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ORIGINAL RESEARCH

Irisin Prevents Cell Death in High Glucose via
NLRP3 Inhibition
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ABSTRACT

Background « Impaired cardiac microvascular function has
been implied in the pathophysiology of diabetic
cardiovascular disease. However, the specific mechanism
remains to be determined. Pyroptosis is a type of cell death
that differs from apoptosis and autophagy. It is caused by
the formation of plasma membrane pores through amino-
terminal fragments of Gasdermin D (GSDMD), leading to
the secretion of IL-1p and IL-18. Recent studies have shown
that irisin, a myokine cleaved by the extracellular domain of
FNDCS5, plays a protective role in cardiovascular diseases.
Here, we investigated the potential role of pyroptosis on the
cardiac microvascular endothelial cells (CMECs) injury
induced by high glucose (HG) and further determined the
protective effect of irisin on pyroptosis.

Methods « CMECs were cultured with normal glucose
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INTRODUCTION

Impairment of the vascular endothelium has been
observedinall forms of cardiovascular disease. Hyperglycemia
causes cardiac microvascular endothelial cell (CMEC)
dysfunction, which leads to the development of diabetic
cardiovascular diseases.! Dysfunctional endothelial cells are

(control group, 5.5 mM) and high glucose (25 mM) medium
for 12, 24, and 48 h respectively. The pyroptosis of CMECs
was measured by immunofluorescence staining, ELISA, and
Western blot assays. Moreover, the apoptosis level was
determined by flow cytometry and TUNEL staining.
Results o Our results showed that HG promoted apoptosis
and pyroptosis. However, irisin reversed the increased
apoptosis and pyroptosis. To investigate the underlying
mechanism, we overexpressed the NLRP3 protein. We
found the protective effect of irisin on apoptosis and
pyroptosis was abolished by NLRP3 over-expression.
Conclusions « Our data suggest that irisin protects
CMECs against apoptosis and pyroptosis, at least in part,
by inhibiting NLRP3 inflammasome. (Altern Ther Health
Med. [E-pub ahead of print.])

characterized by low viability, poor migration capacity, and
abnormal extracellular matrix, which eventually accelerate
the progression of pathological diseases.? Thus, high glucose-
induced poor survival has been implied in the development
of diabetic vascular disorders, as well as the inhibition of cell
death-induced injury is considered a therapeutic strategy for
diabetes and cardiovascular diseases.

Pyroptosis, a novel programmed cell-death form
associated with inflammatory mediators, is mediated by
Gasdermin D (GSDMD), which is triggered by NLR family
pyrin domain-containing 3 (NLRP3) inflammasome.® It is
activated by a cleavage mediated by caspase-1 or independent
caspase-1 and then releases amino-terminal Gasdermin-N
and carboxy-terminal Gasdermin-C domains, which differs
from apoptosis, and autophagy. The N-terminal fragment of
GSDMD translocates to the plasma membrane, where it
binds to phospholipids to form pores in membranes, resulting
in lytic cell death with inflammatory factors secretion.*
Previous studies have found that the roles of pyroptosis in
cardiovascular disease are emerging, including myocardial
infarction, ischemia-reperfusion, diabetic cardiomyopathy,
and atherosclerosis.”” Recently, evidence has indicated that
pyroptosis occurs during microvascular endothelial cell
dysfunction, such as aortic endothelial cells,*® brain
microvascular endothelial cells.!® Also, accumulating studies
showed that pyroptosis contributed to HG-related
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microvascular endothelial cell impairment by targeting
NLRP1." However, how to inhibit excess pyroptosis induced
by HG remains unclear.

Irisin, a myokine, is cleaved by the extracellular domain of
FNDC5 which is considered a transmembrane protein with
two domains (fibronectin IIT and carboxy-terminal).'* Notably,
evidence showed that irisin existed in the heart,”® and was
involved in regulating cardiovascular function by mediation of
apoptosis and autophagy,'*'® suggesting that irisin implies in
cardioprotective effect. Recently, studies have also indicated
that irisin has a protective effect on injured vascular endothelial
cells induced by HG.” However, the effect of irisin on
cardiovascular endothelial cellular pyroptosis-induced HG is
unclear. Thus, we hypothesize that irisin alleviates HG-induced
pyroptosis in CMECs, which may provide an optimal
therapeutic target for diabetic cardiovascular diseases.

