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Metformin inhibits EV71-induced pyroptosis by upregulating
DEP domain-containing mTOR-interacting protein
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Abstract. Enterovirus 71 (EV71) infection is one of the main
causes of severe hand, foot and mouth disease (HFMD),
which is usually accompanied by a marked inflammatory
response. The excessive inflammatory response has been
implicated to serve an important role in EV71-caused HFMD.
Pyroptosis is a type of inflammatory programmed cell death.
Therefore, a novel treatment strategy against EV71 infection
could aim to alleviate the inflammatory response through
inhibition of EV71-induced pyroptosis. The present study
revealed that metformin had this therapeutic potential. A
cell model of EV71 infection was established, cell viability
was measured by CCKS8 assay, cell damage was measured by
LDH release kit, and the dead and dying cells were excluded
by propidium iodide staining. The intracellular levels of DEP
domain-containing mTOR interacting protein (DEPTOR)
and pyroptosis-associated molecules were measured by
western blot analysis, the NLRP3 expression was assessed by
immunofluorescence labeling, and virus titers in cell culture
supernatants were determined by a cell culture infectious dose
50 assay. The results demonstrated that EV71 infection could
induce pyroptosis in a time- and dose-dependent manner,
and metformin could inhibit EV71-induced pyroptosis. The
mechanism of metformin inhibiting EV71-induced pyrop-
tosis was explored next. Subsequent experiments indicated
that metformin could increase the levels of DEPTOR, which
were decreased by EV71. Finally, overexpression of DEPTOR
in cells could reduce EV71-induced pyroptosis. Overall, the
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present study demonstrated that metformin could exert a novel
pharmacodynamic anti-pyroptosis effect in the treatment of
EV71 infection by upregulating DEPTOR expression.

Introduction

Enterovirus 71 (EV71) belongs to the small ribonucleovirus
family of the enterovirus genus, and is a non-envelope
single-stranded RNA virus (1). Patients who are <6 years old
with EV71 infection may suffer from brain stem encephalitis,
neurogenic pulmonary edema, cardiac arrest and other fatal
clinical symptoms, including death (2,3).

Previous studies have demonstrated that viral infections,
such as severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) 4), influenza virus (5), hepatitis B virus (6) and
West Nile virus (7), can induce pyroptosis, and our previous
study has alsoindicated that EV71 infection could induce pyrop-
tosis (8). Pyroptosis is a type of inflammatory programmed
cell death. NLR family, pyrin domain-containing 3 (NLRP3)
activation triggers NLRP3-inflammasome assembly, which
results in pyroptosis initiation when viral infections occur.
Caspase-1 is a downstream molecule of the inflammasome
and activated caspase-1 initiates pyroptosis by cleaving
gasdermin D (GSDMD). Activated caspase-1 also cleaves
Pro-IL-1p into mature IL-1f3. When pyroptosis occurs, the
cleaved GSDMD forms a pore channel on the cell surface,
which causes membrane rupture, cell death and release of the
inflammatory cytokines IL-1 and IL-18. Therefore, IL-1§,
which can induce the inflammatory reaction, is a sensitive
marker of the activation of GSDMD (9-14).

It has been demonstrated that excessive inflammatory acti-
vation is one of the main causes of severe hand, foot and mouth
disease (HFMD) (2,3). We hypothesized that the suppression
of virus-induced cytotoxicity and pyroptosis with drugs can
be a novel therapeutic strategy for EV71 infection. At present,
certain researchers have tried to explore potential inhibitors to
reduce the formation of GSDMD pore channels; for example,
combination of dimethyl fumarate and cysteine residues limits
the oligomerization of GSDMD in cells (15). In addition, the
inhibition of diabetes-induced pyroptosis by inhibiting the
thioredoxin interacting protein (TXNIP)/NLRP3 signaling
pathway has been observed (16). In another study, paeoniflorin
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has been used to inhibit the activation of caspase-11, thereby
aiming to inhibit the activation of the inflammatory caspase
cascade to suppress inflammation (17).

Metformin was originally extracted from goat beans to
treat diabetes (18). It has been demonstrated that metformin
reduces liver glucose generation via the AMP-activated protein
kinase (AMPK) signaling pathway (19). A previous study
has revealed that metformin inhibits the production of IL-1p
by macrophages (20), and that it interferes with the AMPK
signaling pathway to suppress inflammation (21). Metformin
has also been revealed to inhibit NLRP3 (22). Another study
has demonstrated that metformin inhibits cardiac muscle
cell pyroptosis by inhibiting the TXNIP-NLRP3-GSDMD
signaling pathway (23).

