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Dexmedetomidine attenuates neuroinflammation and microglia
activation in LPS-stimulated BV2 microglia cells through targeting
circ-Shank3/miR-140-3p/TLR4 axis

Guangbao He,* Yibo He,* Hongwei Ni, Kai Wang, Yijun Zhu, Yang Bao

Department of Anesthesiology, Jiading District Central Hospital Affiliated Shanghai University of Medicine and Health Sciences,
Shanghai, China

*These authors share first authorship

It has been shown that dexmedetomidine (Dex) could attenuate postoperative cognitive dysfunction (POCD)
via targeting circular RNAs (circRNAs). Circ-Shank3 has been found to be involved in the neuroprotective
effects of Dex against POCD. However, the role of circ-Shank3 in POCD remains largely unknown. Reverse
transcription quantitative PCR (RT-qPCR) was performed to detect circ-Shank3 and miR-140-3p levels in
lipopolysaccharide (LPS)-treated microglia BV-2 cells in the absence or presence of Dex. The relationship
among circ-Shank3, miR-140-3p and TLR4 was confirmed by dual-luciferase reporter assay. Additionally,
Western blot and immunofluorescence assays were conducted to evaluate TLR4, p65 and Iba-1 or CD11b levels
in cells. In this study, we found that Dex notably decreased circ-Shank3 and TLR4 levels and elevated miR-
140-3p level in LPS-treated BV2 cells. Mechanistically, circ-Shank3 harbor miR-140-3p, functioning as a
miRNA sponge, and then miR-140-3p targeted the 3’-UTR of TLR4. Additionally, Dex treatment significantly
reduced TLR4 level and phosphorylation of p65, and decreased the expressions of microglia markers Iba-1 and
CD11b in LPS-treated BV2 cells. As expected, silenced circ-Shank3 further reduced TLR4, p65 and Iba-1 and
CD11b levels in LPS-treated BV2 cells in the presence of Dex, whereas these phenomena were reversed by
miR-140-3p inhibitor. Collectively, our results found that Dex could attenuate the neuroinflammation and
microglia activation in BV2 cells exposed to LPS via targeting circ-Shank3/miR-140-3p/TLR4 axis. Our results
might shed a new light on the mechanism of Dex for the treatment of POCD.
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Introduction

Postoperative cognitive dysfunction (POCD) is a common
complication following anesthesia and surgical intervention, which
is characterized by memory loss and cognitive impairment.'?
POCD severely impacts patients’ quality of life, especially in older
patients.? Surgery-induced neuroinflammation plays a pivotal role
in POCD, which has become a hallmark of POCD.** Surgery often
leads to increased production of systemic proinflammatory factors
including IL-1B, IL-6 and TNF-a, and then incites neuroinflamma-
tion, eventually resulting in neuronal dysfunction and cognitive
decline.®” Conversely, inhibition of neuroinflammation could
improve cognitive dysfunction and attenuate POCD development.®
Our previous study showed that dexmedetomidine (Dex), a selec-
tive a2-adrenergic agonist, could suppress inflammation response
in microglial BV2 cells exposed to LPS.” Moreover, Dex could
exhibit neuroprotective effects against POCD.!® However, the
mechanisms by which Dex attenuates POCD development is not
clearly understood.

Circular RNAs (circRNAs) are covalently closed RNA
molecules characterized by their covalently closed-loop struc-
tures.!" CircRNAs can regulate gene expressions through function-
ing as microRNAs (miRNAs) sponges.!? Additionally, circRNAs
can exert important roles in the pathological progressions of many
diseases including POCD." Qian et al. found that downregulation
of circUBE3B could attenuate sevoflurane-induced neuron injury
through targeting miR-326.'* Additionally, Dex could reduce circ-
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Shank3 level in aged POCD rats;'3 thus, circ-Shank3 may partici-
pate in the neuroprotective effects of Dex against POCD. However,
the role of circ-Shank3 in POCD remains largely unknown. MiR-
140-3p was reported to participate in regulating cellular inflamma-
tory processes.'®!” Wu et al. found that miR-140-3p could attenuate
sevoflurane-induced POCD in rats.!® Additionally, miR-140-3p
could regulate cellular inflammatory response via targeting TLR4."°
Moreover, inhibiting TLR4/NF-«kB signaling was able to weaken
neuroinflammation in glaucoma.?’ However, the relationship
among circ-Shank3, miR-140-3p and TLR4/NF-«kB signaling
remains unclear. Therefore, in this study, we aimed to explore
whether Dex could reduce LPS-induced inflammation response in
BV2 cells by targeting circ-Shank3/miR-140-3p/TLR4 axis.