METHODS
Isolation and culture of CMECs

Isolation and culture of CMECs were performed as
previously described.’® We selected adult male C57BL/6 mice
as experimental animals (from the Laboratory Animal
Research Center of Rocket Army Special Medical Center of
Chinese People’s Liberation Army) to isolate CMECs. Before
any experiment, mice were raised in a temperature-controlled
facility and maintained on the background of 26+2°C and
55+15% relative humidity with a constant 12-hour light/dark
cycle (light cycle, 8:00 AM to 8:00 PM), with tap water and
rodent chow provided 2 weeks ad libitum. Male 8-weeks-old
C57BL/6] mice were anesthetized with deep isoflurane (5%)
anesthesia and then hearts were excised and rinsed with PBS
supplemented with heparin. To devitalize the epicardial
mesothelial cells and endocardial endothelial cells, the left
ventricle was dissected and immersed in 75% ethanol for 30
seconds. The remaining tissues were then cut into 1 mm? and
subjected to digestive juice as above. Dissociated cells were
filtered and centrifuged at 1000 rpm for 5 min. The cells were
resuspended in ECM complete medium (ScienCell, San Diego,
CA, USA) containing 5% FBS, 1% endothelial cell growth
supplement (ECGS), and 1% P/S and plated on fibrous
collagen treated dishes. Primary cultures of CMECs were
identified by immunofluorescence of endoglin (CD105). After
confluence, media were replaced with different conditions.
CMECs in control group were cultured with normal glucos
medium (5.5 mM). However, CMECs in high glucose were
cultured with high glucose medium (25 mM). For irisin
treatment, CMECs were incubated with recombinant irisin
(50 ng/mL, 100 ng/mL, 200 ng/mL) for 48 h.

Measurement of cells apoptosis

The apoptosis of CMECs was determined by flow
cytometry using an Annexin V-FITC/PI Kit (Merck,
Germany) according to the manufacturer’s instructions.” In
brief, CMECs were suspended in 200 pL of binding buffer.
The cells were incubated with 10 pL of Annexin V solution
and 5 pL propidine iodide (PI) at room temperature for 30

min respectively. CMECs were immediately analyzed on a
FACSC LSR (Becton, Dickinson and Company, San Jose, CA,
USA). Gating for Annexin V is FITC (maximum excitation
of 488 nm and an emission of 520 nm), while PI has a
maximum excitation of ~535 nm and an emission of 617 nm.
Flow cytometry data were analyzed with FlowJo software
(Version 10.9; Treestar, Inc., San Carlos, CA, USA).

Apoptotic CMECs were also detected by a Terminal
deoxynucleotidyl transferase dUTP nick-end labeling
(TUNEL) Assay Kit (In Situ Cell Death Detection Kit; Roche
Diagnostics, Basel, Switzerland) according to the manufacturer’s
instructions and detected by confocal microscopy (Olympus
Fluoview 2000, Tokyo, Japan). The total number of nuclei and
the number of TUNEL-positive nuclei were determined in five
random fields in each sample. The percentage of apoptotic cells
was calculated by Image ] software (Version 1.48; National
Institutes of Health, Bethesda, MD, USA). All these assays
were performed and counted in a blinded manner.

Cell viability

Cell Counting Kit-8 (CCK-8) assay was performed to
determine cell viability. Briefly, cells were collected, and the
culture supernatants were transformed into 10% CCK-8
fresh medium. With the background reading considered, the
absorbance at 450 nm, which represents cell viability, was
measured in a multimode microplate reader.

Enzyme-linked immunosorbent assay (ELISA)

Cell medium supernatants were collected and stored at
-20°C for the subsequent analysis of cytokines. ELISA Kits,
including mouse LDH (BFNE85195, Bluef Biotechnology),
mouse IL-1f ELISA Kit (Abcam, ab197742, Cambridge, MA,
USA), and IL-18 Mouse ELISA Kit (Thermo Fisher Scientific,
KMCO0181, Waltham, MA, USA) were performed following
the manufacturer’s instructions.

PI Staining

CMECs were stained with PI Staining Kit (E607306-
0200, Sangon Biotech, Shanghai, China) according to the
manufacturer’s instructions and detected by confocal
microscopy (Olympus Fluoview 2000, Tokyo, Japan). Cells
were pretreated with different treatments (HG for 12, 24, and
48 h/Irisin). Cells were pretreated with PI (5 pL) for 30 mins.
The total of nuclei WAS stained with DAPI. The total
number of nuclei and the number of PI-positive nuclei were
determined in five random fields. The percentage of death
cells was calculated by Image ] software. All these assays
were performed and counted in a blinded manner.