A recent study has indicated that metformin treatment
can lower the mortality rate of diabetic patients infected with
SARS-CoV-2 (24). At present, to the best of our knowledge,
there is no report on the effect of metformin treatment against
EV71 infection or the effect of metformin on EV71-induced
pyroptosis.

Previous studies suggest that metformin can increase DEP
domain-containing mTOR-interacting protein (DEPTOR)
levels in hepatoma cells, ureteral epithelial cells and rats
with unilateral ureteral obstruction (25,26). DEPTOR is a
component of the mTOR complex (mMTORC)1 and mTORC2
and binds to mTOR to suppress its kinase activity (27). A
study has demonstrated that DEPTOR serves an important
role in immune regulation and that DEPTOR is higher in
T cells before inflammatory activation (28). Zhai et al (29)
revealed that DEPTOR deficiency in T cells is associated
with NLRP3-activated IL-1f release. Another study has
revealed that decreased DEPTOR levels induce the release
of a large number of chemokines in endothelial cells, such
as chemokine (C-X-Cmotif) ligand 9 (CXCL9), CXCLI10,
CXCLI11, CX3CL1, chemokine (C-C motif) ligand 5 (CCL5)
and CCL20 (30). It has been revealed that DEPTOR is
also regulated by the nuclear receptors of steroids, which
can increase the levels of DEPTOR mRNA in cells (31).
An androgen receptor repressor, prochloramide, is used in
clinical treatment to control SARS-CoV-2 infection (32). It
has been demonstrated that DEPTOR is regulated by the
androgen receptor, which serves a negative role in the regu-
lation of DEPTOR mRNA levels (33). Therefore the present
study investigated whether EV71 could induce a change in
the DEPTOR protein levels and what consequences this had
on EV71-induced pyroptosis. In addition, in terms of inhib-
iting EV71-induced pyroptosis, the present study aimed
to find a commercial drug that may be used in the treat-
ment of EV71 infection and investigate its anti-pyroptosis
mechanism.

Materials and methods

Reagents and antibodies. DMEM (cat. no. PYG0073), peni-
cillin and streptomycin (cat. no. PYGO0016), trypsin, BCA
protein detection kit (cat. no. AR0146), ECL western blot
detection kit (cat. no. AR1172), SDS-PAGE loading buffer (5X)
(cat. no. AR1112-10), horseradish peroxidase-conjugated
goat anti-rabbit IgG (H+L) (cat. no. BA1054) and GSDMD
antibody (cat. no. A02842) were purchased from Boster

Biological Technology. Cell Counting Kit (CCK-8) (cat.
no. 40203ES76) was purchased from Yeasen Biotechnology
(Shanghai) Co., Ltd.. Bovine serum albumin (cat. no. abs9157)
was purchased from Absin Bioscience Inc., Fetal bovine
serum (cat. no. 04-001-1A) were purchased from Biological
Industries, metformin (cat. no. IM0140) were obtained from
Beijing Solarbio Science & Technology Co., Ltd. DAPI (cat.
no. C1002), Lipofectamine 8000 (cat. no. C0533-0.5ml),
propidium iodide (PI; cat. no. ST511) and Alexa Fluor 488
goat anti-rabbit IgG antibody (cat. no. A0423) were purchased
from Beyotime Biotechnology Company. The caspase-1
antibody (cat. no. A0964) and caspase 1 p20 (cat. no. A23429)
were purchased from ABclonal Biotech Co., Ltd. The lactate
dehydrogenase (LDH) detection kit (cat. no. WLAQ072a) and
Pro-IL-1f (cat. no. WL02257) and NLRP3 (cat. no. WL02635)
antibodies were purchased from Wanleibio Co., Ltd. The
GAPDH (cat. no. BS65656) antibody was obtained from
Bioworld Technology, Inc. The -actin (cat. no. ABO061) anti-
body was purchased from Shanghai Abways Biotechnology
Co., Ltd. The DEPTOR/DEPDC6 (D9F5) antibody (cat.
no. “11816) was purchased from Cell Signaling Technology,
Inc. pcDNA 3.1 and pcDNA 3.1-DEPTOR were purchased
from Shanghai GenePharma Co., Ltd.

Cells and virus. GES-1 human normal gastric epithelial cells
were purchased from Boster Biological Technology and
RD human rhabdomyosarcoma cells were purchased from
the National Collection of Authenticated Cell Cutures, and
cultured in DMEM containing 10% fetal bovine serum and
1% penicillin and streptomycin in an incubator with 5% CO,
at 37°C. EV71 was obtained from Professor Zhendong Zhao
(Institute of Pathogen Biology, Chinese Academy of Medical
Sciences & Peking Union Medical College). GES-1 cells
were infected with EV71 at various multiplicity of infections
(MOIs) of 1,2, 3,4 or 5 for different times (12, 18 or 24 h) at
37°C, and cells cultured in full culture medium without EV71
were used as the mock group (mock infection).

