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Abstract
Background: Cardiovascular disease due to atherosclerosis AS is one of the leading causes of death
worldwide. Sodium-dependent glucose transporters 2 inhibitor (SGLT2i ) , empagli�ozin(EMPA), is a new
type of hypoglycemic drug .Recent studies have shown that EMPA not only reduces increased glucose,
but also has cardiovascular protective effects and that it slows the process of AS.However, the underlying
mechanism has yet to be de�ned.

Methods: Male apoE -/- mice were fed a western high-fat diet to establish an AS model. The area and size
of atherosclerotic lesions in apoE -/- mice were then assessed by hematoxylin–eosin (HE) staining after
EMPA treatment. After EMPA treatment of the mouse macrophage (RAW 264.7), human aortic smooth
muscle cells (HASMCs) and human umbilical vein endothelial cells (HUVECs),western blotting was
applied to measure the levels of autophagy-related proteins and proin�ammatory cytokines,GFP-LC3
puncta were detected by confocal microscopy to con�rme autophagosome formation. Oil red staining
was performed to detect the foaming of macrophages and HASMCs, �ow cytometry was used for cell
cycle analysis. EdU, CCK-8 and scratch assays were also performed to examine the cell proliferation and
migration of HASMCs.

Results: EMPA suppressed the progression of atherosclerotic lesions in apoE -/- mice. EMPA also induced
autophagy in RAW 246.7 cells, HASMCs and HUVECs, and it signi�cantly increased the expression of
Beclin1 and the LC3B-II/I ratio. In addition, EMPA decreased the expression of P62 and downregulated the
protein levels of in�ammatory cytokines, and it inhibited the foaming of RAW 246.7 cells and HASMCs as
well as the expression of in�ammatory factors via autophagy induction. Furthermore, the results of �ow
cytometry, EdU assays, CCK-8 cell viability assays and scratch assays indicated that EMPA blocked
HASMC proliferation and migration.

Conclusion: EMPA plays an important role in decelerating the progression of AS by inducing autophagy,
providing a novel method for anti-AS treatment in the clinic.

Introduction
Atherosclerosis (AS) is the main pathological basis of cardiovascular diseases [1, 2]. AS often occurs in
medium and large arteries composed of endothelial cells, vascular smooth muscle cells, macrophages
and other vascular cells [3]. AS develops from intimal thickening to fatty streaks and foam cells,
Eventually, cholesterol rich �brous plaques are formed, which narrow or obstruct the arterial lumen and
block blood �ow.

Sodium-dependent glucose transporters 2 inhibitor (SGLT2i ) is new glucose-lowering agents for
treatment of type 2 diabetes mellitus (T2DM) and mainly expressed in the S1 and S2 segments of the
renal proximal tubule [4]. SGLT2 is responsible for approximately 90% of renal glucose reabsorption in the
kidney,and SGLT2i plays a hypoglycemic role by inhibiting glucose reabsorption in renal proximal
convoluted tubules [5, 6]. At present, empagli�ozin (EMPA) is one of the three SGLT-2i approved in the
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United States. Recent studies have shown that SGLT2i protects against atherosclerotic cardiovascular
disease (ASCVD),and reduces heart failure(HF) hospitalization and cardiovascular mortality [7–10].
Furthermore,recent studies have shown that EMPA induces SIRT1/AMPK and Akt/mTOR signal
transduction pathways to in�uence autophagy and that it may in�uence the process of diabetic
cardiomyopathy, myocardial infarction, fatty liver and other diseases through autophagy [11–13].

Because studies have reported that autophagy is one of the important mechanisms regulating AS [14], it
is thoroughly explored in the present study. Recent evidence shows that autophagy plays an important
role in regulating the formation of AS and the stability of atherosclerotic plaques. Three categories of
cells, namely, macrophages, smooth muscle cells and vascular endothelial cells, are relevant for the
occurrence and development of AS. First,autophagy promotes cholesterol e�ux from macrophage foam
cells in atherosclerotic lesions, inhibits the formation of macrophage foam cells and can promote the
stability of atherosclerotic plaques by protecting cells and reducing the secretion of in�ammatory factors
[15, 16]. Second, impaired autophagy of endothelial cell responses may cause endothelial dysfunction
and dramatically enhance the expression of proin�ammatory cytokines (TNF-α and IL-6), resulting in
atherosclerotic thrombosis [17, 18]. For SMCs, enhanced autophagy inhibits free cholesterol from
entering SMCs, which blocks the formation of SMC-derived foam cells, thereby inhibiting cell death and
slowing the progression of AS [19]. Therefore, moderate autophagy of these three cell types may help to
preserve normal cellular functions to maintain the stability of plaques and exert an antiatherosclerotic
effect.

