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MiRNA-494 specifically inhibits SIRT3-mediated microglia
activation in sepsis-associated encephalopathy
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Background: Sepsis-associated encephalopathy (SAE) is characterized by the activation of inflammatory
cascades, in which microglia play a key role. The activation of Recombinant Sirtuin 3 (SIRT3) was shown
to significantly reduce the susceptibility of microglia to inflammatory stress. The purpose of this study is to
determine whether miRINA-494 can regulate the activation and oxidative stress of SAE microglia through
SIRT3.

Methods: An SAE rat model was established, and the expression of Ionized calcium bindingadaptor
molecule-1 (Iba-1) in rat brain tissue was detected by immunohistochemistry. Enzyme-linked immuno sorbent
assay was performed to detect the expression of tumor necrosis factor alpha (TNF-a) and interleukin-6
(IL-6) in brain tissue. Real time quantitative PCR was performed to detect the relative expression of SIRT3
and related miRNAs, while Western blot was used to detect the protein expression of SIRT3. Rat microglia
cells were cultured iz vitro. After miRINA-494 was transfected, the expression of TNF-a and IL-6 was detected.
Western blot was used to detect the protein expression of SIRT3 and Iba-1 in microglia.

Results: The results showed that the expression of Iba-1 in the brain tissue of the SAE model group
increased, and the expression of inflammatory factors TNF-o and IL-6 increased significantly (P<0.01).
The expression of SIRT3 protein and mRNA in the brain tissue of the SAE model group also significantly
increased (P<0.05). The relative expression of miRNNA-494 in the SAE model group was significantly lower
than that in the control group (P<0.01). After miRINA-494 was transfected into microglia, cells were treated
with lipopolysaccharide. In the miRINA transfection group, the expression levels of TNF-a and IL-6 were
significantly lower than those in the negative control (NC) group (P<0.01), and the protein expression levels
of Iba-1 and SIRT3 were also significantly lower than those in the NC (P<0.01).

Conclusions: MiRNA-494 may further regulate the activation of microglia in SAE by regulating

mitochondrial function, providing basic research data for the development of new SAE treatment methods.
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Introduction (SAE) accounts for 70% of the total number of patients with
Sepsis is a life-threatening multiple organ dysfunction sepsis. SAE is a diffuse brain dysfunction caused by systemic
disease caused by uncontrolled response of the body to inflammation and is an important cause of increased
infection (1), of which sepsis-associated encephalopathy mortality in patients in intensive care units (2,3). Patients
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who recover from SAE demonstrate various degrees of
cognitive dysfunction persisting for months to years after
discharge, which requires long-term medical intervention
to restore function (4).

The pathogenesis of SAE has not been fully clarified,
but current studies have confirmed that it is associated
with abnormal regulation of the neuroimmune system
(5-7). Microglia are the most common central nervous
system resident immune cells that can regulate a variety of
brain functions through cytokines and their interactions
with neuronal and non-neuronal cells (8). However,
cytokine dysregulation can cause neurotoxicity (9). Sz6116si
et al. confirmed the activation of microglia in the brain
in animal models of sepsis (10). In addition, aggravated
neuroinflammation was shown to be caused by the activation
of microglia (11). Moreover, numerous mediators were
produced such as nitric oxide (NO), tumor necrosis factor
alpha (TNF-0), interleukin-6 (IL-6), oxygen free radicals,
and excitatory neurotransmitters, which further amplified
the inflammatory response and oxidative stress in the central
nervous system, so that the neuronal injury was exacerbated
(12,13). Therefore, regulation of microglial activation
along with the inflammatory response and oxidative stress
produced after their activation is essential for controlling
SAE. Activation of recombinant sirtuin 3 (SIRT3), a key
regulator located on mitochondria identified as being
associated with multiple inflammations, significantly
reduces microglial susceptibility to inflammatory stress
(14,15). The expression of SIRT3 in turn has a correlation
with the expression of a variety of microRNAs(miRNAs),
such as miRNA-494-3p (16), miRNA-384 (17), and
miRNA-195 (18). It has been shown that miRNAs are
excellent biomarkers for diagnosis and prognosis, especially
in encephalopathy, because they are small and penetrate
the blood-brain barrier more easily than other
biomolecules. However, few studies have screened SAE-
related miRNAs and elaborated their pathogenesis in
SAE. The identification of novel miRNAs as biomarkers
may help to improve the diagnosis and prognosis of
SAE and help to design new therapeutic approaches for
this clinical presentation that generates diffuse brain
dysfunction (19).