Immunofluorescence staining

CMECs were fixed with 4% paraformaldehyde in PBS
for 0.5 h, permeabilized with 0.5% Triton X-100 for 10
minutes, and blocked in 5% normal goat serum in PBS for 1
h at room temperature. Then, CMECs were probed with anti-
NLRP3 antibodies, anti-ACS antibodies, and Alexa Fluor
594-conjugated goat anti-rabbit IgG secondary antibody.
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After staining the cell nuclei with DAPI for 5 minutes, the
immunofluorescent images were captured on a Zeiss
fluorescence microscopy (Jena, Germany). Sections were
imaged using a confocal microscope (Fluo-View-FV1000,
Olympus, Tokyo, Japan).

RNA isolation and RT-qPCR analysis

After incubation, total RNA was extracted from cells with
TRIzol (Invitrogen, Carlsbad, CA, USA), according to the
manufacturer’s instructions. Purified RNA (1 ug) was used for
synthesizing cDNA by TransScript cDNA Synthesis SuperMix
(TransGen Biotech, Beijing, China). Quantitative PCR was
performed on a real-time PCR System (Eppendorf
International, Hamburg, Germany) with SYBR Green PCR
Master Mix. The following protocol was used for the RT-qPCR:
initial activation step of 10 min at 95°C, followed by 40 cycles
of 30 s at 95°C and 10 s at 52°C. The mRNA level of FNDC5
was normalized to B-actin. The RT-qPCR gene-specific primer
sequences were: NLRP3:5-ATTACCCGCCCGAGAAAGG-3/,
5-TCGCAGCAAAGATCCACACAG-3; B-actin:
5'-CCTTCCTTCTTGGGTATGGA-3",
5'-CTTGCTGATCCACATCTGCT-3".

Exogenous NLRP3 over-expression vector construction
and in vitro cell treatment

For over-expressions of NLRP3, the empty vector
pcDNA3.1 (used as a control) and NLRP3, were purchased
from Era Biotech (Shanghai, China). CMECs were infected
with adenoviral vector expression NLRP3 genes for
establishing cell line stable expression of GFP-NLRP3. All
inserted genes were sequenced. Adenoviral vectors were
generated and purified as described. Stable expression of
GFP-NLRP3 cells was stimulated by irisin at 37°C. At the end
of each experiment, the cells and culture medium were then
collected for further study.

Western blot analysis

The proteins (50 pg/lane) extracted from cardiomyocytes
were fractionated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and blotted to polyvinylidene
fluoride (PVDF) membranes (Millipore, Billerica, MA, USA).
Membranes were blocked for 1 h using 5% nonfat milk.
Then, the whole-cell extracts were probed overnight with the
following primary antibodies at 4°C: Cleaved caspase-3(1:500
dilution), Cleaved caspase-1 (1:500 dilution), NLRP3 (1:500
dilution), ACS (1:500 dilution), GSDMD (1:500 dilution), and
B-actin (1:1000 dilution). After incubation with the primary
antibodies, membranes were incubated with secondary
antibodies for 1 h. The protein bands were quantified by
measuring the band intensity in each group.

Statistical analysis

The data analysis was performed with GraphPad Prism
software (Version 8.0; La Jolla, CA, USA). All quantitative
data are expressed as the means + SEM. The Shapiro-Wilk
normality test was performed to determine the normality of the

Figure 1. High glucose induces apoptosis of CMECs. (A)
Representative results of the FACS analysis in CMECs under
high glucose for 12, 24, and 48 h. Viable cells: Annexin V-/
PI'; Early apoptosis: Annexin V*/PI"; late apoptosis: V*/PI*;
Necrotic: V7/PI*. (B) Quantification of the apoptotic CMECs
(n=5,*P<.05). (C) CCK-8 assay under different treatments
(n = 5, *P < .05). (D) Representative TUNEL staining
imaging of CMECs under high glucose for 12, 24, and 48 h
(scale bars 20 um). (E) Quantification of TUNEL positive
CMECs in all groups (n = 5, *P < .05). (F) Representative
Western blots of cleaved caspase-3 in each group. (G) Semi-
quantification of Cleaved caspase 3 expression. Data are
expressed as the means + SEM; n = 5; *P < .05.
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data distribution. Differences between two groups or multiple
groups were analyzed using the Student’s t-test and ANOVA,
respectively. Bonferroni testing was performed to determine
post hoc testing. A P < .05 was considered significant.