Materials and Methods

Cell culture and treatment

The mouse microglial BV2 cells were purchased from the
Shanghai Zhong Qiao Xin Zhou Biotechnology Co., Ltd.
(Shanghai, China). Cells were cultured in Minimum Essential
Medium (Gibco, Billings, MT, USA) containing 10% FBS and 1%
penicillin/streptomycin in a humidified atmosphere containing 5%
CO, at 37°C. Once the BV2 cells reached 80% cell confluence,
cells were treated with Dex (20 pg/mL) for 30 min and then treated
with LPS (10 pg/mL) for 24 h, as previously described.’
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Figure 1. Circ-Shank3 acts as the sponge of miR-140-3p. A) RT-qPCR analysis of circ-Shank3 or miR-140-3p level in LPS-treated BV2
cells. B) BV2 cells were treated with 20 pg/mL Dex, followed by treatment with 10 pg/mL LPS; RT-qPCR analysis of circ-Shank3 or miR-
140-3p level in BV2 cells. C) Luciferase reporter assay showed the molecular combination of miR-140-3p with circ-Shank3 wild type. D)
The location of circ-Shank3 (green color) and miR-140-3p (red color) were detected by FISH analysis; DAPI, blue color. E) RT-qPCR
analysis of circ-Shank3 level in BV2 cells transfected with siRNA-ctrl, circ-Shank3 siRNA1, siRNA2 or siRNA3. F) RT-qPCR analysis
of miR-140-3p level in BV2 cells transfected with siRNA-ctrl or circ-Shank3 siRNA1. **p<0.01.
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Cell transfection

MiR-140-3p mimics, miR-140-3p inhibitor, miRNA negative
control (NC) and circ-Shank3 siRNA (circ-Shank3 siRNAI, circ-
shank3 siRNA2 and circ-Shank3 siRNA3) and siRNA NC were
purchased from Ribobio. Once the BV2 cells reached 80% cell
confluence, cells were transfected with miR-140-3p mimics (5°-
UACCACAGGGUAGAACCACGG-3’), miR-140-3p inhibitor
(5’-CCGUGGUUCUACCCUGUGGUA-3’), circ-Shank3
siRNA1 (5’- TGTCCCTATTCAGATGGCATCTGTA-3), circ-
shank3 siRNA2 (5’- GCAAAGGAAGCTTTCTGCAGTATAT-3")
or circ-shank3 siRNA3 (5’- CAGTCAGAGTTTGGGTCCT-
GTTCCA-3") using Lipofectamine 2000.2!

Reverse transcription quantitative PCR
(RT-qPCR)

Total RNA was extracted with the TRIpure Total RNA
Extraction Reagent (EP013). Next, RNA was reverse transcribed
to cDNAs using the EntiLink™ 1st Strand cDNA Synthesis Kit
(EQO003) and qPCR process was carried out using EnTurbo™
SYBR Green PCR SuperMix (EQ001) on the instrument of
QuantStudio 6 Flex Real-Time PCR System (Life Technologies,
Carlsbad, CA, USA). Data were normalized to U6 or B-actin.
The 2724 method was applied to calculate the relative gene level.

U6 forward, 5’-CTCGCTTCGGCAGCACAT-3’ and reverse, 5’-
AACGCTTCACGAATTTGCGT; miR-140-3p forward, 5’- GCC-
TACCACAGGGTAGAACC-3’ and reverse, 5’- CTCAACTGGT-
GTCGTGGAGTC-3’; GAPDH forward, 5°- CATCATCCCTGCCTC-
TACTGG-3’ and reverse, 5’- GTGGGTGTCGCTGTTGAAGTC-3’;
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circ-Shank3 forward, 5’- TGAATAAAGACACACGCTCCTT-3’ and
reverse 5’-CTGATCTCAGCAGGGGTGATC-3’; TLR4 forward, 5°-
ACACTTTATTCAGAGCCGTTGGT-3’ and reverse, 5’- CAGGTC-
CAAGTTGCCGTTTC-3.

