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Abstract

Introduction: Although sirtuin 3 (SIRT3) is known to be involved in
dexmedetomidine (DEX)-mediated alleviation of renal ischemia and reperfusion
injury, the influence of the association between DEX and SIRT3 on nephritis
development remains unclear. In this study, the role of SIRT3 in DEX-mediated
amelioration of inflammation and oxidative stress in nephritis as well as the
possible underlying mechanism were explored in vivo and in vitro.

Methods: An animal model of glomerulonephritis was generated by injecting
mice with interferon-alpha (IFNo)-expressing adenoviruses, and periodic
acid-Schiff staining was then used to reveal pathogenicity-related changes in
the renal tissue. Additionally, human embryonic kidney cells (HEK293) and
renal mesangial cells (RMCs) were treated with IFNa to establish cell models
of inflammation in vitro.

Results: DEX administration alleviated glomerulonephritis in the animal
model and upregulated SIRT3 expression in the renal tissue. SIRT3
knockdown inhibited the renoprotective effects of DEX against nephritis.
IFNa induced inflammation, oxidative stress, and apoptosis in the RMCs and
HEK293 cells and reduced their growth, as evidenced by the evaluation of
cytokine levels (enzyme-linked immunosorbent assay), reactive oxygen species
generation, catalase and superoxide dismutase activities, nuclear factor-
erythroid factor 2-related factor 2/heme oxygenase-1 signal transduction,
apoptotic cell proportion, and cell viability. In addition to promoting SIRT3
expression, DEX inhibited IFNa-induced inflammation, oxidative stress, and
apoptosis in these cells and promoted their viability. SIRT3 knockdown
partially reversed the beneficial effects of DEX on RMCs and HEK293 cells.
Conclusions: Our results suggest that DEX exhibits renoprotective activity
during nephritis progression, protecting renal cells against inflammatory
injury by promoting SIRT3 expression.
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1 | INTRODUCTION

Systemic lupus erythematosus (SLE), an immune system-
associated disorder, is characterized by the heterogeneity
of its extensive clinical presentations." One of the most
severe complications of SLE is lupus nephritis (LN),
which is a leading prognostic predictor of poor outcomes
in afflicted patients.>> The most common symptoms of
LN are tubulointerstitial inflammation and glomerular
phlegmonosis, which are likely caused by the deposition
of immune complexes in the kidneys.*® Subsequently,
type I interferon (IFNa) is produced, and a series of
inflammatory reactions are activated, which are critical
for the course of the illness.”” However, the length of
time needed for numerous varieties of lupus-susceptible
mice to develop LN spontaneously hampers their use as
animal models. Additionally, the onset of the disease is
unstable, which greatly impedes studies on its outcomes
and the development of effective therapeutic interven-
tions. By contrast, the delivery of exogenous IFNa to
lupus-susceptible mice promotes rapid manifestation of
the clinical features of LN. Moreover, the onset of the
disease can be controlled to occur at the same time in
many animals, allowing for the reproducible observation
of its steady progress. Therefore, IFNa-accelerated LN
development is a useful model for studying the patho-
genic mechanisms of the disease and testing new
therapeutic strategies.”

Immunocytes, particularly plasmacytoid dendritic
cells, are activated by immune complexes deposited in
the kidneys, influencing the activation of genes that lie
downstream of the IFNo pathway.” Renal mesangial cells
(RMCs) are resident mesenchymal stem cells that
participate in the progression of LN.'®'! It is known
that the IFNa molecules produced by resident renal cells,
including RMCs, can worsen autoimmune kidney
damage.'>'* However, the mechanism underlying the
regulation of IFNa signaling in RMCs has still not been
completely elucidated.

The seven mammalian sirtuin subtypes (SIRT1-SIRT7)
share the same conserved catalytic core region consisting of
275 amino acids but differ in their subcellular localization
and physiological functions.'"* Among them, SIRT1 is
widely documented to exert renoprotective effects, inhibit-
ing inflammation, cell apoptosis, and fibrosis in the
kidneys. Therefore, SIRT1 activation has the potential to
be a novel therapeutic target in the treatment of patients
with chronic kidney diseases, such as diabetic nephropa-
thy.” As a nicotinamide adenine dinucleotide (NAD")-
dependent histone deacetylase, SIRT3 plays regulatory roles
in several mammalian physiological processes, such as
metabolism and aging.'®'” Deacetylated mitochondrial
matrix proteins, such as cyclophilin D and superoxide
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dismutase 2 (SOD2), have protective effects on the
mitochondria, thus completing the process of SIRT3
activation.'®'® SIRT3 activation or overexpression has also
been shown to have a protective effect on myocardial cells
by preventing the damage caused by H,0,. Additionally,
both the deacetylation of cyclophilin D and inhibition of the
opening of mitochondrial permeability transition pores
have been shown to alleviate myocardial ischemia-
reperfusion (I/R) injury."® In the kidneys, SIRT3 also acts
as a stimulant of mitochondrial activity, thereby inhibiting
renal oxidative stress in animals fed fatty foods.' It has
been shown in models of acute kidney injury that the
mitochondrial dynamics are better recovered when SIRT3
is overexpressed.”® In another study, SIRT3 expression was
shown to be upregulated by dexmedetomidine (DEX), and
the treatment attenuated renal I/R injury by inhibiting
mitochondrial damage and cell death.”* However, whether
and how SIRT3 is involved in nephritis-induced kidney
injury remains unknown.

As an alpha-2-adrenoreceptor (a2-AR) agonist, DEX
has both sedative and analgesic functions.* These agonizts
are used as an alternative prophylactic approach for the
prevention of sepsis.**** a2-ARs are distributed in peritub-
ular tissues as well as in the proximal and distal tubules.*
Animal studies have revealed that DEX promotes the
activation of a2-ARs, thereby increasing glomerular filtra-
tion and renal blood flow. Additionally, clinical studies
have shown that DEX can reduce perioperative (acute)
renal injury.”**’ As mentioned above, DEX has the ability
to upregulate SIRT3 expression, leading to the inhibition of
renal tubular epithelial cell death in animal models of I/R
injury.”"*® Hence, these studies suggest a possible link
between DEX and SIRT3 in the mechanisms of renoprotec-
tion. Therefore, in the present study, we established both
animal and cell-based models of nephritis to examine
whether DEX could alleviate renal injury in LN and to
elucidate its role in the activation of SIRT3.