RESULTS
HG stress increased apoptosis in CMECs

To analyze the apoptosis induced by HG stress in CMECs,
we performed flow cytometry, TUNEL staining, and Western
blot assays. Annexin V is considered a marker for early
apoptosis. Early apoptotic cells will only take up Annexin V
stain while remaining PI negative. The late-stage apoptotic and
necrotic cells will be positive for both Annexin V and PI. The
representative flow cytometry results indicated that the
percentage of early-stage apoptotic CMECs with HG stimuli for
12-48 h was significantly increased than that in the control
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Figure 2. High glucose induces pyroptosis of CMECs. (A)
Staining the cells with PI and analyzing the cells under a
microscope (scale bars 20 um). (B) Quantification of the
pyroptotic CMECs (n =5, *P < .05). (D) Immunofluorescence
staining with NLRP3 and ACS antibodies by confocal
microscope (scale bars 20 pm). (E) Western blot assay of
NLRP3, ACS, GSDMD, GSDMD-N, and Cleaved-caspase-1.
Semi-quantification of NLRP3 (H), ACS (I), GSDMD-N (J),
Cleaved caspase 1 (K) expression. Representative ELISA
assay of LDH (C), IL-1p (F), IL-18 (G). Data are expressed as
the means + SEM; n = 5; *P < .05.
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Figure 3. The apoptosis and pyrotosis after Administration of
CMECs with different concentrations of irisin. (A) TUNEL
staining imaging of CMECs (scale bars 20 pm). (B) PI
staining of cells under a microscope (scale bars 20 um). (C)
Quantification of TUNEL positive CMECs (n = 5, *P < .05).
(D) Quantification of the PI-positive CMECs (n = 5, *P <
.05). (E) Representative CCK-8 assay (n=>5, *P < .05). Data
are expressed as the means + SEM; n = 5; *P < .05.
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group (F = 5.32, P = .014, Figure 1A, 1B). The representative
CCK-8 assay demonstrated that high glucose decreased the
viability of CMECs (F = 5.23, P = .013, Figure 1C). Meanwhile,
TUNEL results revealed that the numbers of all nuclear in all
groups were 96.34+2.15/ HP, 95.78+1.78/ HP, 98.23+2.03/ HP,
and 97.23+1.86/HP (F = 1.49, P = .25). However, the numbers of
TUNEL-positive cells under HG for 12-48 h were 16.34+1.32/
HP, 25.22+1.83/HP, and 37.83+2.31/HP, significantly increasing
than the control group (9.21+1.04, F = 108.4, P < .0001).
Furthermore, the quantitative analysis showed that TUNEL-
positive cells under HG for 12-48 h were 19.23+1.73%,
25.21+1.32%, and 35.04+1.16%, significantly increased than
that in normal glucose (9.67+1.45%, F = 276.8, P < .0001, Figure
1D, 1E). The active caspase-3 represents the apoptotic process.
Thus, we further detected the expression of caspase-3. The
representative Western blot results and semi-quantitative
analysis showed that high glucose upregulated the expression of
cleaved caspase-3 compared with that in the control group
(Figure 1E, 1G). Taken together, our results indicated that HG
increased apoptosis in CMECs time-dependently.