Cell culture infectious dose 50 (CCID 50) assay. RD cells
(1x10*/well) were seeded into 96-well plates and cultured in
an incubator at 37°C with 5% CO, for 12 h. Subsequently,
RD cells were infected with EV71 that was serially diluted
from 1x10' to 1x10" times, and cells in a total of eight wells
per 96-well plate were infected with EV71 at the same dilution
and cultured at 37°C. The 96-well plates were observed once
per day for 5 days. The wells with ~50% cytopathic effect of
RD cells were observed under a microscope and recorded, and
the CCID 50 results were calculated using the Reed-Miinch
method (34).

Measurement of LDH release. GES-1 cells were infected with
EV71 at various MOIs of 1, 2, 3, 4 or 5 or infected with EV71
at MOI 5 and treated with metformin (1, 3 or 5 uM) for 24 h
and then the cell supernatant was collected at 400 x g for 5 min
at 4°C. The LDH release of the cell supernatant was measured
using an LDH detection kit. LDH activity (%) was calculated
as follows: (LDH,,¢uumen- LDH onirot)/(LDH - LDH g r01) X100.

Western blotting. GES-1 cells from different groups were
collected in 1.5-ml centrifuge tubes and lysed with 60 ul RIPA
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lysis buffer (Beyotime Institute of Biotechnology). The total
protein concentration was measured using a BCA kit. A total
of 30 ug total extracted protein from each group was separated
by 12% SDS-PAGE and then transferred to a nitrocellulose
(NC) membrane. The NC membrane was blocked with 5%
skimmed milk for 2 h at room temperature and then incubated
with NLRP3 (1:1,000), GSDMD (1:1,000), caspase-1 (1:1,000),
caspase-1 P20 (1:1,000), Pro-IL-1p (1:5,000), DEPTOR
(1:1,000), GAPDH (1:5,000) and (-actin (1:5,000) antibodies
overnight at 4°C. Subsequently, the NC membrane was washed
three times with TBST (0.1% Tween) and incubated with horse-
radish peroxidase-conjugated goat anti-rabbit IgG secondary
antibody (1:5,000) at room temperature for 2 h. Finally, immu-
noblots were incubated with an ECL chromogenic kit and
observed using a ChemiDoc™ MP Imaging System (Bio-Rad
Laboratories, Inc.). ImageJ software (version 6.0; National
Institutes of Health) was used for densitometry.

Cell Counting Kit-8 (CCK-8) assay. GES-1 cells seeded onto
96-well plates were infected with EV71 at MOI 1, 2, 3,4, or 5
or infected with EV71 at MOI 5 and treated with metformin (1,
3 or 5 uM) for 24 h at 37°C with 5% CO,. At 2 h before the end
of the culture, 20 u1 CCK-8 reagent was added to the 96-well
plates. Subsequently, the absorption of each sample was detected
at 450 nm using a microplate reader (BioTek Instruments, Inc.).
The cell viability was calculated using the following formula:
Cell viability (%)=(Absorbance,,.,me-Absorbance,,,,)/(Absor
bance,,,,,-~Absorbance,,,) x100%.

Immunofluorescence staining. GES-1 cells were seeded
into 24-well plates (1x10° cells/well). When the EV71
infected-GES-1 cell density reached 60-70%, GES-1 cells
were fixed with 4% paraformaldehyde at 4°C for 20 min.
Subsequently, the cells were permeated with 0.5% Triton
X-100 at room temperature for 15 min and blocked with 5%
bovine serum albumin at room temperature for 1 h. Then the
cells were incubated with the NLRP3 antibody (1:200) at 4°C
overnight, followed by incubation with Alexa Fluor 488 goat
anti-rabbit IgG (1:200) at room temperature for 1 h, and then
protected from light and stained with 1 yg/ml DAPI solu-
tion in PBS for 5 min at room temperature. The cells were
again protected from light and washed three times with PBS
after each staining step. All images were observed under an
inverted fluorescence microscope (x200 magnification2;
Nikon Corporation).

PI staining. GES-1 cells in the logarithmic phase were seeded
into 24-well plates (1.2x10%/well) for 12 h and then treated with
EV71, metformin (5 xuM) or EV71 and metformin (5 yuM) for
24 h at 37°C. When the density of the treated cells reached
~80%, GES-1 cells were stained with 4 yM PI for 30 min at
37°C. The images were captured using an inverted fluores-
cence microscope (magnification, x200; Nikon Corporation).