2 | MATERIALS AND METHODS

2.1 | Lentivirus generation

The short hairpin RNAs, shRNA-Ctrl and shRNA-SIRT3,
were cloned in the lentiviral expression vector, pLVX-
Puro (Clontech), using phosphorylation and annealing
processes and designated as pLVX-shRNA-Ctrl and
pLVX-shRNA-SIRT3, respectively. These vectors were
then separately used to infect HEK293T human embryo-
nic kidney cells (Invitrogen) to generate lentiviral
particles with pLVX-shRNA (Ctrl-shR) or pLVX-
ShRNA-SIRT3 plasmids along with pMD2.G and
psPAX2.
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2.2 | Mouse model of nephritis

A mouse model of nephritis was generated by infecting
BWF1 mice with IFNa-expressing adenoviruses. To
obtain the BWF1 (NZB x NZW) population, C57BL/6
NZB and NZW mice (Vital River Laboratories, Beijing,
China) were mated in cages in a specific-pathogen-free
facility. Next, the BWF1 population (8-10 weeks old)
resulting from the cross were administered a single
intravenous injection of 10° particles of IFNa-
expressing adenovirus 5 (hereinafter IFNa-Ad5) (ViG-
ene Biosciences) or the control adenovirus 5 for three
consecutive days at 5 and 7 weeks of DEX treatment.
The urine of mice injected with IFNa-Ad5 was
measured at 7 weeks after the last injection. For DEX
treatment, mice were pretreated intraperitoneally with
10 mg/kg of the drug daily. The mice were euthanized
and their kidneys were harvested at approximately 9
weeks after adenovirus injection in the treatment trial.
Timeline for animal treatment was included in
Figure 1A. All experiments were performed in accord-
ance with the related laws and institutional guidelines
and were approved by the Animal Studies Committee
of Sir Run Run Shaw Hospital.

2.3 | Cell cultures and modeling

The HEK?293 cell line and human primary RMCs were
purchased from the American Type Culture Collection
and ScienCell Research Laboratories, respectively. The
phenotypes of both cell lines were assessed each day in
our laboratory. IFNa (1000 units/mL) from PBL
InterferonSource (PBL Assay Science) was chosen for
the induction of inflammation in the RMCs and
HEK293 cells. For co-treatment group, RMCs and
HEK?293 cells preincubated with 1uM DEX were
transfected with shRNA-Ctrl or shRNA-SIRT3 for 24
h and then treated with 1000 units/mL IFNa for
another 24 h.

2.4 | Cell transfection

The shRNA-negative control (5'-CAU GGC GAU UCA
GUU AAU GCA U-3’) and shRNA-SIRT3 (5'-AGG
GUC GCC CCG UGA GUA ACG-3’) oligonucleotides
were purchased from Genscript Co., Ltd. Lipofecta-
mine™ 3000 (Invitrogen) was used to transfect the
shRNAs into the RMCs and HEK293 cells according to
the manufacturer's instructions. Both cell lines were
then used for subsequent experiments after 40 h of
transfection.

2.5 | Quantitative reverse transcription-
polymerase chain reaction assay (qQPCR)

Total RNA was isolated from the kidney tissues and two
cell lines using the RNeasy Mini Kit (Qiagen) according
to the manufacturer's instructions. A NanoDrop™
ND-1000 UV-Vis spectrophotometer was then used to
determine the RNA concentration. Then, 3 U/mg of
RNase R (Epicenter) was used to digest a specific amount
of RNA for 15 min at 37°C. The RNA (500 ng) was then
reverse-transcribed using the Prime Script™ RT Master
Mix (Takara Bio Inc.) with oligo(dT) or arbitrary primers.
qPCR was then carried out using the 2x PCR Master Mix
(Thermo Fisher Scientific). The relative expression of
the target genes was obtained using the delta-delta Ct
method, with the mRNA level of glyceraldehyde
3-phosphate dehydrogenase (GAPDH) used as the inter-
nal control.

2.6 |
assay

Enzyme-linked immunosorbent

The cells subjected to different treatments were homoge-
nized and kept on ice. The levels of the pro-inflammatory
cytokines interleukin-1 beta (IL-1f3), interleukin-6 (IL-6),
and tumor necrosis factor-alpha (TNF-a) were then
evaluated using specific enzyme-linked immunosorbent
assay (ELISA) kits (Thermo Fisher Scientific) according
to the manufacturer's instructions.

2.7 |
species

Measurement of reactive oxygen

The fluorescence of 2’,7’-dichlorofluorescein was used to
measure reactive oxygen species (ROS) generation by the
cells. In brief, the cell lines subjected to 1000 units/mL
IFNa for 24 h and then reacted with 10puM 2',7'-
dichlorofluorescin diacetate for 30 min at 37°C in the
dark. The fluorescence intensity of the cells was then
observed with a fluorescence microplate reader (M5,
SpectraMax) at the excitation/emission wavelengths of
488/525 nm.

2.8 | Measurement of antioxidative
enzyme activities

The cell lines subjected to different treatments were
homogenized and kept on ice. Next, the homogenate was
centrifuged, and the supernatant was recovered and
placed on ice. A standard BCA protein assay kit
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FIGURE 1 (See caption on next page).
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(Beyotime Institute of Biotechnology) was then used to
determine the protein concentration in the supernatant.
Thereafter, the activities of the antioxidative enzymes
superoxide dismutase (SOD) and catalase were tested
using the corresponding detection kits of Beyotime
Institute of Biotechnology. The activity of each enzyme
was expressed in units per milligram of tissue (U/mg).

2.9 | MTT assay of cell viability

The viability of the cell lines subjected to different
treatments was tested using the 3-(4,5-dimethylthiazol-2-
yl)—2,5-diphenyl-2H-tetrazolium bromide (MTT) assay.
In brief, 20 uL of MTT (0.5 mg/mL) was added to the cells
in a microplate. After the reaction period, the super-
natant was discarded, and 150 uL of dimethyl sulfoxide
was added to each well. The plate was then incubated for
10 min with shaking to dissolve the formazan dye.
Finally, the absorbance of the contents in each well was
measured at 540 nm using an Infinite M200 microplate
reader (Tecan).

2.10 | Colony formation assay

The effect of DEX treatment on cell viability was further
investigated using the colony formation assay. In brief, at
2 days after transfection of the RMCs and HEK293 cells
with the various shRNAs, the cells were resuspended in
Dulbecco's modified Eagle's medium supplemented with
10% fetal bovine serum and spread over an 8 mL layer of
0.4% top agar. This was then transferred to 12-well plates
containing a 0.5-mL layer of 0.5% bottom agar in each
well. After 14 days, four regions were randomly selected
from all plates for quantification of the colonies formed.

211 | Flow cytometric assay

After culturing the cells subjected to various treatments
for 48 h, the number of dead cells was evaluated using
the Annexin V-fluorescein isothiocyanate (FITC)/propi-
dium iodide (PI) Apoptosis Assay Kit (Biyuntian
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Biotechnology Co. Ltd., Shanghai, China) according to
the manufacturer's instructions. In brief, the cells were
first suspended in Annexin V binding buffer (1x). Then,
1 uL of PT and 5 L of Annexin V were added to 100 L of
the suspended cells, and the mixture was incubated for
15 min in the dark at ambient temperature. Next, 400 uL
of 1x Annexin V binding buffer was added to terminate
the reaction. The number of dead cells was counted using
a FACSCalibur™ flow cytometer (BD Biosciences).

