test Reagents
Large-capacity complementary deoxyribose
nucleic acid (cDNA) reverse transcription (RT)
kit was purchased from TaKaRa (Dalian, China),
small interfering RNA (siRNA)-NEAT1 from
Ambon (Austin, TX, USA), and antibodies for
Western blotting from Abcam (Cambridge, MA,
USA). Polymerase Chain Reaction (PCR) primers
were synthesized by Sangon Biotech (Shanghai,
China) Co., Ltd., and MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) and
terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) kits were purchased from
Sigma-Aldrich (St. Louis, MO, USA).
Establishment of the Model of Sepsis
In Mice
The model of sepsis was established in mice
by cecal ligation and puncture induction13. Solid
fasting was conducted one day in advance, and
pentobarbital sodium was used to anesthetize
mice before the operation. Subsequently, the mice
were cut from the belly line to expose the cecum
on a clean table. The distal part of the cecum was
ligated with a 4-0 suture under the ileocecal flap,
followed by pierce using a 20-gauge needle. Then
the peritoneum wall and skin were sutured. After
that, the mice were reared normally after waking
up. This study was approved by the Animal Ethics Committee of Hangzhou Medical College.
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Laboratory Design and Grouping
In this study, all experimental mice were divided into four groups, including: 1) Healthy group:
no treatment was carried out. 2) Sepsis group: mice
were prepared according to the method of model establishment. 3) Sepsis + si-control group: septic mice
were treated with si-control. 4) Sepsis + si-NEAT1
group: septic mice were treated with si- NEAT1.
Quantitative Reverse TranscriptionPolymerase Chain Reaction (qRT-PCR)
TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
was applied to isolate total RNA from brain tissues.
Subsequently, extracted total RNA was reverse
transcribed into cDNA according to the instructions of relevant kits. The expression of NEAT1
was determined using qRT-PCR. Primers used in
this study were shown as follows: NEAT1: sense
primer: TTGGGACAGTGTGG and antisense
primer: TCAGTCCAGCAGGCA; and glyceraldehyde 3-phosphate dehydrogenase (GAPDH): sense
primer: TGCGTGCCGCTGGAGAGAGAAGG
and antisense primer: CCGGCATCGGAGAAGG.
Western Blotting Analysis
After brain tissue samples were lysed, the supernatant was separated. Protein samples were
separated via Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and
transferred onto polyvinylidene difluoride (PVDF)
membranes (Millipore, Billerica, MA, USA). After
sealing with 0.5% bovine serum albumin (BSA) for
1 h, the membranes were incubated with primary
antibodies of NF-κB, b-cell lymphoma 2 (Bcl-2),
Bcl-2-associated X protein (BAX), and β-actin at
4°C overnight. After washing for three times, the
membranes were incubated with goat anti-mouse
IgG-HRP (Horseradish Peroxidase) for 1 h. Finally, target proteins were detected via diaminobenzidine (DAB; Solarbio, Beijing, China).
Brain Water Content
The brain water content was measured by the
standard wet-dry method. Immediately after dissection, the wet weight of brain tissues was quantified. Subsequently, the brain samples were dried
in an oven at 105°C for 48 h until the weight of
the brain was constant. The water content of each
brain was measured as follows: (wet weight – dry
weight) / wet weight × 100%.
MTT Assay
Nerve cells were first isolated and inoculated
into 96-well plates, followed by incubation for 12
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Results
Expression of NEAT1 in Brain Tissues
of Septic Mice
The mouse model of sepsis was first established.
Then, the relative expression level of NEAT1 in
brain tissues of mice in healthy group and sepsis
group was detected by qRT-PCR. The results (Figure 1) revealed that the relative expression level of
NEAT1 in brain tissues of mice in sepsis group
was significantly increased when compared with
healthy group (p<0.01), which was nearly three
times as high as that in healthy group.
Figure 1. Expression of NEAT1 in brain tissues of mice
in healthy group and sepsis group detected via qRT-PCR.
**represents an extremely significant difference (p<0.01).