Therefore, it was hypothesized that miRNAs could
regulate septic encephalopathy by regulating SIRT3 in
microglia, then in turn, regulate microglial activation
and oxidative stress responses. A rat SAE model was
established in this study. The expression of inflammatory
factors and SIRT?3 in the brain tissue of SAE rats and the
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expression of mitochondrial function-related miRINAs were
detected [miRNA-421 (20), miRNA-195, miRNA-708-
5p (21), miRNA-384, miRNA-31 (22), and miRNA-494-
3pl, along with their possible regulatory relationship with
inflammatory factors. Through in vitro cell experiments,
it was confirmed that miRNA-494-3p regulates microglial
activation and oxidative stress through SIRT3, which
regulates the expression of inflammatory factors such as
TNF-o and IL-6, and ultimately affects the progression of
SAE. We present the following article in accordance with
the ARRIVE reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-1732/rc).

Methods
Experimental animals

Twenty male Wistar rats were purchased from the Animal
Center of Xinjiang Medical University. Animal experiments
were performed under a project license (No. 2018101)
granted by Ethics Review Committee of the First People’s
Hospital of Kashgar, in compliance with the institutional
guidelines for the care and use of animals. A protocol was
prepared before the study without registration.

Study methods

Establishment of the rat SAE model

Twenty male Wistar rats (200.0£12.3 g) were housed
adaptively for 48 h in a 24 h light-dark cycle at a constant
temperature of 23x1 °C and were provided with adequate
food and water. The rats were randomly divided into
2 groups. The SAE model group (n=10) received an
intraperitoneal injection of 5 mg/kg lipopolysaccharide
(LPS) (Sosarbio, Beijing, China), while the control group
(n=10) received an intraperitoneal injection of normal
saline.

Monitoring of vital signs in rats

The basic vital signs of the rats were monitored at different
time points after model establishment. For the measurement
of body temperature, the rats were fixed and an electronic
thermometer was inserted about 2 cm into the anus of the
rats until the value of the electronic thermometer was stable
at 0 h, 1 h, 3 h, 6 h, and 8 h after model establishment. A
prompt sound was given, and the body temperature data
displayed on the screen were read. For the measurement of
food intake, quantitative food was weighed to feed the rats
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before model establishment, and the remaining food was
weighed after the rats were sacrificed at 8 h. The difference
was the food intake. In terms of signs, physiological
manifestations such as drowsiness and piloerection were
monitored.

Rat microglial cell culture and transfection

Rat microglia (Fame Biotechnology Co., Ltd., Shanghai,
China) were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) complete medium (Gibco, Carlsbad,
California, USA). A miRNA-494 lentiviral expression
vector (Jikai Gene, Shanghai, China) was constructed and
transfected into microglia with PLVX-mCMV-ZsGreen-
PGK-Puro-homo-miRNA-494 virus multiplicity of
infection (MOI) = 20, and a negative control group (NC
group) was set up. After the addition of lentivirus, the cells
were incubated in a 37 °C, 5% CO, incubator (Likang
Bio-Medical Technology Holding Co., Ltd., Hong Kong,
China) for 16 h. Fresh DMEM complete medium (Gibco)
was replaced for 72 h before harvesting the cells.