HG stress increased Pyroptosis in CMECs

To understand the effect of HG stress on pyroptosis, we
performed PI staining. As shown in Figures 2A and 2B, the
numbers of all nuclear in all groups were 26.74+1.98/ HP,
29.23+1.83/ HP, 28.21+1.08/ HP, and 27.34+1.32/ HP (F =
2.31, P = .12). However, the numbers of PI-positive cells
under HG for 12-48 h were 7.53+0.76 / HP, 8.33+1.03/ HP,
and 16.19+1.21/ HP, significantly increased than the control
group (F = 148.7, P < .0001), suggesting that PI-positive cells
were increased after administration to HG. Inflammasome,
including NLRP3, ACS, and caspase-1, contributes to
GSDMD-related pyroptosis with the secretion of LDH and
inflammatory factors, such as IL-18, and IL-1f. Therefore, we
detected NLRP3 and ACS with immunofluorescent staining
and Western blot assays. The results indicated that HG
increased the expressions of NLRP3 and ACS compared with
normal glucose (Figure 2D). Meanwhile, the expressions of
cleaved caspase-1 and GSDMD-N were increased under HG
treatment (Figure 2E, 2H, 21, 2], 2K). Furthermore, ELISA
assays were performed to detect the expressions of LDH,
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Figure 4. Irisin decreased HG-induced apoptosis. (A) The
results of the FACS analysis in CMECs under irisin treatment.
(B) Quantification of the apoptotic CMECs (n = 5, *P < .05).
(C) Representative CCK-8 assay (n = 5, *P < .05). (D)
TUNEL staining imaging of CMECs (scale bars 20 um). (E)
Quantification of apoptotic CMECs in all groups (n =5, *P <
.05). (F) Western blots of cleaved caspase-3 in each group.
(G) Semi-quantification of Cleaved caspase 3 expression.
Data are expressed as the means + SEM; n = 5; *P < .05.
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Figure 5. Irisin reduced HG-induced pyroptosis of CMECs.
(A) Representative PI staining under a microscope (scale
bars 20 pm). (B) Quantification of the pyroptotic CMECs (n
= 5, *P < .05). (D) Representative immunofluorescence
staining with NLRP3 and ACS antibodies (scale bars 20 pm).
(E) Western blot assay of NLRP3, ACS, GSDMD, GSDMD-N,
and Cleaved-caspase-1. Semi-quantification of NLRP3 (H),
ACS (I), GSDMD-N (J), Cleaved caspase 1 (K) expression.
ELISA assay of LDH (C), IL-1B (F), IL-18(G). Data are
expressed as the means + SEM; n = 5; *P < .05.
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IL-18, and IL-1P. The ELISA results demonstrated that HG
promoted the secretion of LDH, IL-18, andIL-1p (Figure 2C,
2F-2G). These data indicated that HG stress-activated
pyroptosis. In addition, as shown in Figure 1 and Figure 2,
HG for 48 h which significantly induced apoptosis and
pyroptosis, was used in further study.

Irisin improved HG-induced apoptosis in CMECs

Different concentrations of irisin were administrated to
CMEC:s to screen the appropriate concentration. The results
of TUNEL, PI stain, and CCK-8 assay showed that 100 ng/
mL and 200 ng/mL irisin significantly reduced apoptosis and
pyroptosis compared with 50 ng/mL irisin, but no significance
among them (Figure 3A-3E). Therefore, 100 ng/mL irisin was
used to perform further study.

To explore the protective effect of irisin, flow cytometry,
TUNEL staining, and Western blot assay were performed to
detect apoptosis in CMECs. The representative flow cytometry
results indicated that irisin reduced the percentage of early-

stage apoptotic CMECs with HG (¢t = 7.61, P = .0015, Figure
4A, 4B). The CCK-8 assay demonstrated that irisin reversed
the low viability of CMECs (t = 5.33, P = .005, Figure 4C).
Meanwhile, TUNEL stain results and the quantitative analysis
showed that apoptosis of CMECs was repressed after irisin
treatment (f = 3.13, P = .013, Figure 4D-4E). Meanwhile, our
Western blot results and semi-quantitative analysis showed
that irisin down-regulated the upregulated expression of
cleaved caspase-3 compared with that in the HG group (t =
4.27, P = .008, Figure 4F, 4G). These results suggested that
irisin improved HG-induced increased apoptosis in CMECs.