2.12 | Western blot analysis

Total protein was extracted from the cells subjected to
the different treatments using RIPA buffer (Beyotime
Institute of Biotechnology) at 4°C. After resolution of the
total proteins by electrophoresis, the protein bands were
electrotransferred to polyvinylidene difluoride mem-
branes for incubation with primary antibodies against
the following target proteins: GAPDH (1:5000 dilution,
ab8245, Abcam), caspase-3 (1:1000, ab4051, Abcam),
caspase-9 (1:1000, ab25758, Abcam), cleaved caspase-3
(1:1000, ab2302, Abcam), cleaved caspase-9 (1:1000,
ab2324, Abcam), Src homology region 2 domain-
containing phosphatase 1 (SHP-1) (1:2000, ab227503,
Abcam), signal transducer and activator of transcription
3 (STAT3) (1:2500, ab31370, Abcam), and phosphor
STAT3 (1:500, ab7315, Abcam). Thereafter, the mem-
branes were incubated with goat anti-rat secondary
antibody (1:1000, A0216, Beyotime Institute of Bio-
technology) and horseradish peroxidase-conjugated goat
anti-rabbit antibody (1:1000; A0208, Beyotime Institute
of Biotechnology). The immune response zone was
finally detected by development with a microporous
chemiluminescence western blot kit (Millipore Sigma).

2.13 | Statistical analysis

Data in the various figures are shown as the mean +
standard error of three independent experiments. SPSS
software (version 17.0) was used for all statistical analyses.
Data were evaluated by two-tailed Student's t-test or 1-way
ANOVA for comparison between two groups and among

FIGURE 1

Effect of DEX on SIRT3 expression in the kidneys and its efficacy in treating IFNa-accelerated lupus nephritis progression in

mice. (A) Schematic diagram for timeline of animal treatment. (B) PAS-stained kidney sections were analyzed for renal lesion scores in mice
with IFNa-accelerated lupus nephritis progression. Pathological changes were marked by black arrow. (C) Immunohistochemical, (D)
Pathological scoring. (E) Serum creatinine, (F) Urine albumin, (G) Ratio of urine albumin to creatinine. (H) qPCR, and (I) western blot

analyses of SIRT3 mRNA and protein expression in the kidneys of mice. DEX, dexmedetomidine; SIRT3, sirtuin 3. Scale bar, 50 um. Number

of replicates are 6. **p < .01; **p <.01; **¥p < .001.
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multiple groups. Differences with a p value of less than .05
were regarded as statistically significant.

3 | RESULTS
3.1 | Effect of DEX treatment on lupus
nephritis development in the animal model

BWF1 mice were first infected with IFNa-Ad5 and then
intraperitoneally injected with DEX to study the poten-
tial effect of the drug on alleviating LN. Histological
examination of the extracted mouse kidney tissue was
achieved through periodic acid-Schiff staining. The
results showed that the IFNa-Ad5-infected mice had
developed severe glomerulonephritis. Importantly, DEX-
administered mice developed healthy glomeruli without
significant glomerular enlargement or mesangial cell
proliferation (Figure 1B). The immunohistochemical
(IHC) staining, qPCR, and western blot results showed
that DEX administration led to the upregulation of SIRT3
expression in the kidney tissue of the mice with LN
(Figure 1B-D). To investigate the effect of SIRT3
expression on the renoprotective effect of DEX on mice
with LN, the animals were pre-injected with shRNA-
SIRT3 to knockdown the expression of SIRT3. As
expected, ShRNA-SIRT3 administration significantly
downregulated SIRT3 levels in the kidney tissue, as
assessed by IHC, qPCR, and western blot assays
(Figure 1C-I). Moreover, SIRT3 knockdown accelerated
damage to the glomeruli in the kidney tissue, as
indicated by images and scoring (Figure 1B,D). The
examination on serum creatinine, urine albumin, and
ratio of urine albumin to creatinine indicated that SIRT3
knockdown increased renal damage in the kidney tissue
of animals (Figure 1E-G). These data suggested that DEX
alleviated kidney injury caused by LN in the mouse
model, probably by promoting SIRT3 expression.

3.2 | SIRTS3 expression was regulated in
DEX-treated HEK293 cells and renal
mesangial cells

Mesangial cells and HEK293 cells are two cell lines to
investigate the LN progression, and to confirm the role and
finding of DEX in suppressing LN progression and the
possible mechanism involved. HEK293 cells and RMCs were
preincubated with the drug, following which the LN
phenotype was induced by treating them with IFNa.
Notably, IFNa treatment reduced the expression of SIRT3
in cells that had not been pretreated with DEX, whereas
SIRT3 expression at the protein and mRNA levels was
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increased in the cells that received DEX pretreatment
(Figure 2A-D). To determine the role of SIRT3 in protection
against IFNa-induced LN, RMCs and HEK293 cells were
transfected with shRNAs to silence the expression of SIRT3,
and the effects on various aspects of LN were investigated (as
described in the following sections below). The qPCR and
western blots results confirmed that the expression of SIRT3
had been significantly reduced in both the RMCs and
HEK293 cells following their transfection with shRNA-
SIRT3 (Figure 2A-D). In SIRT3 knockout samples, the
increased lysine acetylation level was found indicating the
SIRT3 activity change (Figure S1).

3.3 | SIRT3 silencing abolished effect of
DEX in IFNca-treated RMCs and HEK293
cells

In patients with SLE, ROS interact with lipids, proteins, and
nucleic acids as well as bicarbonates to promote immune
regulation and trigger autoimmunity, leading to chronic
and acute tissue damage. Oxidative stress in nephritis can
result in robust inflammation in renal cells and their
eventual death.” We first determined whether IFNa could
induce oxidative stress in RMCs and HEK293 cells, and
how DEX and SIRT3 are involved in the process, by
determining the levels of ROS production, SOD and
catalase activities, and nuclear factor-erythroid factor 2-
related factor 2 (Nrf2)/heme oxygenase-1 (HO-1) signal
transduction in the SIRT3-silenced cells. It was found that
IFN« increased ROS generation and reduced the SOD and
catalase activities in both RMCs and HEK293 cells
transfected with ShRNA-Ctrl, whereas DEX treatment
alleviated the IFNa-induced oxidative stress in those cells
(Figure 3A-F). Moreover, SIRT3 silencing counteracted this
effect of DEX, with the cells showing high levels of ROS
generation and reduced SOD and catalase activities
(Figure 3A-F). We also observed that the Nrf2, nuclear
Nrf2, and HO-1 protein levels were reduced by IFNa in the
control cells, whereas DEX treatment reactivated the Nrf2/
HO-1 signaling pathway (Figure 3G,H). However, SIRT3
silencing canceled the effects of DEX on these changed
protein levels (Figure 3G,H). These data suggest that DEX
repressed oxidative stress in the IFNa-treated RMCs and
HEK?293 cells by regulating SIRT3 expression.