Dual-luciferase reporter assay

Wild-type and mutant circ-shank3, the 3'-untranslated region
(3'-UTR) of TLR4 fragments were constructed and subcloned into
the luciferase reporter vector. BV2 cells were co-transfected with
the above reporter gene plasmids and miR-140-3p mimics or NC,
respectively. Next, a dual-luciferase reporter system kit (Promega,
Madison, WI, USA) was applied for detecting the luciferase activ-
ity in BV2 cells.

Fluorescence in situ hybridization

The FITC-labeled circ-Shank3 FISH probe and Cy3-labeled
miR-140-3p FISH probe were obtained from RiboBio
(Guangzhou, China). Cells were fixed in 4% paraformaldehyde,
blocked with the pre-hybridization buffer for 1 h at 37°C and then
incubated with hybridization buffer containing the circ-Shank3
and miR-140-3p probes at 37°C overnight. Next, the saline sodium
citrate buffer was used to wash the cells, and images were pho-
tographed by confocal microscopy (LSM880, objective: 40x, light:
laser; Zeiss, Oberkochen, Germany). Nuclei were stained with
DAPI (10 pg/mL) for 30 min in darkness.

Western blot assay

The protein concentration was determined using the BCA pro-
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Figure 2. Circ-Shank3/miR-140-3p targets TLR4 in BV2 cells. A) The potential binding site of miR-140-3p and TLR4. B) Luciferase
reporter assay showed the molecular combination of miR-140-3p with TLR4 mRNA wild type. C) RT-qPCR analysis of miR-140-3p level
in BV2 cells transfected with NC, miR-140-3p mimics or miR-140-3p inhibitor. D) RT-qPCR analysis of TLR4 mRNA level in BV2 cells
transfected with NC or miR-140-3p mimics. E) BV2 cells were transfected with miR-140-3p mimics or circ-Shank3 siRNA1, followed
by treatment with 10 pg/mL LPS. Western blot analysis of TLR4, p-p65 and p65 protein expressions in BV2 cells. **p<0.01.
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tein concentration detection kit (Aspen, Wuhan, China). Equal
amounts of proteins were then separated on 10% SDS-PAGE and
electroblotted onto a PVDF membrane. Next, the membrane was
incubated overnight at 4°C with the primary antibodies: anti-TLR4
(19811-1-AP, 1:1000; Proteintech, Rosemont, IL, USA), anti-p-
NF-xB p65 (#3033, 1:500; Cell Signaling Technology, Danvers,
MA, USA), anti-NF-kB p65 (#8242, 1:3000; Cell Signaling

Technology), and GAPDH (ab181602, 1:10000; Abcam,
Cambridge, UK). After that, the membrane was probed with a sec-
ondary antibody (AS1107, 1:10000; Aspen) at room temperature.
Subsequently, the bands were developed with an enhanced chemi-
luminescence detection kit (Aspen) and the band intensity was
analyzed using the AlphaEaseFC software.
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Immunofluorescence assay