Immunohistochemical detection of Ionized calcium
bindingadaptor molecule-1 (Iba-1) and SIRT3

Rat brain tissues were obtained 8 h after modeling,
and a portion was cut and placed in a specimen bottle
containing 4% paraformaldehyde and stored and fixed
in a refrigerator at 4 °C for 12 to 24 h. The tissue was
placed in a dehydration and embedding cassette, rinsed
and dehydrated in gradient ethanol at room temperature,
and cleared in xylene. The tissues were then transferred to
paraffin I for wax immersion and embedded with paraffin II.
After sectioning, slices were baked at 56 °C, deparaffinized
in xylene, dehydrated in graded ethanol, and rinsed with
phosphate-buffered saline (PBS, pH 7.4) for 3x3 min.
The slides were immersed in boiling sodium citrate buffer
solution, heated in a pressure cooker to air jet for 2 min,
taken out after the pressure cooker naturally cooled to room
temperature, and then rinsed with PBS for 3x3 min. A
3.0% H,0, solution was applied to each section, incubated
at room temperature for 10 min, and rinsed with PBS for
3x3 min. A total of 50 pL each of rabbit anti-AIF1/Iba-
1 antibody (Bioss, Beijing, China) and rabbit anti-SIRT?3
antibody (Bioss, Beijing, China) diluted at a concentration
of 1:500 was added to the sections and incubated for
2-3 h at room temperature, followed by washing with PBS
3x3 min. A total of 50 pL of goat anti-rabbit IgG HampL/
HRP antibody (Bioss, Beijing, China) was added dropwise
to each section, incubated at room temperature for 30 min,
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and rinsed with PBS for 3x3 min. A total of 100 pL of DAB
chromogenic solution (3,3'-diainobenzidine hydrochloride)
was added to each section, washed, and counterstained with
hematoxylin, differentiated with 0.1% hydrochloric acid
alcohol, and washed with PBS to return to blue. Sections
were dehydrated in gradient alcohol then dried, cleared in
xylene, and mounted in neutral gum.

Enzyme-linked immuno sorbent assay (ELISA) for IL-6
and TNF-a

At 8 h after model establishment, rat brain tissues were
obtained, a part of which was cut for tissue homogenization,
and 4 °C PBS was added to prepare 10% tissue homogenate,
which was centrifuged with a high-speed refrigerated
centrifuge (Zhongke Zhongjia Scientific Instrument
Co., Ltd., Anhui, China) for 10 min. The supernatant
was obtained, dispensed, and cryopreserved. For cells
after transfection, the supernatant was collected and
cryopreserved. The kit (Sosarbio, Beijing, China) was
placed at room temperature for 40 min and shaken well.
For sample addition after dilution, the control wells and
sample wells to be tested were set, then samples were added
without touching the well walls. After shaking gently, the
plate was covered with sealing membrane, incubated at
37 °C for 1 h, then washed. Subsequently, microplate
labeling reagent (Sosarbio, Beijing, China) (control wells)
was added, then the plate was covered by sealing membrane
and incubated at 37 °C for 0.5-1 h followed by washing.
Substrate solution was added and mixed well, which was
then reacted at 37 °C in the dark for 15 min for color
development. The terminator was added to terminate the
reaction, and the optical density (OD) value at 450 nm on
a microplate reader was determined (Thermo Scientific,

Waltham, Massachusetts, USA).

Relative expression of miRNA-4215p, miRNA-1953p,
miRNA708-5p, miRNA384, miRNA-31a-5p, miRNA-
494-3p, and SIRT3 mRNA by RT-qPCR

Total RNA was extracted by the TRIzol method. RNA
concentration was determined by a UV spectrophotometer
(Puxie General Instruments Co., Ltd., Beijing, China) and
stored at -80 °C until use. First strand cDNA was obtained
by reverse transcription reagent guidance. The qPCR
assays for miRNA levels were performed guided by the
corresponding primers (Table 1) by using U6 as an internal
reference. Reaction program: 95 °C, 3 min; 95 °C, 5 s;
56 °C, 10's; 72 °C, 25 s; 39 cycles; 65 °C, 5 s; 95 °C, 50 s.
Under the guidance of the corresponding primers, p-actin
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Table 1 Information of the primers
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Primer 5'-3'
Rat-SIRT3-F TCAGCAGTATGACATCCCGTACCC
Rat-SIRT3-R CGTGAAGCAGCCGAAGGAAGTAG