Both SGLT2i and autophagy can have a protective effect on AS, and studies have shown that SGLT2i
also interact with autophagy. However, it remains unknown whether SGLT2i delays the process of AS
through autophagy. Through WB, GFP‐LC3 puncta assay, Oil Red O staining, H&E staining and other
assays, the present study demonstrated that SGLT2i slows AS progression by promoting autophagy,
thereby providing a new strategy for the clinical treatment of AS.

Materials And Methods

Chemicals, Reagents, and Antibodies
EMPA and 3-methyladenine (3-MA) (purity > 98%) were purchased from MedChemExpress (MCE,
Shanghai, China). The anti-GAPDH antibody (10494-1-AP), anti- SQSTM1/P62 antibody (18420-1-AP),
anti-LC3B antibody (18725-1-AP), anti-Beclin1 antibody (11306-1-AP), anti-IL-6 antibody (66146-1-lg) and
anti-TNF-α antibody (60291-1-lg) were purchased from Proteintech Group, Inc. Human oxidized low
density lipoprotein (oxLDL) and Oil Red O staining solutions were purchased from Yiyuan
Biotechnologies (Guangzhou, China). The CCK-8 kit, cell cycle apoptosis kit and antibody diluent were
obtained from Beyotime Biotechnology (Shanghai, China). The KeyFlour 488 Click-iT EdU imaging
detection kit was obtained from KEYGEN Biotech (Nanjing, China). The HRP-conjugated secondary
antibodies, goat-anti-mouse secondary antibody and goat-anti-rabbit secondary antibody were purchased
from Beyotime Biotechnology (Shanghai, China).
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Animals
Male C57BL/6J and ApoE-/- mice (8 weeks old) were purchased from Beijing Huafukang Biotechnology
Co., Ltd. (Beijing, China), and ApoE-/- mice were used to establish animal models of AS. All in vivo
experiments followed the ARRIVE guidelines [20]. ApoE -/- mice were fed a high-fat diet (containing 21%
fat and 0.15% cholesterol) for 8 weeks to induce AS. After 8 weeks of modeling, different doses of EMPA
(1.5 and 3.5 mg/kg/d) were injected intraperitoneally for 8 weeks. After 8 weeks, samples were collected
for the follow-up test, and mice were randomly divided into the following four groups (n = 6 mice per
group): blank control group (C57BL/6J), model control group (DMSO), low-dose group (1.5 mg/kg/d;
EMPA) and high-dose group (3.5 mg/kg/d; EMPA). To avoid the potential confounding effects of dietary
differences between different batches, we retained and used a single batch of diets.

H&E Staining
The three parts of the aortic arch, thorax and abdomen of C57BL/6J- mice and ApoE -/- mice were
collected, �xed for 24 hours, embedded in para�n and sectioned. The para�n sections were dewaxed in
water, and nuclei were stained with hematoxylin. The sections were then stained with eosin staining
solution for 1–3 minutes, dehydrated, mounted with neutral gum and observed under a microscope.

Cell Culture
The mouse macrophage (RAW 264.7) and RAW 264.7 cell complete culture medium were purchased from
Procell Life Science & Technology Co. Ltd. (Shanghai, China). Human vein endothelial cells (HUVECs)
were obtained from Icell Bioscience Inc. (Shanghai, China) and cultured in an endothelial cell culture
system containing 93% endothelial cell culture medium, 5% fetal bovine serum (FBS), 1% P/S and 1%
endothelial cell culture additive. Human aortic smooth muscle cells (HASMCs)(CL-0517) were obtained
from Procell Life Science & Technology Co. Ltd. (Shanghai, China) and cultured in DMEM supplemented
with 10% FBS (HyClone) and 1% P/S. All cells were cultured in a humid air incubator containing 5% CO2
at 37°C, and after culturing to 80–90% con�uence, they were passaged, frozen or used for experiments.