BV2 cells were fixed in 4% paraformaldehyde for 20 min, and
then incubated with the primary antibodies, such as anti-CD11b
antibody (DF2911, 1:200; Affinity Biosciences, Cincinnati, OH,
USA), anti-Iba-1 antibody (GB11105, 1:200; Wuhan Servicebio
Technology Co., Ltd., Wuhan, China), anti-TLR4 antibody
(19811-1-AP, 1:200); Proteintech, anti-NF-kB p65 antibody
(#6956, 1:200; Cell Signaling Technology,) and anti-BNDF anti-
body (ab205067, 1:100; Abcam) overnight at 4°C. Next, cells were
probed with corresponding secondary antibodies (1:100; Aspen)
such as Cy3-labeled goat anti-rabbit (AS-1109) or Cy3-labeled
goat anti-mouse secondary antibodies (AS1111) for 40 min in
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Figure 3. Dex attenuates neuroinflammation in BV2 cells exposed to LPS through modulating circ-Shank3/miR-140-3p/TLR4/NF-«xB
axis. BV2 cells were treated with 20 pg/mL Dex plus miR-140-3p mimics, circ-Shank3 siRNAT1 or circ-Shank3 siRNA1 + miR-140-3p
inhibitor, followed by treatment with 10 pg/mL LPS. A,B) Immunofluorescence assay was used to estimate the expression of TLR4 and
p65 in BV2 cells, based on the fluorescence intensity; TLR4 or p65, red color; DAPI, blue color. C) Western blot analysis of TLR4, p-p65

and p65 protein expressions in BV2 cells. **p<0.01.
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darkness. Thereafter, DAPI reagent (10 pg/mL) was used for stain-
ing the nucleus for 30 min in darkness. Finally, images were then
taken by a fluorescence microscope (Eclipse Ci-L, objective: 40x,
light: mercury lamp; Nikon, Tokyo, Japan). As negative control,
the primary antibody was omitted. The fluorescence intensity of
each image was quantified by Image-Pro Plus software.

ELISA

ELISA kits obtained from ELK Biotechnology (Wuhan,
China) were used to detect the levels of TNF-a (ELK1395), IL-1B
(ELK1271), IL-6 (ELK1157) in cell culture supernatants accord-
ing to the manufacturer’s recommendations. Meanwhile, malondi-
aldehyde (MDA) level in cell culture supernatants was measured
by the MDA assay kit (A003-1; Nanjing Jiancheng Bioengineering
Institute, Nanjing, China).

Statistical analysis

All of the experiments were repeated at least three times. One-
way analysis of variance (ANOVA) followed by Tukey’s tests were
used for comparisons between groups. All data are shown as the
mean+standard deviation. p<0.05 was considered statistically sig-
nificant.

Results

Circ-Shank3 acts as a sponge of miR-140-3p

It has been shown that circ-Shank3 and miR-140-3p play key
roles in POCD development.!>!® To explore whether circ-Shank3
could serve as a sponge for miR-140-3p in BV2 cells, circ-Shank3
and miR-140-3p levels in LPS-treated BV2 cells were detected by
RT-qPCR. As shown in Figure 1 A,B, circ-Shank3 level was sig-
nificantly elevated and miR-140-3p level was notably reduced in
LPS-treated BV2 cells; however, Dex treatment obviously
declined circ-Shank3 level and elevated miR-140-3p level in LPS-
treated BV2 cells. Additionally, the luciferase reporter assay
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results showed that miR-140-3p mimics markedly reduced the
luciferase activity of wild-type circ-Shank3 in BV2 cells (Figure 1C),
suggesting that circ-Shank3 closely combined with miR-140-3p.
Moreover, the results of FISH assay showed that circ-Shank3 and
miR-140-3p were both primarily located in the cytoplasm (Figure
1D). Meanwhile, downregulation of circ-Shank3 remarkably
declined circ-Shank3 level, but increased miR-140-3p level in
BV2 cells (Figure 1 E,F). These findings showed that circ-Shank3
could act as the sponge of miR-140-3p.

Circ-Shank3/miR-140-3p targets TLR4 in BV2 cells

Next, the data in targetScan database showed that TLR4 might
be a potential target of miR-140-3p (Figure 2A). Moreover, miR-
140-3p mimics obviously inhibited the luciferase activity of wild-
type TLR4 in BV2 cells (Figure 2B). RT-qPCR results showed that
miR-140-3p mimics strongly increased miR-140-3p level in BV2
cells, whereas miR-140-3p inhibitor obviously declined miR-140-
3p level in cells (Figure 2C). Moreover, miR-140-3p mimics
markedly reduced the level of TLR4 in BV2 cells (Figure 2D).
These results suggested that TLR4 is a downstream target of miR-
140-3p. Furthermore, LPS significantly upregulated TLR4 and p-
p65 protein expressions in BV2 cells; however, circ-Shank3
siRNAT1 or miR-140-3p mimics obviously reversed these changes
(Figure 2E). Collectively, downregulation of circ-Shank3 or over-
expression of miR-140-3p could inhibit TLR4/NF-kB signaling in
LPS-treated BV2 cells.