Rat-beta-actin-F
Rat-beta-actin-R
Rat-miR708-5p-RT
Rat-miR708-5p-F
Rat-miR494-3p-RT
Rat-miR494-3p-F
Rat-Mic195-3p-RT
Rat-Mic195-3p-F
Rat-Mic31a-5p-RT
Rat-Mic31a-5p-F
Rat-Mic421-5p-RT
Rat-Mic421-5p-F
Rat-U6-F
Rat-U6-R
Rat-Mic384-5p-RT
Rat-Mic384-5p-F

Rat-miR-reverse

TGTGATGGTGGGTATGGGT

TGTAGAAAGTGTGGTGCCAA
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCCAGC
GCGCGAAGGAGCTTACAATCTA
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGAGGT
GCGTGAAACATACACGGGA
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGGAGC
CGCCAATATTGGCTGTGCT
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAGCTATG
ACTCCAGCTGGGAGGCAAGATGCTGG
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAACAA
CGCGGGCCTCATTAAATGT

TGAAGACAGCCCAGAATCA

GGCATCCTCCAGAACTTGT
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGTGAACA
ACTCCAGCTGGGATTCCTAGAAAT

AGTGCAGGGTCCGAGGTATT

was set as an internal reference for the detection of SIRT3
and NMNAT1. Reaction program: 95 °C, 5 min, 95 °C, 15 s;
56 °C, 15 s, 72 °C, 60 s, 40 cycles. The relative expression
was calculated by the 27*“ method.

Western blot

"Total protein was extracted and quantified by Bicinchoninic
acid protein quantification, and 40 ug of total protein from
each group was separated by sodium dodecyl sulphate
(SDS)-polyacrylamide gels (4% stacking gel and 10%
separating gel) and transferred to Polyvinylidene fluoride
(PVDF) membranes. Red staining determined whether
the membrane transfer was successful. Membranes were
blocked with 5% non-fat dry milk at room temperature.
The next day, the blocking solution was discarded and the
membranes were washed. Rabbit anti-NMNAT'1 antibody
(Bioss, Beijing, China) and rabbit anti-SIRT3 antibody
(Bioss) were diluted with 1x PBS solution according to the
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ratio of antibody instructions, added to the membranes, and
incubated at 4 °C for 12 h. After washing the membranes
with Tris Buffered Saline with Tween 3 times, the
membranes were incubated with HRP-labeled goat anti-
rabbit IgG HampL/HRP antibody (Bioss) (1:5,000) at
room temperature for 2 h. After washing the membranes
again 3 times, enhanced chemiluminescence (ECL)
chemiluminescence substrate (Sosarbio, Beijing, China)
was added and exposed for development. A protein band
scanner (Liuyi Biotechnology Co., Ltd., Beijing, China) was
used for scanning and densitometric analysis.

Statistical analysis

Data analysis was performed by SPSS 16.0 statistical software.
The experimental results were expressed as mean + standard
deviation (mean = SD). The comparison of multiple
groups of data was analyzed by one-way ANOVA. The
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Figure 1 Vital signs of rats with septic encephalopathy. (A) Control group: no abnormal vital signs; (B) SAE model group: rats were lethargic

with ruffled fur. SAE, sepsis-associated encephalopathy.

~

Figure 2 Expression and localization of Iba-1 in rat brain tissue. (A) Control group; (B) SAE model group, where brownish-yellow

granules are Iba-1 protein in microglia. The cells were stained with hematoxylin and observed with light microscope, the magnification

of figure is 40 times. SAE, sepsis-associated encephalopathy.

homogeneity test of variance was also performed. P<0.05
indicated statistical significance.