Cell Transfection
A GFP-LC3 plasmid (2.5 µg/ml, Genomeditech (Shanghai) Co., Ltd., Shanghai, China) was transfected
into RAW 264.7 cells, HASMCs and HUVECs with Lipofetamine®8000 (Invitrogen; Thermo Fisher Science,
Inc.) for 24–48 h and then incubated with oxLDL (80 µg/mL) and EMPA (50 µM) at 37°C for 24 h. Finally,
autophagosomes were observed under a laser confocal microscope.

Western Blot Analysis
After cell treatment, cells were lysed, and total protein was extracted. The protein concentration was
measured by the BCA method. Protein samples were separated by SDS–PAGE, transferred to PVDF
membranes and blocked with 5% skim milk for 2 h. Then incubated with primary antibodies overnight at
4°C. Subsequently, the membranes were incubated with horseradish peroxidase (HRP)-conjugated
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secondary antibody for 2 h at room temperature and detected with an enhanced chemiluminescence
system. Relative target protein expression levels were calculated using Image Lab software (Bio–Rad
Laboratories, Inc.).

Oil Red O Staining
Cells were seeded into a 6-well plate, treated with oxLDL (80 µg/ml) for 24 h, pretreated with different
doses of EMPA (30 and 50 µM) in DMEM containing 10% fetal calf serum for 24 h and washed three
times with PBS. Subsequently, cells were �xed with paraformaldehyde at 37°C for 30 minutes, stained
with Oil Red 0 staining solution at 37°C for 20 minutes and rinsed with 60% isopropanol for 10 seconds.
After quickly washing twice with PBS, the accumulation of lipids in macrophages was observed under an
inverted microscope (Nikon Ti-S, Japan).

Cell Viability Assay
Cell viability assays were performed using the Cell Counting Kit-8 (CCK8). HASMCs were cultured in 96-
well plates (1×104 cells/well) for 24 h. Cells were then treated with different concentrations of EMPA
(10,30,50 and 100 µM) for 24 h. After treatment, 10 µl of CCK8 solution was added to each well at 37°C
for 1 hour, and the absorbance values at 450 nm were then measured with spectroscopy (µQuant
spectrophotometer, Bio-Tek Instruments, Winooski, VT).

Cell Cycle Analysis
HASMCs were cultured with different concentrations of EMPA for 24 h, and cells were then collected and
washed with PBS precooled at 4 ℃. The supernatant was removed by centrifugation at 1000 g and
incubated overnight in 70% ethanol at 4 ℃. The supernatant was discarded and then resuspended in
PBS precooled at 4 ℃ on the second day. After centrifugation, the supernatant was discarded and treated
with propidium iodide (50 µg/ml) and ribonuclease A (100 µg/ml) for 30 min. DNA �uorescence was
detected by a Beckman Coulter CyAn ADP cell analyzer (Brea, CA). Flow cytometry data were evaluated
with ModFit software (ModFit wintrial).

EdU Staining
HASMCs were counted and seeding into 24-well plates (2×104 cells/well). When the cell density reached
70%-80%, different concentrations of EMPA (50 and 100 µM) were added followed by incubation for 24
hours. EdU reagent was then added into the medium for a �nal concentration of 100 µM, and cells were
incubated for an additional 24 h. Cells were then �xed, processed according to the instructions of the
Fluor 488 EdU cell proliferation detection kit and stained with DAPI. Finally, cells were observed under a
�uorescence microscope.

Scratch Assay
HASMC migration was evaluated by a scratch assay[21]. HASMCs were plated into 6-well plates. A 20 µl
Axygen pipet tip was used to make a scratch in the cell monolayer after cells had grown to 90%
con�uence, and �oating cells in each well were washed away twice using PBS. After adding culture
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medium, cells were treated with different concentrations of EMPA (0, 50 and 100 µM) for 24 hours in a 5%
CO2 incubator at 37 ℃. Images of scratches were acquired at the beginning of the experiment and 24
hours later.

Statistical Analysis
All data represent at least three independent experiments and are expressed as mean ± standard
deviation. The paired-sample t test was used to compare the differences between the two groups, All
statistical analyses were performed using Prism 8 (GraphPad Software, San Diego, USA). *P < 0.05 is
considered a statistically signi�cant difference.