3.4 | SIRT3 participated in the DEX
alleviation of inflammation in IFNa-
treated RMCs and HEK?293 cells

Next, we tested the effects of DEX treatment and SIRT3
silencing on the inflammatory response in the two cell
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FIGURE 2 Effect of DEX on SIRT3 expression in RMCs and HEK293 cells with IFNa-induced lupus nephritis. RMCs and HEK293 cells
preincubated with 1 uM DEX were transfected with sShRNA-Ctrl or shRNA-SIRT3 for 24 h and then treated with 1000 units/mL IFNa for
another 24 h. (A, B) The SIRT3 mRNA expression levels in the RMCs and HEK293 cells were detected with the qPCR assay. (C, D) The
SIRT3 protein expression levels in the RMCs and HEK293 cells were detected with the western blot assay. DEX, dexmedetomidine; SIRT3,
sirtuin 3; RMCs, renal mesangial cells; HEK293, human embryonic kidney cell line. Number of replicates are 3. *p < .05, **p < .01; “p < .05,

#p <.01; *¥¥p < .001.

lines with the IFNa-induced LN phenotype. ELISA was
used to examine the expression and release of pro-
inflammatory cytokines (IL-1f3, IL-6, and TNF-a) by the
cells. IFNa upregulated the levels of all three cytokines in
both types of cells, but this effect was alleviated with
DEX administration. Transfection with SshRNA-SIRT3
contributed to a considerable increase in the levels of
these three cytokines compared with the levels in the
shRNA-Ctrl group (Figure 4A,B), indicating that SIRT3
silencing counteracted the inhibitory role of DEX against
IFNa-induced inflammation in HEK293 cells and RMCs.

3.5 | SIRT3 was involved in DEX-
reduced cell death and DEX-promoted cell
survival in IFNa-treated HEK293 cells and
renal mesangial cells

Considering that DEX reversed IFNa-induced oxida-
tive stress and inflammation (known to be two major

causes of apoptosis)*® in RMCs and HEK293 cells, we
hypothesized that SIRT3 may also be involved in
reducing the apoptosis induced by IFNa in these two
cell lines. According to the Annexin V-FITC/PI flow
cytometry results, IFNa significantly induced cell
death, whereas DEX treatment significantly reduced
the percentage of apoptotic cells in the shRNA-Ctrl-
transfected cell lines. Furthermore, SIRT3 silencing
reversed the inhibitory effect of DEX on apoptosis
(Figure 5A,B). Additionally, the IFNa-treated control
cells showed reduced Bcl-2 and increased Bax expres-
sion levels, whereas DEX treatment abolished these
IFNa-induced effects. Moreover, SIRT3 knockdown
resulted in a low level of Bcl-2 expression and a high
level of Bax expression in the DEX- and IFNa-treated
RMCs and HEK?293 cells (Figure 5C-F).

Finally, the effect of DEX on the viability of IFNa-
treated HEK293 cells and RMCs was analyzed using the
colony formation assay and MTT assay. IFNa signifi-
cantly decreased the number of colonies formed and the
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FIGURE 3 Effect of SIRT3 silencing on oxidative stress in DEX-pretreated RMCs and HEK293 cells with IFNa-induced lupus nephritis.
RMCs and HEK293 cells preincubated with 1 uM DEX were transfected with shRNA-Ctrl or sShRNA-SIRT3 for 24 h and then treated with
1000 units/mL IFNa for another 24 h. (A) DCFH-DA staining was performed to evaluate the production of ROS. (B, C) The activities of the
antioxidative enzymes SOD and catalase were determined using the corresponding assay kits. (D) The protein levels of Nrf2, nuclear Nrf2,
and HO-1 in the cells were detected with the western blot assay. DEX, dexmedetomidine; SIRT3, sirtuin 3; RMCs, renal mesangial cells;
HEK293, human embryonic kidney cell line; ROS, reactive oxygen species; SOD, superoxide dismutase; HO-1, heme oxygenase-1, Nrf2,
nuclear factor-erythroid factor 2-related factor 2. Number of replicates are 3. *p < .05, **p < .01; *p < .05, **p < .01; ®p < .05.

survival rate of both shRNA-Ctrl-transfected HEK293 viability of the IFNa-treated cells (Figure 6A-D). These
cells and RMCs, whereas the pretreatment of these cells results indicate that SIRT3 expression is required for
with DEX alleviated these effects. Moreover, SIRT3 DEX to exert its renoprotective effects in IFNa-treated
knockdown reversed the influence of DEX on the HEK?293 cells and RMCs.
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FIGURE 4 Effect of SIRT3 silencing on inflammation in DEX-pretreated RMCs and HEK293 cells with IFNa-induced lupus nephritis.
RMCs and HEK293 cells preincubated with 1 uM DEX were transfected with ShRNA-Ctrl or shRNA-SIRT3 for 24 h and then treated with 1,
000 units/mL IFNa for another 24 h. ELISA was performed to detect the release of IL-18, IL-6, and TNF-a into the media by the (A) RMCs
and (B) HEK293 cells. DEX, dexmedetomidine; SIRT3, sirtuin 3; RMCs, renal mesangial cells; HEK293, human embryonic kidney cell line;
IL-1B, interleukin-1 beta; IL-6, interleukin-6; TNF-c, tumor necrosis factor-alpha. Number of replicates are 3. ***p <.001; “p < .05,

#p <.01; ®p < .05.

4 | DISCUSSION

On the basis of previous in vitro and in vivo studies, we
know that SIRT3 is somehow involved in the protective
effects of the receptor agonist DEX against the damage
from nephritis caused by I/R injury,”® prompting us to
investigate the nature of this involvement more clearly.
To this end, we established both an in vivo animal model
and an in vitro cell-based model of LN in this study. We
observed that the cell damage induced by IFNa (oxida-
tive stress, inflammation, and apoptosis) could be
suppressed after intraperitoneal DEX administration in
the mouse model and with DEX preincubation in the cell
model. DEX treatment increased the SIRT3 expression
levels both in vivo and in vivo. By contrast, SIRT3 gene
knockdown partially abolished the renoprotective effects
of DEX on the pathogenic changes in mice with LN.
Moreover, the silencing of SIRT3 in the DEX-pretreated
and IFNoa-induced cells resulted in increases in the
generation of ROS and pro-inflammatory cytokines and
in the number of apoptotic cells as well as decreases in
the growth and survival rate of the cells, suggesting that
the influence of DEX on IFNa-treated cells might, at least
in part, be SIRT3 dependent.