Irisin ameliorates HG-induced pyroptosis in CMECs

To understand the effect of irisin on pyroptosis, we
performed PI staining. In Figures 5A and 5B, PI-positive cells
were decreased after administration of irisin (¢ = 5.81, P =.004).
Furthermore, we detected NLRP3 and ACS with
immunofluorescent staining and Western blot. These results and
semi-quantitative analyses showed that irisin suppressed the
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Figure 6. NLRP3-OV reversed the protective effect on
HG-induced apoptosis. (A) The results of the FACS analysis
in CMECs under various treatments. (B) Quantification of
apoptotic CMECs in all groups (n = 5, *P < .05). (C) TUNEL
staining imaging of CMECs (scale bars 20 pm). (D)
Quantification of apoptotic CMECs in all groups (n =5, *P <
.05). (E) Western blots of cleaved caspase-3. (F) Semi-
quantification of Cleaved caspase 3 expression. Data are
expressed as the means + SEM; n = 5; *P < .05.
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Figure 7. NLRP3-OV reversed the protective effect on
HG-induced pyroptosis. (A) PI staining under a microscope
(scale bars 20 pm). (B) Quantification of the pyroptotic CMECs
(n=5, *P < .05). (C) Immunofluorescence staining with NLRP3
and ACS antibodies (scale bars 20 ym). (D) Western blot assay
of NLRP3, ACS, GSDMD, GSDMD-N, and Cleaved-caspase-1
in each group. Semi-quantification of NLRP3 (E), ACS (F),
GSDMD-N (G), Cleaved caspase 1 (H) expression. Data are
expressed as the means + SEM; n = 5; *P < .05.
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expression of NLRP3 and ACS compared with high glucose
(Figure 5D). Meanwhile, the expressions of cleaved caspase-1
and GSDMD-N were decreased under irisin treatment (Figure
5E, 5H-5K). Furthermore, to investigate the effect of irisin on,
LDH, IL-18, andIL-1f, an ELISA assay was performed. These
results demonstrated that the increased secretion of LDH, IL-18,
andIL-1p was repressed after administration of irisin (Figure 5C,
5F-5G). Taken together, these data indicated that irisin
ameliorated HG-induced pyroptosis of CMECs.

Irisin ameliorates HG-induced apoptosis and pyroptosis
by repressing NLRP3 inflammasome

To further understand the underlying mechanism, we
over-expressed the NLRP3 protein (Supplemental Figure 1).
The flow cytometry result indicated that the percentage of
early-stage apoptotic CMECs was elevated after over-
expression treatment (t = 4.98, P = .006, Figure 6A, 6B).
TUNEL staining assay results indicated that TUNEL positive
CMECs under over-expression treatment was 34.17+0.61%,

significantly increased under that of Irisin treatment
(16.23+0.67%, t = 44.27, P <.0001, Figure 6C, 6D). Meanwhile,
Western blot results showed the upregulated expression of
cleaved caspase-3 in the NLRP3-OV group (Figure 6E-6F).
These results suggested that NLRP3-OV increased apoptosis
in CMECs.

Meanwhile, we performed PI staining to detect
pyroptosis. As shown in Figures 7A and 7B, PI-positive cells
were increased after administration to over-expression (t =
5.81, P = .004). Furthermore, immunofluorescent staining
and Western blot showed a high expression level of NLRP3
and ACS compared with irisin treatment (¢ = 3.12, P = .012,
Figure 7C-7F). Meanwhile, the expressions of cleaved
caspase-1 and GSDMD-N were upregulated (t = 22.57, P <
.0001, Figure 7D, 7G-7H). These data indicated that NLRP3-
OV promoted pyroptosis of CMECs with irisin treatment.
Taken together, these data showed that irisin played a
protective role in apoptosis and pyroptosis, at least partly, by
inhibiting NLRP3 inflammasome.
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DISCUSSION

Pyroptosis is a novel programmed cell death that is
triggered by NLRP3 inflammasome activation which results
in inflammatory factors secretion. Irisin is a myokine that
plays a protective effect on improving cell death. However,
the effect of irisin on CMECs death, including pyroptosis and
apoptosis induced by high glucose is poorly understood. In
the present study, our data suggested that HG stress increased
CMECs death including apoptosis and pyroptosis. Meanwhile,
HG activated NLRP3 inflammasome and inflammatory
factors secretion. Reversely, irisin decreased apoptosis and
pyroptosis, inactivated NLRP3 inflammasome, and reduced
inflammatory factors secretion. Importantly, over-expression
of NLRP3 suppressed the protective effect of irisin on
CMEQC:s injuries. Taken together, our data suggested that
irisin ameliorates apoptosis and pyroptosis, by repressing the
activation of NLRP3 inflammasome (Figure 8).

It has been reported that diabetic microvascular injury
plays an important role in cardiac dysfunction.?* Endothelial
cells, considered as an important modulator in vascular
homeostasis, play a critical role in inhibiting vascular
inflammation and oxidative stress and are regulated by
various paracrine factors. Endothelial dysfunction is a
classical feature and predictor of cardiovascular diseases.?
Myocardial microvascular dysfunction is an early feature of
DM and is now recognized as a potential contributor to CVD
risk in this population. Some anti-diabetic medication
increases cardiovascular risk, so safer drug targets are
urgently needed to improve cardiovascular disease in
diabetes.”® Therefore, improving cardiac microvascular
dysfunction is essential for maintaining circulatory
homeostasis and cardiac physiological function. In the
present study, we found that HG reduced the CMECS
viability. Moreover, elevating CMECs survivals is important
for diabetic microvascular injury.