Results

EMPA stabilizes the established AS in ApoE -/- mice
To evaluate the therapeutic role of EMPA in AS in mice, we employed ApoE −/− mice to generate an in
vivo model of AS. The aortic arch, thorax and abdomen of the four groups were processed for H&E
staining. According to the staining results shown in Fig. 1, the atherosclerotic plaque lesion size of ApoE
-/- mice in the EMPA group was signi�cantly smaller than that in the control group. The higher dose of
EMPA had a more profound affect than the lower dose. These �ndings indicated that EMPA stabilizes
established atherosclerotic plaques in apoE -/- mice.

EMPA inhibits oxLDL-induced formation of foam cells and
decreases the synthesis of proin�ammatory cytokines by
promoting autophagy in the RAW 246.7 cells
The formation of macrophage-derived foam cells is a critical step in the development of AS [22]. To
identify the effects of EMPA on lipid accumulation, RAW264.7 cells were treated with oxLDL (80 µg/mL)
for 24 h. In RAW 264.7 cells, the presence of Oil Red O staining increased in the oxLDL group, but the
amount of lipid accumulation in the EMPA group was signi�cantly reduced compared to the oxLDL group
(Fig. 2A), suggesting that EMPA inhibits the formation of oxLDL-induced macrophage-derived foam cells.
To further clarify the mechanism by which EMPA affects the progression of AS, we analyzed the effect of
EMPA on autophagosomes using a GFP-LC3 puncta assay. oxLDL treatment (80 µg/ml) for 24 h followed
by incubation with EMPA (50 µM) increased the GFP-LC3 green �uorescent puncta in the cytoplasm of
RAW 264.7 cells (Fig. 2B, C). Western blotting was also used to detect the levels of autophagy-related
proteins in RAW 264.7 cells. After treatment of RAW 264.7 cells with EMPA for 24 hours, the expression
levels of Beclin1 was increased, LC3B-II/I ratio was also augmented, and the expression of P62 decreased
(Fig. 2D-G). These results suggested that EMPA may induce autophagy in RAW 246.7 cells. We next
investigated the effect of 3MA as shown in Fig. 2F-I. Compared to the EMPA group, Oil Red O staining
was signi�cantly increased in the 3MA group, and western blot analysis demonstrated that the



Page 7/18

expression level of in�ammatory factors in the 3MA group was also signi�cantly increased. These results
demonstrated that EMPA inhibits the formation of macrophage foam cells and the expression of
in�ammatory factors via autophagy induction in RAW 264.7 cells, thus playing an antiatherosclerotic
role.

EMPA Hinders the OxLDL-induced In�ammatory Response
in HUVECs by Inducing Autophagy in HUVECs
Endothelial dysfunction is the key cause of AS. Endothelial dysfunction can cause lipid accumulation,
in�ammation and AS. Therefore, the reduction in proin�ammatory cytokine synthesis re�ects the effect
of EMPA on AS [23]. As depicted in Fig. 3A and C, the expression of proin�ammatory cytokines (TNF-α
and IL-6) in the EMPA group was signi�cantly reduced compared to that in the oxLDL group.

To further explore the mechanism by which EMPA affects in�ammatory factors, we used western blot
analysis and green �uorescent puncta experiments. There were more green �uorescent puncta in the
EMPA group compared to the oxLDL group. Compared to the oxLDL group, western blot analysis showed
that the protein expression of LC3B was signi�cantly increased in the EMPA group, while the protein
expression of P62 was decreased in the EMPA group (Fig. 3A, B, D, E). These �ndings showed that EMPA
promotes autophagy in HUVECs. To explore whether EMPA affects the expression of proin�ammatory
cytokines in HUVECs through autophagy induction, we treated HUVECs with 3MA. Western blot analysis
demonstrated that the expression of proin�ammatory cytokines was increased after treatment with 3MA
(Fig. 3A, C), suggesting that EMPA inhibits the oxLDL-induced in�ammatory response in HUVECs by
inducing autophagy.

EMPA inhibits the formation of HASMC-derived foam cells
induced by OxLDL by promoting autophagy and inhibiting
the proliferation and migration of HASMCs
Smooth muscle cells are an important source of foam cells. To explore the effect of EMPA on lipid
accumulation in HASMCs, Oil Red O staining experiments were performed. Compared to the blank control
group, Oil Red O staining was signi�cantly increased in the oxLDL group, and treatment of HASMCs with
EMPA signi�cantly reduced the lipid accumulation compared to the oxLDL group (Fig. 4A). These results
suggested that EMPA reduces the oxLDL-induced lipid accumulation, indicating that EMPA may have an
inhibitory effect on the lipid accumulation of HASMCs.