IFNa is a key cytokine in the pathogenesis of LN.
Moreover, elevated levels of pro-inflammatory cytokines
(e.g., IL-1B, IL-6, and TNF-a) are related to the disease
activity and severity of SLE.*' The inoculation of lupus-
susceptible or RMC-bearing mice with IFNa (exogenous)
increased the severity and rapid progression of LN,
suggesting that IFNa has a pathogenic role in the

development of this condition,**** although the exact

mechanisms involved remains unknown. In this study,
HEK?293 cells and RMCs were treated with IFNa to build
a cell model of LN, and mice were also injected with the
cytokine to establish an animal model of the disease. The
notable pathological changes in the renal tissue of the
mice and the impaired viability of the cell lines suggested
the successful establishment of both animal and cell
models.

Because DEX has good analgesic, sedative, sympa-
thetic neurolysis, and hemodynamic effects, it is widely
used in clinical practice, especially in the perioperative
period, and it also acts as an anti-inflammatory,
antioxidative, and antiapoptotic agent for vital organs
(e.g., heart, brain, lungs, and kidneys).?>***>-® DEX has
been shown to protect renal cells against I/R damage
both in vivo and in vitro. In animal models, DEX could
inhibit the death of renal tubular epithelial cells, thereby
reducing renal injury.* Other studies have shown DEX
to inhibit the inflammatory response and partially
alleviate the renal and myocardial damage caused by
renal I/R injury in a dose-dependent manner”’; to reduce
vacuolation and mitochondrial swelling of the dorsal root
ganglion caused by neuropathic pain®®; and to alleviate
oxidative stress-induced alveolar epithelial cell death by
restraining ROS generation.*® Li et al. found that DEX
preconditioning protects against myocardial ischemia/
reperfusion injury by exerting antioxidant stress through
activation of the Keapl/Nrf2 signal transduction path-
way, while inhibition of the Keapl-Nrf2/ARE signal
transduction pathway reverses the protective effect
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FIGURE 5 Effect of SIRT3 silencing on apoptosis in DEX-pretreated RMCs and HEK293 cells with IFNa-induced lupus nephritis.
RMCs and HEK293 cells preincubated with 1 uM DEX were transfected with ShRNA-Ctrl or shRNA-SIRT3 for 24 h and then treated with 1,
000 units/mL IFNa for another 24 h. (A, B) Annexin V-FITC/PI flow cytometric assay of the proportion of apoptotic RMCs and HEK293
cells. (C, D) The mRNA expression levels of Bax and Bcl-2 in the RMCs and HEK293 cells were assessed using the qPCR assay. (E, F) The
protein levels of Bax and Bcl-2 in the RMCs and HEK293 cells were assessed using the western blot assay. DEX, dexmedetomidine; SIRT3,
sirtuin 3; RMCs, renal mesangial cells; HEK293, human embryonic kidney cell line; Bax, Bcl-2-like protein 4; Bcl-2, B-cell lymphoma 2.
Number of replicates are 3. **p < .01, ***p < .001; *p < .05, **p < .01; ®p < .05, **p < .01.

of DEX preconditioning on myocardial
reperfusion injury.*® Liu et al. indicated that DEX
relieves neuropathic pain in rats with chronic constric-
tion injury via the Keapl/Nrf2 Pathway.*® In our study

and that of others, DEX was found to have a beneficial
effect in protecting against kidney injuries in patients
undergoing major operations, such as cardiovascular
surgery.*"** However, the role of DEX in LN remains

ischemia/
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FIGURE 6 Effect of SIRT3 silencing on the viability of DEX-pretreated RMCs and HEK293 cells with IFNa-induced lupus nephritis.

RMCs and HEK293 cells preincubated with 1 uM DEX were transfected with sShRNA-Ctrl or sShRNA-SIRT3 for 24 h and then treated with 1,
000 units/mL IFNo« for another 24 h. (A, B) The proliferation rate of the cells was measured at 96 h post-IFN« treatment using the colony
formation assay. (C, D) The cell survival rate was determined using the MTT assay. Results are expressed as the mean + SEM. *p < .05,
**p < .01 versus indicated group. DEX, dexmedetomidine; SIRT3, sirtuin 3; RMCs, renal mesangial cells; HEK293, human embryonic kidney
cell line. Number of replicates are 3. *p < .05, **p <.01; "p < .05, *p < .01; *p < .05, **p < .01.

unknown. Our findings suggest that DEX downregulates
cellular ROS generation, upregulates SOD and catalase
activities, activates Nrf2/HO-1 signal transduction, and
reduces inflammation and apoptosis in nephritis. Over-
all, DEX can inhibit oxidative stress, inflammation, and
apoptosis to promote cell viability.

Previous studies have confirmed the role of SIRT3 as a
protectant against acute kidney tissue injury.*® In one study
that used cisplatin to induce acute kidney injury in mice,
the mitochondrial damage and increased oxidative stress
that ensued were found to be related to reduced renal
SIRT3 expression (~80%).° SIRT3 is a mitochondrial
protein deacetylase. In SIRT3-deficient mice, mitochondrial
proteins are highly acetylated.”*™* According to previous
studies, during myocardial I/R injury as well as under renal
oxidative stress, SIRT3 exerts a beneficial effect by
regulating the opening of cyclophilin p-dependent mito-
chondrial permeability transition pores.*® The targeting of
SIRT3 effectively reduced both mitochondrial fragmenta-
tion and the degree of damage to the kidneys and
accelerated their functional recovery. These results suggest

that maintenance of the mitochondrial structure and
function can promote stable recovery from renal
injury.*>*”* In a murine model of SIRT3 gene knockout,
fibrosis developed in the lungs, liver, and kidneys of mice at
15 months of age.* Several previous studies demonstrated
a direct regulatory loop between SIRT3 and Nrf2 in various
diseases,”* > indicating that SIRT3-Nrf2 loops also exerted
its function in LN development. Our results from the RMC
and HEK?293 cell models concurred with previous findings
that SIRT3 upregulation following DEX pretreatment is
positively correlated with alleviated inflammation and
oxidative stress and reduced cell death. Moreover, SIRT3
knockdown in mice partially abolished the renoprotective
effects of DEX against LN.

5 | CONCLUSION

In conclusion, DEX treatment reduced renal injury
caused by nephritis in a mouse model of LN and
alleviated damage (inflammation, oxidative stress, and
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cell death) in IFNa-treated RMCs and HEK293 cells.
During LN model development, DEX significantly
promoted SIRT3 expression in the kidneys and cell lines.
Further findings showed that the renoprotective effects
of DEX on these in vivo and in vitro models were
partially SIRT3-dependent. Therefore, we concluded that
DEX prevents nephritis by upregulating SIRT3 expres-
sion. The results of this study offer supporting informa-
tion on the potential mechanism of DEX in its protection
of the kidneys in LN as well as the involvement of SIRT3
in this process.