Pyroptosis, a type of lytic programmed cell-death form
associated with inflammatory mediators, which is mediated by
GSDMD, is an important natural immune response.’
Pyroptosis is induced by activation of NLRP3 inflammasome
and triggered by caspase-1, which controls GSDMD and
activates inflammatory factors IL-1p and IL-18.** Studies have
shown that pyroptosis plays an important role in many
diseases such as diabetes, obesity, atherosclerosis, and so on.**
# Thus, in our study, we explore whether caspase-1/GSDMD
dependent pyroptosis plays a significant role in microvascular
injury induced by HG. We identified that caspase-1, GSDMD,
ACS, and IL-1f, IL-18 levels were up-regulated in CMECs
during HG stress, suggesting that caspase-1 mediated
pyroptosis indeed plays a pivotal role in diabetic cardiac
microvascular injury. Thus, targeting pyroptosis may be a
potential strategy for limiting CMECs dysfunction.

Recently, irisin has been considered as a myokine that is
cleaved by the extracellular domain of FNDC5", involved in
regulating cardiovascular function."*"> Accumulating studies
showed that irisin has implied in reduced apoptosis,” and
pyroptosis.*® Interestingly, irisin also has a protective effect

Figure 8. A proposed mechanism that irisin ameliorates
apoptosis and pyroptosis, by repressing activation of NLRP3
inflammasome.
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on injured vascular endothelial cells induced by HG."
However, the effect of irisin on cardiovascular endothelial
cellular dysfunction such as pyroptosis and apoptosis induced
HG is not fully clarified. In the present study, we found that
irisin reduced TUNEL-positive cells and the high expression
levels of caspase-3, suggesting that irisin suppressed apoptosis
induced by HG stimuli. In addition, we found that irisin
reduced PI-positive cells and the expressions of caspase-1,
GSDMD, ACS, and IL-1f, IL-18, indicating that irisin also
repressed HG-induced pyroptosis.

To elucidate the underlying mechanisms, we investigated
the effects of irisin on the NLRP3 inflammasome. Inflammasome,
including NLRP3, ACS, and caspase-1,"" contributes to
pyroptosis.*? Our results showed that irisin can attenuate the
high glucose injury of CMEC, and reduce the expressions of
NLRP3 and ACS, suggesting that irisin can inhibit the activation
of NLRP3 inflammasome under high glucose conditions.
Therefore, we hypothesized that irisin might play a protective
role in CMEC by inhibiting NLRP3 inflammasome activation.
To investigate this hypothesis, we activated the inflammasome
through NLRP3 over-expression. Interestingly, the protective
effects of irisin were abolished by NLRP3 over-expression.
Previous studies have indicated that irisin acts potentially
beneficial cardiac effects by suppressing inflammation.'¢*

Although our study bears some significance, there are some
limitations. Firstly, in vitro, HG treatment was an artificial model
that failed to fully mimic the pathological changes in diabetes
patients. we will explore the detailed mechanisms of endothelial
damage in diabetes other than direct damage from high glucose
in our following studies. Secondly, the detailed molecular
mechanism between irisin and NLRP3 was not clarified
completely. PKM2, a key enzyme of glycolysis, can promote the
expression of NLRP3. Whether Irisin can regulate NLRP3
through PKM2 needs further investigation.
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CONCLUSION

In summary, repairing cardiac microvascular dysfunction
is essential for maintaining circulatory homeostasis and cardiac
physiological function, and can reduce cardiovascular disease
risk in the population with diabetes. Here, we investigated the
potential role of pyroptosis on the CMECs injury induced by
HG and further determined the protective effect of irisin on
pyroptosis. Our results indicate that irisin protects against
apoptosis and pyroptosis induced by high glucose, probably by
suppressing the activation of NLRP3 inflammasome. This
indicates that irisin may be a promising target for improving
regulated CMECs death resulting from diabetes mellitus.
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Supplementary materials

Supplemental Figure 1. The protein expression of NLRP3
after overexpression treatment. (A) Western blot assay of
NLRP3 in each group. (B) The mRNA level of NLRP3. (C)
Semi-quantification of NLRP3 expression. Data are expressed
as the means + SEM; n = 5; *P < .05.
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