Results
Monitoring of vital signs in rats

A rat model of septic encephalopathy was established by
intraperitoneal injection of LPS, and the body temperature,
food intake, and signs of the rats were monitored at
different time points. The results showed that there was
no significant difference in body temperature between the
SAE model group (37.01+0.22 °C) and the control group
(36.78+0.30 °C) (P>0.05). However, the food intake of the
rats in the model group (2.94+0.63 g) was significantly lower
than that of the control group (12.86+1.30 g) (P<0.05). The
rats in the model group showed physiological phenomena

© Translational Cancer Research. All rights reserved.

of drowsiness and piloerection 3 h after modeling (Figure I).

Activation of microglia and expression of inflammatory
factors in brain tissue

The expression and distribution of microglial
activation marker Iba-1 in brain tissue were detected by
immunohistochemistry. The results showed that there
was positive expression of Iba-1 in the brain tissue of rats
in the SAE model group, and there was more expression
than that in the control group (Figure 2). ELISA was used
to detect the expression of inflammatory factors in the
brain tissue of septic encephalopathy rats, and the results
showed that TINF-a expression in the SAE model group
(118.90£9.10 pg/mL) was significantly higher than that
in the control group (43.52+2.68 pg/mL) (P<0.01). IL-6
expression in the SAE model group (190.90+9.68 pg/mL)
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was significantly higher than that in the control group
(51.64+3.34 pg/mL) (P<0.01) (Figure 3). It was confirmed
that microglia were activated and inflammatory factors IL-6
and TNF-a were released in the brain tissue of SAE rats.

Expression of SIRT3 and miRNAs in brain tissue

The relative expression of SIRT3 mRNA and protein in
rat brain tissue was detected, and the results showed that
SIRT3 protein expression and relative mRNA expression in
the SAE model group were significantly higher than those
in the control group (P<0.01) (Figure 4). The expression
of miRNAs in brain tissue was detected, and the results
showed that the relative expression of miRNA-494 in
the SAE model group was significantly lower than that
in the control group (P<0.01). The relative expression of
miRNA-421 in the SAE model group was significantly
higher than that in the control group (P<0.01). There
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was no significant difference in the relative expression of
miRNA-195, miRNA-31a5p, miRNA-708, and miRNA384
between the 2 groups (P>0.05) (Figure 5).

SIRT3 expression in microglia and microglial activation
after miRNA-494 transfection

After miRNA-494 was transfected into microglia, the cells
were treated with LPS, and the supernatant was collected
to detect the expression of TNF-a and IL-6. The results
showed that the expression levels of TNF-o and IL-6 in
the supernatant of cells transfected with miRINA-494 were
significantly reduced (P<0.01) (Figure 6). The expression
of Iba-1 and SIRT?3 in the cells was detected, and the
results showed that the expression levels of SIRT3 and Iba-
1 protein in microglia after miRNA-494 transfection were
significantly lower than those in the NC group (P<0.01)

(Figure 7).
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Discussion

SAE is one of the major causes of increased mortality
and poor prognosis in sepsis patients. Patients have been
found to have dysregulation of neuroendocrine immune
factors, and this dysregulated neuroinflammation and
ischemic injury are the main causes of brain dysfunction.
Dysfunction of these neuromodulatory mechanisms could