h. Subsequently, 500 μg/mL MTT solution was
added to each well, followed by incubation for 3
h. After 200 μL dimethyl sulfoxide solution was
added, the absorbance was measured with an enzyme reader. Finally, cell activity was calculated.
Cell Apoptosis Via TUNEL Assay
TUNEL assay was adopted to detect the apoptosis of neurons. Paraffin-removed brain slices
were first sealed with 0.1% Triton X-100 at 37°C
for 15 min. After washing with phosphate-buffered saline (PBS), the slices were reacted with
TUNEL solution in an incubator at 37°C for 1 h
in the dark. After washing with PBS, the slides
were incubated with 4’,6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich, St. Louis, MO,
USA) in an incubator at 37°C for 15 min. Then,
the slices were washed again with PBS, followed
by cover with coverslips for observation using an
Olympus FV1000 confocal microscope (Olympus, Tokyo, Japan). TUNEL-positive neurons
were counted in 5 randomly selected regions of
the hippocampus. The apoptosis index was expressed as follows: (number of TUNEL-positive
neurons/total number of DAPI-positive neurons)
× 100%.
Statistical Analysis
GraphPad Prism 5.0 (La Jolla, CA, USA) was
used for all statistical analysis. All experiments
were conducted in triplicate. One-way analysis
of variance was used to compare the differences among different groups, followed by Post-Hoc
Test (Least Significant Difference). p<0.05 was
considered statistically significant.

Expression of NF-κB in Brain Tissues
of Septic Mice
Subsequently, the relative expression level of
NF-κB in a sepsis mouse model was determined
through Western blotting. As shown in Figure 2,
the results manifested that the relative protein expression level of NF-κB in brain tissues of mice
in sepsis group was notably increased when compared with that of healthy group (p<0.01), which
was also almost three times as high as that in
healthy group.

Figure 2. Expression of NF-κB in brain tissues of mice
in healthy group and sepsis group detected via Western
blotting. **represents an extremely significant difference
(p<0.01).
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Effect of si-NEAT1 on the Expressions of
NEAT1 and NF-κB in Septic Mice
To study the effect of NEAT1 expression on
NF-κB expression in septic mice, siRNAs were
used to silence NEAT1 expression. Subsequently, the expression level of NF-κB was measured.
As shown in Figure 3A, compared with sepsis
+ si-control group, the expression of NEAT1 in
brain tissues of sepsis + si-NEAT1 group was
significantly decreased (p<0.01). Meanwhile, the
results in Figure 3B demonstrated that compared
with sepsis + si-control group, the expression
of NF-κB in brain tissues of sepsis + si-NEAT1
group was evidently decreased (p<0.05).
Effect of NEAT1 Inhibition on Brain
Water Content in Septic Mice
To further explore the effect of sepsis on brain
injury, the brain water content of mice in healthy
group, sepsis group, and septic + si-NEAT1
group was measured, respectively. According
to the results (Figure 4), the brain water content
of mice in healthy group was within the normal
range. Meanwhile, the brain water content of

mice in sepsis group was significantly increased
(p<0.05). However, the brain water content of
mice in sepsis + si-NEAT1 group was remarkably
reduced when compared with that of sepsis group
(p<0.05), nearly close to normal level.
Effect of NEAT1 Inhibition on the
Activity of Nerve Cells in Septic Mice
The activity of nerve cells in septic mice under different conditions was measured to further study the effect of NEAT1 on brain injury.
As shown in Figure 5, the results demonstrated
that compared with healthy group, the activity of
nerve cells in sepsis group was notably reduced
(p<0.05). Furthermore, compared with sepsis +
si-control group, the activity of nerve cells was
significantly increased in sepsis + si-NEAT1
group (p<0.05).
Effect of NEAT1 Inhibition on the
Apoptosis of Nerve Cells in Septic Mice
Finally, the effect of NEAT1 inhibition on the
apoptosis of nerve cells in septic mice was investigated after transfection of si-NEAT1 in septic

Figure 3. Effect of si-NEAT1 on the expressions of NEAT1 and NF-κB in septic mice. A, Expression of NEAT1 detected via
qRT-PCR. **represents an extremely significant difference (p<0.01). B, Expression of NF-κB determined by Western blotting.
*represents a significant difference (p<0.05).
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er, si-NEAT1 interference could significantly
decrease its expression in brain tissues of septic
mice (p<0.05). On the contrary, the expression of
Bcl-2 in brain tissues of mice in sepsis group was
markedly decreased when compared with that of
mice in healthy group (p<0.05). In addition, siNEAT1 interference remarkably increased its expression in brain tissues of septic mice (p<0.05)
(Figure 6A-6C).
The results of apoptosis detection revealed
that sepsis remarkably promoted the apoptosis of
nerve cells in mice (p<0.05). However, si-NEAT1
transfection could evidently alleviate the apoptosis of nerve cells in septic mice (p<0.05) when
compared with that of healthy group (Figure 6D).