To further clarify whether EMPA affects the autophagy of HASMCs and whether it inhibits the foaming of
HASMCs by inducing autophagy, we transfected GFP-LC3 into cells and observed the number of
autophagosomes. The protein expression of autophagy-related proteins was also determined by western
blot analysis. Similar results were obtained, indicating that EMPA promoted autophagy in HASMCs (Fig.
4B-E). Moreover, the autophagy inhibitor, 3MA, weakened the effect of EMPA in inhibiting the foaming of
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HASMCs (Fig. 4F). The above results indicated that EMPA inhibits oxLDL-induced HASMC foam cell
formation by promoting autophagy.

Because the proliferation and migration of HASMCs accelerate the process of AS [24], we tested the
effect of EMPA on the proliferation and migration of HASMCs. The CCK-8 cell viability assay indicated
that treatment of HASMCs with EMPA for 24 h resulted in inhibition of cell proliferation (Fig. 5A).
Similarly, the EdU experiment demonstrated that the proportion of proliferating cells was signi�cantly
reduced after HASMCs were treated with EMPA (Fig. 5B,C). Subsequently, the effect of EMPA on cell cycle
progression was investigated. The addition of EMPA (50 and 100 µM) blocked HASMCs in the G0/G1
phase of the cell cycle as indicated by an increase in the proportion of cells in the G0/G1 phase and a
decrease in the proportion of cells in the S phase, indicating that EMPA inhibits HASMC DNA synthesis
(Fig. 5D, E). Using scratch assays, we further tested the effect of EMPA on the migration of HASMCs. The
results showed that the healing rate of cell scratches was slower than that of the control group after
EMPA treatment (Fig. 5F, G). The above results indicated that EMPA inhibits the foaming of HASMCs via
autophagy induction as well as the proliferation and migration of HASMCs.

Discussion
AS is a chronic in�ammatory disease of large and middle arteries. Proin�ammatory cytokines (TNF-α and
IL-6) affect the occurrence, progression and complications of AS [25], and AS is also a progressive
disease. Vascular endothelial cell dysfunction, macrophage-derived foam cell formation, smooth muscle
cell-derived foam cell formation, smooth muscle cell migration and smooth muscle cell proliferation
result in loss of vascular homeostasis. OxLDL plays a prominent role in the formation of atherosclerotic
lesions. Macrophages and smooth muscle cells recognize and internalize the excess lipids of oxLDL
through scavenger receptors to form foam cells, and the accumulation of foam cells to form lipid streaks
and even atherosclerotic plaques is the key pathological link in the early stage of AS [26].

Cardiovascular disease caused by atherosclerosis is the leading cause of death worldwide, but its
speci�c molecular mechanism has not yet been fully elucidated. Recently, several studies have shown
that autophagy plays an important role in regulating the formation of AS and the stability of
atherosclerotic plaques,, potentially providing new opportunities for the treatment of AS [27–29]

EMPA is a new type of SGLT2 inhibitor for the treatment of type 2 diabetes. A recent study has shown
that EMPA not only has a hypoglycemic effect but also exhibits cardiovascular protection, but the speci�c
mechanism is not yet clear, and needs further experimental validation [30] .

The present study demonstrated that EMPA had antiatherosclerotic effects in atherosclerosis model
mice. In addition, EMPA induced autophagy in RAW 264.7 cells, HUVECs and HASMCs. EMPA inhibited
oxLDL-induced foaming of RAW 264.7 cells and HASMCs by inducing autophagy. In addition, EMPA
hindered the in�ammatory response of RAW 264.7 cells and HUVECs by inducing autophagy. Further,
EMPA inhibited the proliferation and migration of HASMCs (Fig. 6).
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As a new type of hypoglycemic agent, EMPA inhibits the SGLT-2 receptor in renal tubular epithelial cells
and inhibits the reabsorption of glucose to exert a hypoglycemic effect. The present study found SGLT-2
receptors in RAW 264.7 cells, HUVECs and HASMCs, suggesting that EMPA might induce autophagy by
inhibiting the glucose uptake of these three cell types. Therefore, the SGLT-2 receptor may be a potential
new target for the treatment of AS, and EMPA is also expected to be an effective drug for the treatment of
atherosclerosis.