impair systemic immune responses, including those of
neutrophils, macrophages/monocytes, dendritic cells, and
T lymphocytes, which ultimately induce a vicious cycle
between brain injury and gradually abnormal immune
responses (23). It is well known that inflammation is
able to increase cytokine transcription of B-Interleukin I
(IL-1B), TNF-a, and IL-6, while IL-1p can activate
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microglia and is neurotoxic during the production and release
of NO and reactive oxygen species (ROS) (24-26). TNF-a
can lead to neutrophil infiltration, neuronal apoptosis,
and brain edema in brain tissue (26). In addition, it is
capable of causing neurotoxicity in the early stages of
neuroinflammation (27). Meanwhile, IL-6 can induce
cyclooxygenase-2 (COX-2) expression, which in turn
increases vasodilatory prostaglandin 12 (PGI 2) (26,28),
leading to potential fever and behavioral disturbances (24).
SAE is characterized by activation of the inflammatory
cascade and increased cytokine levels. SAE is accompanied
by excessive activation of microglia and the release of a
large number of inflammatory factors and NO, and the
massive release of these factors will cause the body to
produce excessive inflammatory responses and oxidative
stress, thus further exacerbating the progression of SAE
(29,30). Iba-1 is a marker of microglial activation (31).
Our study demonstrated that the expression of Iba-1 was
significantly increased in the brain tissue of SAE model rats,
along with the release of large amounts of the inflammatory
cytokines TNF-o and IL-6. Meanwhile, oxidative stress
and inflammatory responses in the brain tissue of SAE
rats could play an important role in the pathogenesis of
mitochondrial damage in brain tissue at the early stages
of sepsis, which could lead to mitochondrial dysfunction
and metabolic abnormalities (32). SIRT3 could play an
important role in maintaining mitochondrial function by
exerting deacetylation functions in mitochondria. Jiang
et al. showed that overexpression of SIRT3 decreased
ROS levels in neural stem cells (NSCs) and alleviated
cell damage caused by oxidative stress (33). Zeng et al.
also demonstrated that SIRT?3 overexpression suppresses
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LPS-induced pericyte loss and inflammatory infiltration
of neutrophils/macrophages in cardiopulmonary tissues
to attenuate inflammatory injury (34). It was confirmed
in our study that SIRT3 expression was up-regulated in
the brain tissue of SAE model rats, suggesting that SIRT3
expression may be up-regulated under inflammatory and
oxidative stress conditions so as to maintain mitochondrial
function and further counteract the oxidative stress caused
by mediating inflammation. Therefore, regulation of SIRT?3
may be a key factor in the regulation of microglial activation
and oxidative stress.

MiRNAs are small non-coding RNAs which regulate
post-transcriptional gene expression levels by inducing
mRNA translational repression or degradation (35).
MiRNAs have been extensively studied in many diseases
and their regulatory roles have been confirmed (36).
It is important that miRNAs are highly conserved in
mammals and are key players in cellular processes such
as cell differentiation, growth, proliferation, apoptosis,
metabolism, and cell homeostasis (35,37,38). In the brain,
miRNAs, can play a role in regulating the expression levels
of target genes through the blood-brain barrier (39,40).
Some studies have suggested that miRINA421, miRNA195,
and miRINA708 may be involved in the regulation of SIRT3
expression and affect its acetylation level (17,20,21,32,41).
However, there are no reports that SIRT3 is associated
with microglial activation. Our results confirmed that
miRNA-494 expression was significantly decreased in the
brain tissue of SAE model rats. Additionally, overexpression
of miRNA-494 significantly down-regulated SIRT3
expression in microglia, while significantly reducing the
expression of inflammatory cytokines TNF-a and IL-6

Transl Cancer Res 2022;11(7):2299-2309 | https://dx.doi.org/10.21037/ter-22-1732



Translational Cancer Research, Vol 11, No 7 July 2022

and the microglial activation marker Iba-1 in LPS-induced
microglial inflammation. It is speculated that miRNA-494
may be involved in regulating LPS-induced microglial
activation and inflammatory cytokine production through
SIRTS3.

SAE is a common and serious complication of the
dysregulated host response in sepsis. The molecular
mechanism of its pathophysiology is not fully understood,
but changes in brain metabolism, hyperinflammatory
phenotype, and immune responses could play a central role
in the development and progression of SAE. Microglia are
important players in the function of brain immune defenses
and in inflammation (19). It was confirmed in this study that
the biomarker miRNA-494 may help clinicians diagnose
and predict SAE and explain its regulatory mechanism.
However, a single biomarker may not be sufficient
to diagnose this heterogeneous syndrome, while the
combination of biomarkers may improve the performance
of diagnostic methods and reduce the future morbidity of
SAE patients. The basic research data in this study may
contribute to the further development of new treatments
for SAE and the discovery of diagnostic markers.
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