Dex attenuates neuroinflammation in BV2 cells
exposed to LPS through modulating circ-
Shank3/miR-140-3p/TLR4/NF-kB axis

Activating TLR4/NF-«B signaling could induce neuroinflam-
mation in POCD.???3 Thus, to further explore whether Dex could
inhibit TLR4/NF-kB signaling in BV2 cells via targeting circ-
Shank3/miR-140-3p axis, IF and Western blot assays were con-
ducted. The results showed that Dex treatment significantly
reduced TLR4 protein level and the total and phosphorylated p65
protein expressions in LPS-treated BV2 cells (Figure 3 A-C). As
expected, circ-Shank3 downregulation further reduced TLR4 and
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Figure 4. Dex reduces pro-inflammatory cytokines in BV2 cells exposed to LPS through modulating circ-Shank3/miR-140-3p axis. BV2
cells were treated with 20 pg/mL Dex plus miR-140-3p mimics, circ-Shank3 siRNAT1 or circ-Shank3 siRNA1 + miR-140-3p inhibitor, fol-
lowed by treatment with 10 pg/mL LPS. A-D) ELISA analysis of TNF-a, IL-1p, IL-6 and MDA levels in the culture supernatant of BV2

cells. *p<0.05, **p<0.01.
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p65 levels in LPS-treated BV2 cells in the presence of Dex; how-
ever, these phenomena were reversed by miR-140-3p inhibitor
(Figure 3 A-C). Additionally, Dex treatment notably reduced TNF-
o, IL-1B, IL-6 and MDA levels in LPS-treated BV2 cells.
Meanwhile, circ-Shank3 siRNAT1 further reduced TNF-a, IL-1,
IL-6 and MDA levels in LPS-treated BV2 cells in the presence of
Dex; however, these levels were reversed by miR-140-3p inhibitor
(Figure 4 A-D). Collectively, Dex could attenuate neuroinflamma-
tion in LPS-treated BV2 cells by modulating circ-Shank3/miR-
140-3p/TLR4/NF-«B axis.
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Dex attenuates LPS-induced microglia activation
through modulating circ-Shank3/miR-140-3p axis

Furthermore, LPS notably increased CD11b and Iba-1 levels
and declined BDNF in BV2 cells (Figure 5 A-C). However, Dex
treatment obviously declined CD11b and Iba-1 levels, and
increased BDNF level in LPS-treated BV2 cells (Figure 5 A-C),
suggesting that Dex could attenuate LPS-induced microglia activa-
tion. As expected, downregulation of circ-Shank3 further decreased
CD11b and Iba-1 levels and increased BDNF level in LPS-treated
BV2 cells in the presence of Dex; however, these phenomena were
reversed by miR-140-3p inhibitor (Figure 5 A-C). Collectively, Dex
could attenuate LPS-induced microglia activation in BV2 cells
through modulating circ-Shank3/miR-140-3p axis.
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Figure 5. Dex attenuates LPS-induced microglia activation by modulating circ-Shank3/miR-140-3p axis. BV2 cells were treated with
20 pg/mL Dex plus miR-140-3p mimics, circ-Shank3 siRNAT1 or circ-Shank3 siRNA1 + miR-140-3p inhibitor, followed by treatment with
10 pg/mL LPS. A-C) Immunofluorescence assay was used to estimate the expression of Iba-1, CD11b and BDNF in BV2 cells, based on
the fluorescence intensity; Iba-1, CD11b or BDNF, red color; DAPI, blue color. *p<0.05, **p<0.01.
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Discussion