Overall, EMPA delays the occurrence and development of atherosclerosis by promoting autophagy. This
study reveals the potential medicinal value of EMPA in the treatment of AS, which is of great signi�cance
for the clinical treatment of atherosclerosis.

Conclusion
In summary,our results not only indicated that EMPA can play an anti-atherosclerotic effect by promoting
autophagy to delay the occurrence and development of AS, but also provides a rationale for use of EMPA
in clinical treatment of AS.

Abbreviations
AS: Atherosclerosis; SGLT2i: Sodium-dependent glucose transporters 2 inhibitor; EMPA: empagli�ozin;
HE:hematoxylin–eosin;T2DM:type 2 diabetes mellitus; HRP: horseradish peroxidase; RAW 264.7: The
mouse macrophage; HASMCs:human aortic smooth muscle cells; HUVECs:human umbilical vein
endothelial cells; oxLDL: Human oxidized low density lipoprotein.
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Figure 1

H&E staining for aorta structure (n=6), control: the aort of male C57BL/6J; Model: the aort of apoE-/-
mice, EMPA-L: the aort of apoE-/- mice treated with low dose of EMPA (1.5 mg/kg/d), EMPA-H: the aort of
apoE-/- mice treated with high dose of EMPA (3.5 mg/kg/d), Scale bar =20 μm.



Page 14/18

Figure 2

EMPA hindered macrophage-derived foam cell formation through autophagy induction (a)(i) Oil red
staining to detect changes in cytoplasmic lipids. Scale bars=20 μm. (b) The green puncta images of RAW
264.7 cells were captured using a confocal microscope (Leica). Scale bar=5 µm.(c) Quantitative analysis
of GFP-tagged LC3 puncta per cell (d,e) Protein expression of LC3B and Beclin1 in RAW 264.7 cells.(f-h)
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Protein expression of LC3B,P62,TNF-α and IL-6 in RAW 264.7 cells. *P 0.05,** P 0.01,***P 0.001,****P
0.0001. Results were presented as mean ± S.D. (error bars) of three independent experiments.

Figure 3

EMPA inhibited in�ammatory response in HUVECs through autophagy induction(a-c) Protein expression
of LC3B, P62,TNF-α and IL-6 in HUVECs.(d)The green puncta images in HUVECs were captured using a
confocal microscope (Leica).(e) Quantitative analysis of GFP-tagged LC3 puncta per cell. Scale bar=5
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µm. *P 0.05,** P 0.01, ***P 0.001,****P 0.0001. Results were presented as mean±S.D. (error bars) of
three independent experiments.

Figure 4

EMPA inhibited HASMC-derived foam cell formation through autophagy induction(a)(f) Oil red
staining.Scale bars = 20 μm. (b) The green puncta images in HUVECs were captured using a confocal
microscope (Leica). Scale bar=5 µm. (c) Quantitative analysis of GFP-tagged LC3 puncta per cell. (d,e)
Protein expression of LC3B, P62.*P 0.05,** P 0.01, ***P 0.001,****P 0.0001. Results were presented as
mean±S.D. (error bars) of three independent experiments.
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Figure 5

EMPA prevented the proliferation and migration of HASMCs. (a) CCK8 assay for cell viability. (b,c)
Detection of cell proliferation by k�uor488 EDU Staining, Scale bars=1 mm. (d,e) Cell cycle analysis.(f,g)
Scratch assay, Scale bars=100 μm. *P 0.05,** P 0.01, ***P 0.001,****P 0.0001. Results were presented
as mean±S.D. (error bars) of three independent experiments.
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Figure 6

Schematic depiction was about EMPA inhibited atherosclerosis by promoting autophagy. EMPA hindered
the formation of macrophage foam cells and the expression of in�ammatory factors via autophagy
induction in RAW 264.7 cells, thus playing an antiatherosclerotic role.Meanwhile,EMPA prevented the
oxLDL-induced in�ammatory response in HUVECs by inducing autophagy. Furthermore, EMPA hindered
the foaming of HASMCs via autophagy induction as well as the proliferation and migration of HASMCs.