Figure 4. Effect of si-NEAT1 treatment on brain water
content in septic mice. A, Compared with healthy group,
brain water content in sepsis group was significantly increased (p<0.05). B, Compared with sepsis group, brain
water content in sepsis + si-NEAT1 group was markedly
decreased (p<0.05).

mice. Firstly, the protein expressions of BAX
and Bcl-2, two molecules related to cell proliferation and apoptosis, were analyzed. Secondly, the apoptosis of nerve cells was detected by
TUNEL assay. It was found that the expression
of BAX in brain tissues of mice in sepsis group
was significantly increased when compared with
that of mice in healthy group (p<0.05). Howev-

Figure 5. Nerve cell activity in different groups detected via MTT assay. *represents a significant difference
(p<0.05).

Discussion
Sepsis is a common and potentially fatal systemic disease caused by microbial infection. It
can lead to uncontrolled inflammation, tissue
injury, and multiple organ failure14,15. Clinically,
sepsis-induced brain injury is characterized by
a series of brain dysfunction. Animal studies16,
however, provide the most information on possible causes of brain tissue injury.
We found that NEAT1 was highly expressed
in mice with sepsis-induced brain injury. Meanwhile, the expression level of NF-κB was also
significantly increased when compared with that
of healthy controls. Si-NEAT1 could notably decrease the expressions of NEAT1 and NF-κB in
brain tissues of septic mice, indicating that siNEAT1 inhibited NF-κB pathway in septic mice.
A previous study17 has shown that NEAT1 participates in many biological processes, such as cell
growth and differentiation. NEAT1 has also been
shown18 to be associated with several human cancers. This investigation revealed the function of
lncRNA NEAT1 in sepsis-induced brain injury.
Interestingly, the results manifested that NEAT1
was overexpressed in mice with sepsis-induced
brain injury compared with that of healthy controls. Furthermore, inhibition of NEAT1 reduced
brain edema injury induced by NF-κB. This indicated that NEAT1 might be involved in the progress of sepsis-induced brain injury.
Also, sepsis markedly decreased nerve cell
activity. However, si-NEAT1 transfection significantly improved the activity of nerve cells,
decreased the expression of BAX, and increased
the expression of Bcl-2 in septic mice. The results of apoptosis detection revealed that sep3937
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Figure 6. Effect of NEAT1 inhibition on the apoptosis of nerve cells in septic mice. A-C, Effect of si-NEAT1 on the expressions of BAX and Bcl-2 in brain tissues of septic mice detected via Western blotting. D, Effect of si-NEAT1 on the apoptosis
of nerve cells in septic mice. *represents a significant difference (p<0.05).

sis remarkably promoted the apoptosis of nerve
cells in mice. However, si-NEAT1 treatment evidently alleviated the apoptosis of nerve cells in
septic mice. Apoptosis refers to cell suicide or
programmed cell death, which is involved in the
development of sepsis-induced brain injury19. The
mitochondrial-mediated apoptosis signaling pathway has been reported20 to be an important mechanism for regulating glucocorticoid protection
in sepsis-induced brain injury. We observed that
after NEAT1 down-regulation, the expression of
apoptosis-related protein BAX was markedly decreased, whereas the expression of Bcl-2 was evidently increased. Some studies21,22 have indicated
that NF-κB plays a key role in inflammatory diseases. It has been proved23 that the activation of
NF-κB leads to increased expression of chemok3938

ines and cytokines, eventually causing sepsis-induced organ injury. Therefore, we suggested that
the NF-κB pathway might be the downstream
regulatory mechanism of NEAT1 involved in
sepsis-induced brain injury. To support this view,
our findings confirmed that NEAT1 inhibition
reduced the protein expression of NF-κB. Based
on this, it was speculated that NEAT1 might aggravate sepsis-induced brain injury by activating
NF-κB pathway.

Conclusions
We found that the NEAT1 upregulation is related to sepsis-induced brain injury. NEAT1 inhibition can reduce sepsis-induced brain injury
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by downregulating NF-κB pathway. Besides,
NEAT1 can be used as an important diagnostic
marker and therapeutic target for brain injury induced by sepsis.
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