AUTHOR CONTRIBUTIONS

Kai Lu: Conceptualization; writing—original draft;
writing—review and editing. Xinlong Li: Conceptuali-
zation; data curation; formal analysis; investigation;
validation. Jie Wu: Data curation; formal analysis;
investigation; validation.

ACKNOWLEDGMENTS
The authors have no funding to report.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are
available from the corresponding author upon reasonable
request.

ORCID

Kai Lu © https://orcid.org/0000-0001-6978-0285

REFERENCES

1. Tsokos GC, Lo MS, Reis PC, Sullivan KE. New insights into
the immunopathogenesis of systemic lupus erythematosus.
Nat Rev Rheumatol. 2016;12(12):716-730. doi:10.1038/
nrrheum.2016.186

2. de Zubiria Salgado A, Herrera-Diaz C. Lupus nephritis: an
overview of recent findings. Autoimmune Dis. 2012;2012:1-21.
doi:10.1155/2012/849684

3. Hahn BH, Mcmahon MA, Wilkinson A, et al. American
college of rheumatology guidelines for screening, treatment,
and management of lupus nephritis. Arthritis Care Res.
2012;64(6):797-808. d0i:10.1002/acr.21664

4. Davidson A, Aranow C. Lupus nephritis: lessons from murine
models. Nat Rev Rheumatol. 2010;6(1):13-20. doi:10.1038/
nrrheum.2009.240

5. Zhen QL, Xie C, Wu T, et al. Identification of autoantibody
clusters that best predict lupus disease activity using
glomerular proteome arrays. J Clin Invest. 2005;115(12):
3428-3439. doi:10.1172/JCI123587

6. Ronnblom L, Eloranta ML, Alm GV. The type I interferon
system in systemic lupus erythematosus. Arthritis Rheum.
2006;54(2):408-420. doi:10.1002/art.21571

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Open Access,

Baechler EC, Gregersen PK, Behrens TW. The emerging role
of interferon in human systemic lupus erythematosus. Curr
Opin Immunol. 2004;16(6):801-807. d0i:10.1016/j.coi.2004.
09.014

Liu Z, Davidson A. IFNa inducible models of murine SLE.
Front Immunol. 2013;4:306. doi:10.3389/fimmu.2013.00306
Banchereau J, Pascual V. Type I interferon in systemic lupus
erythematosus and other autoimmune diseases. Immunity.
2006;25(3):383-392. doi:10.1016/j.immuni.2006.08.010

Ka S-M, Cheng C-W, Shui H-A, et al. Mesangial cells of lupus-
prone mice are sensitive to chemokine production. Arthritis
Res Ther. 2007;9(4):67. doi:10.1186/ar2226

Krotz F. TNF receptor subtype 2 induction by viral dsRNA
involves IP-10 and TNF-« in glomerular mesangial inflamma-
tion. Am J Physiol Renal Physiol. 2011;301(1):F55-F56. doi:10.
1152/ajprenal.00219.2011

Patole PS, Gro[Combining Diaeresis|ne H-J, Segerer S, et al.
Viral double-stranded RNA aggravates lupus nephritis
through toll-like receptor 3 on glomerular mesangial cells
and antigen-presenting cells. J Am Soc Nephrol. 2005;16(5):
1326-1338. doi:10.1681/ASN.2004100820

Fairhurst A-M, Xie C, Fu Y, et al. Type I interferons produced
by resident renal cells may promote end-organ disease in
autoantibody-mediated glomerulonephritis. J Immunol. 2009;
183(10):6831-6838. doi:10.4049/jimmunol.0900742
Tissenbaum HA, Guarente L. Increased dosage of a sir-2 gene
extends lifespan in Caenorhabditis elegans. Nature. 2001;
410(6825):227-230. doi:10.1038/35065638

Dong Y, Liu N, Xiao Z, et al. Renal protective effect of sirtuin
1. J Diabetes Res. 2014;2014:843786. doi:10.1155/2014/843786
Saunders LR, Verdin E. Sirtuins: critical regulators at the
crossroads between cancer and aging. Oncogene. 2007;26(37):
5489-5504. do0i:10.1038/sj.0nc.1210616

Benigni A, Corna D, Zoja C, et al. Disruption of the Ang II
type 1 receptor promotes longevity in mice. J Clin Invest.
2009;119(3):524-530. doi:10.1172/jci36703

Bochaton T, Crola-Da-Silva C, Pillot B, et al. Inhibition of
myocardial reperfusion injury by ischemic postconditioning
requires sirtuin 3-mediated deacetylation of cyclophilin D.
J Mol Cell Cardiol. 2015;84:61-69. doi:10.1016/j.yjmcc.2015.
03.017

Yang H, Zuo XZ, Tian C, et al. Green tea polyphenols
attenuate high-fat diet-induced renal oxidative stress through
SIRT3-dependent deacetylation. Biomed Environ Sci BES.
2015;28(6):455-459. doi:10.3967/bes2015.064

Morigi M, Perico L, Rota C, et al. Sirtuin 3-dependent
mitochondrial dynamic improvements protect against acute
kidney injury. J Clin Invest. 2015;125(2):715-726. doi:10.1172/
JCI77632

Si'Y, Bao H, Han L, et al. Dexmedetomidine protects against
renal ischemia and reperfusion injury by inhibiting the JAK/
STAT signaling activation. J Transl Med. 2013;11:141. doi:10.
1186/1479-5876-11-141

Aantaa R, Jalonen J. Perioperative use of a2-adrenoceptor
agonists and the cardiac patient. Eur J Anaesthesiol.
2006;23(5):361-372. doi:10.1017/s0265021506000378

Kadoi Y, Saito S, Kawauchi C, Hinohara H, Kunimoto F.
Comparative effects of propofol vs dexmedetomidine on
cerebrovascular carbon dioxide reactivity in patients with


https://orcid.org/0000-0001-6978-0285
https://doi.org/10.1038/nrrheum.2016.186
https://doi.org/10.1038/nrrheum.2016.186
https://doi.org/10.1155/2012/849684
https://doi.org/10.1002/acr.21664
https://doi.org/10.1038/nrrheum.2009.240
https://doi.org/10.1038/nrrheum.2009.240
https://doi.org/10.1172/JCI23587
https://doi.org/10.1002/art.21571
https://doi.org/10.1016/j.coi.2004.09.014
https://doi.org/10.1016/j.coi.2004.09.014
https://doi.org/10.3389/fimmu.2013.00306
https://doi.org/10.1016/j.immuni.2006.08.010
https://doi.org/10.1186/ar2226
https://doi.org/10.1152/ajprenal.00219.2011
https://doi.org/10.1152/ajprenal.00219.2011
https://doi.org/10.1681/ASN.2004100820
https://doi.org/10.4049/jimmunol.0900742
https://doi.org/10.1038/35065638
https://doi.org/10.1155/2014/843786
https://doi.org/10.1038/sj.onc.1210616
https://doi.org/10.1172/jci36703
https://doi.org/10.1016/j.yjmcc.2015.03.017
https://doi.org/10.1016/j.yjmcc.2015.03.017
https://doi.org/10.3967/bes2015.064
https://doi.org/10.1172/JCI77632
https://doi.org/10.1172/JCI77632
https://doi.org/10.1186/1479-5876-11-141
https://doi.org/10.1186/1479-5876-11-141
https://doi.org/10.1017/s0265021506000378