Dex, a neuroprotective agent, was shown to exhibit sedative,
analgesic, anxiolytic, and neuroprotective effects in some situa-
tions.?*? Dex could promote spatial learning and memory in rat
pups through upregulation of GDNF.2* Lv ef al. found that Dex
could attenuate cerebral ischemic injury in rats with middle cerebral
artery occlusion.”’” Additionally, Dex could improve cognitive dys-
function and neuroinflammation in POCD mice through modulat-
ing HDAC2/HIF-10/PFKFB3 axis.?® However, the detailed mecha-
nism of Dex in POCD remains largely unknown. Our previous
study showed that Dex could ameliorate neuroinflammation in BV2
cells exposed to LPS via targeting miR-340.° Microglia, the resi-
dent cells of the brain, plays key roles in the development and main-
tenance of brain.?*?' However, abnormal microglial activation
could mediate neuroinflammation and neurodegeneration, leading
to several neurological disorders.*>** Remarkably, Dex could inhibit
microglia activation in mice with spinal cord ischemia-reperfusion
injury.’* In this study, LPS significantly upregulated the expressions
of Iba-1 and CD11b in BV2 cells, whereas Dex treatment notably
decreased Iba-1 and CD11b levels in LPS-treated BV2 cells. These
data suggested that Dex could inhibit microglia activation in LPS-
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treated BV2 cells, which was consistent with the previous study.

CircRNAs play important roles in the development of POCD.3
Cao et al. reported that Dex could reduce circ-Shank3 level in aged
POCD rats, suggesting that circ-Shank3 may be involved in the
process of Dex improved POCD.' In this study, our results showed
that Dex obviously reduced circ-Shank3 level in BV2 cells
exposed to BV2 cells. Additionally, circ-Shank3 downregulation
or Dex markedly declined Iba-1, CD11b, TNF-a, IL-1p and IL-6
levels in LPS-treated BV2 cells. Meanwhile, downregulation of
circ-Shank3 further enhanced Dex-elicited changes in Iba-1,
CDl11b, TNF-a, IL-1B and IL-6 levels in LPS-treated BV2 cells.
Collectively, Dex could protect against LPS-induced microglia
activation and neuroinflammation via downregulating circ-
Shank3. Furthermore, miR-140-3p level was obviously reduced in
POCD rats.'® Overexpression of miR-140-3p could alleviate
POCD in rats through inhibiting neuron pyroptosis.'® Consistent
with the previous study, we found that LPS significantly declined
miR-140-3p level in BV2 cells; however, Dex treatment elevated
miR-140-3p level in LPS-treated BV2 cells. Moreover, overex-
pression of miR-140-3p further decreased Iba-1, CD11b, TNF-a,
IL-1B and IL-6 levels in LPS-treated BV2 cells in the present of
Dex. These data suggested that miR-140-3p level was related to
the neuroprotective effects of Dex.
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Figure 6. A schematic model of Dex functions in POCD. Dex could attenuate neuroinflammation and microglia activation in LPS-treated

BV2 cells by modulating circ-Shank3/miR-140-3p/TLR4/NF-kB axis.
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In this study, dual-luciferase reporter assays verified that circ-
Shank3 could act as the sponge of miR-140-3p. Meanwhile, TLR4
is a potential binding target of miR-140-3p. Zhou et al. found that
Dex could attenuate LPS-induced inflammatory response in BV2
cells through regulating TLR4/NF-kB pathway.’* Additionally,
Dex obviously ameliorated cognitive dysfunction in aged POCD
mice via suppressing TLR4/NF-«B signaling.’” Our results showed
that Dex treatment significantly reduced TLR4 and p65 protein
levels in LPS-treated BV2 cells. As expected, circ-Shank3 siRNA1
further reduced TLR4 and p65 levels in LPS-treated BV2 cells in
the presence of Dex, whereas these phenomena were reversed by
miR-140-3p inhibitor. To summarize, Dex could attenuate neuroin-
flammation in LPS-treated BV2 cells by modulating circ-
Shank3/miR-140-3p/TLR4/NF-kB axis (Figure 6).

In conclusion, our results found that Dex could attenuate the
neuroinflammation and microglia activation in LPS-treated BV2
cells via targeting circ-Shank3/miR-140-3p/TLR4 axis. For the
first time, we investigated the relationship between Dex and circ-
Shank3/miR-140-3p/TLR4 axis in POCD. Our results might shed
new light on the mechanism of Dex for the treatment of POCD.
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