DNA transfection. GES-1 cells were plated into 6-well plates
(50x10*/well) for 12 h. Subsequently, 2.5 ug pcDNA 3.1 (nega-
tive control with empty vector) or pcDNA 3.1-DEPTOR and
5 ul Lipofectamine 8000 were added to 125 ul fresh DMEM
(without bovine serum and antibiotics) and gently mixed.
Then, the mixture was added to the 6-well plate. Cells were

cultured at 37°C, and subsequent experiments were carried out
48 h later.

Statistical analysis. GraphPad Prism 8 software (GraphPad
Software; Dotmatics) was used for statistical tests. All experi-
ments were independently repeated three times and data are
presented as the mean + SD. Multiple groups were analyzed
through one-way ANOVA followed by Tukey's post hoc test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

EV7I infection causes cell damage and reduces cell viability.
GES-1 cells were treated with EV71 at the different MOIs (0,
1,2,3,4 and 5) for 24 h. The cell viability of each group was
detected using a CCK-8 assay (Fig. 1A). Subsequently, GES-1
cells were treated with EV71 at a MOI of 1, 3 and 5 for 24 h,
and the cell damage level was measured using an LDH release
assay (Fig. 1B). The results demonstrated that EV71 decreased
cell viability and increased cell damage in a dose-dependent
manner.

EV71 infection induces pyroptosis. The present study further
examined whether pyroptosis is involved in EV71-induced
cell damage. GES-1 cells were infected with EV71 at different
MOIs (0, 1, 2, 3, 4 and 5) for 24 h. The protein levels of
NLRP3, GSDMD, caspase-1 and Pro-IL-1p in cells were
detected by western blotting. The results demonstrated that
EV71 increased the levels of NLRP3, and decreased the levels
of GSDMD, caspase-1 and Pro-IL-1f in a dose-dependent
manner (Fig. 2A-C). Subsequently, GES-1 cells were infected
with EV71 at a MOI of 5 for 12, 18 and 24 h. Compared to
those of the mock group, the protein levels of GSDMD, and
Pro-IL-1p were reduced in a time-independent manner, and
caspase-1 was decreased significantly at 24 h (Fig. 2D and E).
GES-1 cells were infected with EV71 at a MOI of 5 for
24 h, and the NLRP3 levels were examined using immuno-
fluorescence staining. The results indicated that intracellular
NLRP3 was upregulated and showed intracellular aggregation
(Fig. 2F). These suggested that EV71 infection could induce
cell pyroptosis.

Metformin reverses EV7I-induced cytotoxicity and cell
viability inhibition. The present study evaluated whether
metformin was able to affect the viability of EV71-infected
cells and reverse EV71-induced cytotoxicity. Shifts in cell
viability and cell damage were detected using CCK-8 and
LDH release assays. The cells were treated with EV71
(MOI=5) alone or combined with metformin at different
concentrations (1, 3 and 5 yM) for 24 h. The cell viability
was increased and cell damage was inhibited by 5 uM
metformin treatment in EV71-infected cells compared with
cells infected with EV71 only (Fig. 3A and B). Next, The
GES-1 cells were stained with PI (red fluorescence), which
was used to stain the dead and dying cells. EV71-treated
cells exhibited cell injury and the number of GES-1 cells
were decreased compared with that in the uninfected group,
while treatment with metformin reversed the EV71-induced
cell damage (Fig. 3C).
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Figure 1. Shiftin cell viability and cell damage caused by enterovirus 71. (A) Cell viability was detected using a Cell Counting Kit-8 assay. (B) Concentration of
LDH in the culture supernatant as detected by an LDH release assay. “P<0.01 compared with the mock group. LDH, lactate dehydrogenase; MOI, multiplicity

of infection.

Metformin inhibits EV7I1-induced pyroptosis in GES-1 cells.
In order to define whether metformin against EV71 induced
cell pyroptosis, GES-1 cells were treated with EV71 and 2 yM
metformin. Metformin upregulated Pro-IL-1f and downregu-
lated caspase-1 P20 in EV71-infected cells compared with the
EV71 infected group (P<0.01; Fig. 4A and B). EV71-infected
GES-1 cells were treated with different concentrations (0, 1, 2,
3,4 and 5 uM) of metformin for 24 h. The results revealed that
NLRP3 and caspase-1 P20 were downregulated, and GSDMD,
caspase-1 and Pro-IL-1f were upregulated (P<0.01; Fig. 4C-F)
compared with the EV71 group. This indicated that metformin
exerted substantial inhibitory effects on EV71-induced
pyroptosis.