LU ET AL.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Immunity, Inflammation and Disease

13 of 14
W1 LEy— |24

Open Access,

septic shock. Br J Anaesth. 2008;100(2):224-229. doi:10.1093/
bja/aem343

Memis D, Hekimoglu S, Vatan I, Yandim T, Yiiksel M, Siit N.
Effects of midazolam and dexmedetomidine on inflammatory
responses and gastric intramucosal pH to sepsis, in critically ill
patients. Br J Anaesth. 2007;98(4):550-552. doi:10.1093/bja/
aem017

Gu J, Sun P, Zhao H, et al. Dexmedetomidine provides
renoprotection against ischemia-reperfusion injury in mice.
Crit Care. 2011;15(3):R153. d0i:10.1186/cc10283

Ammar A, Mahmoud K, Kasemy Z, Helwa M. Cardiac and
renal protective effects of dexmedetomidine in cardiac
surgeries: A randomized controlled trial. Saudi J Anaesth.
2016;10(4):395-401. doi:10.4103/1658-354x.177340

Ji F, Li Z, Young JN, Yeranossian A, Liu H. Post-bypass
dexmedetomidine use and postoperative acute kidney injury
in patients undergoing cardiac surgery with cardiopulmonary
bypass. PLoS ONE. 2013;8(10):e77446. doi:10.1371/journal.
pone.0077446

Si Y, Bao H, Han L, et al. Dexmedetomidine attenuation of
renal ischaemia-reperfusion injury requires sirtuin 3 activa-
tion. Br J Anaesth. 2018;121(6):1260-1271. doi:10.1016/j.bja.
2018.07.007

Ene CD, Georgescu SR, Tampa M, et al. Cellular response
against oxidative stress, a novel insight into lupus nephritis
pathogenesis. J Pers Med. 2021;11(8):693. do0i:10.3390/
jpm11080693

Jian Z, Guo H, Liu H, et al. Oxidative stress, apoptosis and
inflammatory responses involved in copper-induced pulmo-
nary toxicity in mice. Aging. 2020;12(17):16867-16886. doi:10.
18632/aging.103585

Aringer M, Smolen JS. Cytokine expression in lupus kidneys.
Lupus. 2005;14(1):13-18. d0i:10.1191/09612033051u20530a
Heremans H, Billiau A, Colombatti A, Hilgers J, De Somer P.
Interferon treatment of NZB mice: accelerated progression of
autoimmune disease. Infect Immun. 1978;21(3):925-930.
doi:10.1128/iai.21.3.925-930.1978

Fairhurst AM, Mathian A, Connolly JE, et al. Systemic IFN-a
drives kidney nephritis in B6. Sle123 mice. Eur J Immunol.
2008;38(7):1948-1960. doi:10.1002/€ji.200837925

Han X, Wang Y, Zhang X, et al. MicroRNA-130b ameliorates
murine lupus nephritis through targeting the type I interferon
pathway on renal mesangial cells. Arthritis Rheumatol.
2016;68(9):2232-2243. doi:10.1002/art.39725

Wu GJ, Chen JT, Tsai HC, Chen TL, Liu SH, Chen RM.
Protection of dexmedetomidine against ischemia/reperfusion-
induced apoptotic insults to neuronal cells occurs via an
intrinsic mitochondria-dependent pathway. J Cell Biochem.
2017;118(9):2635-2644. doi:10.1002/jcb.25847

Cui J, Zhao H, Wang C, Sun JJ, Lu K, Ma D. Dexmedetomi-
dine attenuates oxidative stress induced lung alveolar
epithelial cell apoptosis in vitro. Oxid Med Cell Longevity.
2015;2015:358396. doi:10.1155/2015/358396

Xu Z, Wang D, Zhou Z, et al. Dexmedetomidine attenuates
renal and myocardial ischemia/reperfusion injury in a dose-
dependent manner by inhibiting inflammatory response. Ann
Clin Lab Sci. 2019;49(1):31-35.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Wu GJ, Chen JT, Tsai HC, Chen TL, Liu SH, Chen RM.
Protection of dexmedetomidine against ischemia/reperfusion-
induced apoptotic insults to neuronal cells occurs via an
intrinsic mitochondria-dependent pathway. J Cell Biochem.
2017;118(9):2635-2644. doi:10.1002/jcb.25847

Li H-x WangT-h, Wu L-x XueF-s, Zhang G-h YanT. Role of
Keapl-Nrf2/ARE signal transduction pathway in protection of
dexmedetomidine preconditioning against myocardial ische-
mia/reperfusion injury. Biosci Rep. 2022;42(9):BSR20221306.
doi:10.1042/BSR20221306

Liu Y, Liu W, Wang X-Q, Wan Z-H, Liu Y-Q, Zhang M-J.
Dexmedetomidine relieves neuropathic pain in rats with chronic
constriction injury via the Keapl-Nrf2 pathway. Front Cell Dev
Biol. 2021;9:714996. doi:10.3389/fcell.2021.714996

Frumento RJ, Logginidou HG, Wahlander S, Wagener G,
Playford HR, Sladen RN. Retracted: dexmedetomidine
infusion is associated with enhanced renal function after
thoracic surgery. J Clin Anesth. 2006;18(6):422-426. doi:10.
1016/j.jclinane.2006.02.005

Xue FS, Li RP, Liu GP, Sun C. Assessing renoprotective effect
of perioperative dexmedetomidine in cardiac surgery patients.
Kidney Int. 2016;89(5):1163-1164. doi:10.1016/j.kint.2015.
12.052

Lombard DB, Alt FW, Cheng H-L, et al. Mammalian Sir2
homolog SIRT3 regulates global mitochondrial lysine acetyla-
tion. Mol Cell Biol. 2007;27(24):8807-8814. doi:10.1128/MCB.
01636-07

Rardin MJ, Newman JC, Held JM, et al. Label-free quantita-
tive proteomics of the lysine acetylome in mitochondria
identifies substrates of SIRT3 in metabolic pathways. Proc Nat
Acad Sci. 2013;110(16):6601-6606. doi:10.1073/pnas.
1302961110

Dittenhafer-Reed KE, Richards AL, Fan J, et al. SIRT3
mediates multi-tissue coupling for metabolic fuel switching.
Cell Metab. 2015;21(4):637-646. doi:10.1016/j.cmet.2015.03.007
Perico L, Morigi M, Benigni A. Mitochondrial sirtuin 3 and
renal diseases. Nephron. 2016;134(1):14-19. doi:10.1159/
000444370

Yuan Y, Zhu L, Li L, et al. S-sulthydration of SIRT3
by hydrogen sulfide attenuates mitochondrial dysfunction
in cisplatin-induced acute kidney injury. Antioxid
Redox Signal. 2019;31(17):1302-1319. doi:10.1089/ars.
2019.7728

Wang Q, Xu J, Li X, et al. Sirt3 modulate renal ischemia-
reperfusion injury through enhancing mitochondrial
fusion and activating the ERK-OPAI1 signaling pathway.
J Cell Physiol. 2019;234(12):23495-23506. doi:10.1002/jcp.
28918

Sundaresan NR, Bindu S, Pillai VB, et al. SIRT3 blocks aging-
associated tissue fibrosis in mice by deacetylating and
activating glycogen synthase kinase 383. Mol Cell Biol. 2016;
36(5):678-692. doi:10.1128/MCB.00586-15

Zhou M, Dai Y, Ma Y, et al. Protective effects of
liquiritigenin against cisplatin-induced nephrotoxicity via
nrf2/sirt3-mediated improvement of mitochondrial func-
tion. Molecules. 2022;27(12):3823. doi:10.3390/molecules
27123823


https://doi.org/10.1093/bja/aem343
https://doi.org/10.1093/bja/aem343
https://doi.org/10.1093/bja/aem017
https://doi.org/10.1093/bja/aem017
https://doi.org/10.1186/cc10283
https://doi.org/10.4103/1658-354x.177340
https://doi.org/10.1371/journal.pone.0077446
https://doi.org/10.1371/journal.pone.0077446
https://doi.org/10.1016/j.bja.2018.07.007
https://doi.org/10.1016/j.bja.2018.07.007
https://doi.org/10.3390/jpm11080693
https://doi.org/10.3390/jpm11080693
https://doi.org/10.18632/aging.103585
https://doi.org/10.18632/aging.103585
https://doi.org/10.1191/0961203305lu2053oa
https://doi.org/10.1128/iai.21.3.925-930.1978
https://doi.org/10.1002/eji.200837925
https://doi.org/10.1002/art.39725
https://doi.org/10.1002/jcb.25847
https://doi.org/10.1155/2015/358396
https://doi.org/10.1002/jcb.25847
https://doi.org/10.1042/BSR20221306
https://doi.org/10.3389/fcell.2021.714996
https://doi.org/10.1016/j.jclinane.2006.02.005
https://doi.org/10.1016/j.jclinane.2006.02.005
https://doi.org/10.1016/j.kint.2015.12.052
https://doi.org/10.1016/j.kint.2015.12.052
https://doi.org/10.1128/MCB.01636-07
https://doi.org/10.1128/MCB.01636-07
https://doi.org/10.1073/pnas.1302961110
https://doi.org/10.1073/pnas.1302961110
https://doi.org/10.1016/j.cmet.2015.03.007
https://doi.org/10.1159/000444370
https://doi.org/10.1159/000444370
https://doi.org/10.1089/ars.2019.7728
https://doi.org/10.1089/ars.2019.7728
https://doi.org/10.1002/jcp.28918
https://doi.org/10.1002/jcp.28918
https://doi.org/10.1128/MCB.00586-15
https://doi.org/10.3390/molecules27123823
https://doi.org/10.3390/molecules27123823

14 of 14 WI LEy_Immunity, Inflammation and Disease

51.

52.

53.

LU ET AL.

Feng L, Gao J, Liu Y, Shi J, Gong Q. Icariside II alleviates
oxygen-glucose deprivation and reoxygenation-induced PC12
cell oxidative injury by activating Nrf2/SIRT3 signaling
pathway. Biomed Pharmacother. 2018;103:9-17. doi:10.1016/j.
biopha.2018.04.005

Yao Y, Ren Z, Yang R, et al. Salidroside reduces neuro-
pathology in Alzheimer's disease models by targeting NRF2/
SIRT3 pathway. Cell Biosci. 2022;12(1):180. doi:10.1186/
$13578-022-00918-z

Luo C, Ding W, Yang C, Zhang W, Liu X, Deng H.
Nicotinamide mononucleotide administration restores redox
homeostasis via the Sirt3-Nrf2 axis and protects aged mice
from oxidative stress-induced liver injury. J Proteome Res.
2022;21(7):1759-1770. doi:10.1021/acs.jproteome.2c00167

Open Access,

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Lu K, Li X, Wu J. Sirtuin
3 is required for the dexmedetomidine-mediated
alleviation of inflammation and oxidative stress in
nephritis. Immun Inflamm Dis. 2024;12:e1135.
doi:10.1002/iid3.1135


https://doi.org/10.1016/j.biopha.2018.04.005
https://doi.org/10.1016/j.biopha.2018.04.005
https://doi.org/10.1186/s13578-022-00918-z
https://doi.org/10.1186/s13578-022-00918-z
https://doi.org/10.1021/acs.jproteome.2c00167
https://doi.org/10.1002/iid3.1135

	Sirtuin 3 is required for the dexmedetomidine-mediated alleviation of inflammation and oxidative stress in nephritis
	1 INTRODUCTION
	2 MATERIALS AND METHODS
	2.1 Lentivirus generation
	2.2 Mouse model of nephritis
	2.3 Cell cultures and modeling
	2.4 Cell transfection
	2.5 Quantitative reverse transcription-polymerase chain reaction assay (qPCR)
	2.6 Enzyme-linked immunosorbent assay
	2.7 Measurement of reactive oxygen species
	2.8 Measurement of antioxidative enzyme activities
	2.9 MTT assay of cell viability
	2.10 Colony formation assay
	2.11 Flow cytometric assay
	2.12 Western blot analysis
	2.13 Statistical analysis

	3 RESULTS
	3.1 Effect of DEX treatment on lupus nephritis development in the animal model
	3.2 SIRT3 expression was regulated in DEX-treated HEK293 cells and renal mesangial cells
	3.3 SIRT3 silencing abolished effect of DEX in IFNα-treated RMCs and HEK293 cells
	3.4 SIRT3 participated in the DEX alleviation of inflammation in IFNα-treated RMCs and HEK293 cells
	3.5 SIRT3 was involved in DEX-reduced cell death and DEX-promoted cell survival in IFNα-treated HEK293 cells and renal mesangial cells

	4 DISCUSSION
	5 CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