Metformin upregulates DEPTOR protein expression in GES-1
cells. GES-1 cells were infected with EV71 at various MOIs
(0,1,2,3,4 and 5) for 24 h, and the results indicated that the
protein levels of DEPTOR were decreased in a dose-depen-
dent manner in EV71-infected GES-1 cells (P<0.01; Fig. 5A).
Subsequently, GES-1 cells were infected with EV71 (MOI=5)
at varying times (12, 18 and 24 h), and western blot analysis
revealed the degradation of DEPTOR in a time-dependent
manner compared with the mock group at the same time
(P<0.01; Fig. 5B). Next, GES-1 cells were incubated with
varying concentrations (0, 1, 2, 3,4 and 5 yM) of metformin
for 24 h, and the results indicated that metformin increased
DEPTOR levels in a dose-dependent manner (P<0.01;
Fig. 5C). Finally, DEPTOR protein levels were upregulated in
EV7l-infected and metformin-treated (0, 1, 2, 3,4 and 5 yM)
GES-1 cells compared with EV71-infected alone GES-1 cells
(P<0.01; Fig. 5D).

The results demonstrated that metformin could reverse the
downregulating effect of EV71 on DEPTOR. The alterations
of DEPTOR were accompanied by changes in pyroptosis that
were regulated by EV71 or metformin, as aforementioned.

These findings suggested a potential association between
pyroptosis and DEPTOR expression.

Overexpression of DEPTOR inhibits EV71-induced pyrop-
tosis. EV71 infection induced pyroptosis and the degradation of
DEPTOR, which were reversed by metformin treatment. Next,
the present study aimed to further investigate the association
between pyroptosis and DEPTOR. pcDNA 3.1 and pcDNA
3.1-DEPTOR were transfected into GES-1 cells, which were
then infected with EV71. The changes of pyroptosis-related
proteins were observed. The results showed that after EV71
infection, compared with that of the empty vector expression
group, the level of GSDMD and DEPTOR was increased
(P<0.01; Fig. 6A), caspase-1 level was increased (P<0.01;
Fig. 6B), caspase-1 P20 level was decreased (P<0.05; Fig. 6B),
the expression of NLRP3 was reduced (P<0.01; Fig. 6C) and
the level of Pro-IL-1p was increased (P<0.01; Fig. 6D) in the
DEPTOR overexpression group. The results demonstrated that
DEPTOR overexpression led to inhibition of pyroptosis and
indicated that metformin inhibited EV71-induced pyroptosis
via upregulating DEPTOR.

Discussion

EV71 infection causes HFMD in infants and children,
particularly severe infections with pulmonary edema and
neurological complications, which pose a serious threat
to the life and health of children. There is no specific drug
to control EV71 infection at present, thus it is important
to investigate anti-infection mechanisms and find effec-
tive antiviral drugs (35). Viral infection induces pyroptosis
and causes an inflammation response. We hypothesized
that targeting the virus-induced pyroptosis and its initiated
inflammation can be an innovative strategy for antiviral treat-
ment. In the present study, the inhibitory effect of metformin
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Figure 2. EV71 induces cell pyroptosis. Western blotting was performed to detect the levels of (A) NLRP3 and caspase-1, (B) GSDMD and (C) Pro-IL-1f,
with B-actin or GAPDH as an internal reference. Western blot analysis of the levels of (D) caspase-1 and GSDMD and (E) Pro-IL-1f, with 3-actin or GAPDH
as internal references. (F) NLRP3 staining in GES-1 cells was detected using an immunofluorescence assay (magnification, x200). "P<0.05 and “"P<0.01
compared with the mock group. EV71, enterovirus 71; GSDMD, gasdermin D; NLRP3, NLR family, pyrin domain-containing 3; MOI, multiplicity of infec-

tion; hpi, hours post inoculation.

on EV71-induced pyroptosis and the upregulating effect of
metformin on DEPTOR levels were revealed. It was demon-
strated that DEPTOR was involved in the inhibitory process
of EV71-induced pyroptosis, which provided a reference for
discovering effective anti-EV71 infection drugs.

The present study first confirmed that EV71 infection
increased cell damage and decreased cell viability, and that

5 uM metformin treatment reversed this cytotoxicity. This
finding suggests that metformin may play a protective role
in EV71 infections. EV71 infected GES-1 cells exhibited
pyroptosis, accompanied by caspase-1 activation, GSDMD
increase and IL-1P maturation. This finding is consistent with
the work of Yogarajah er al (36) showing that EV71 induced
host cell pyroptosis. Other studies have demonstrated that
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EV71 3C protease inhibits the activation of GSDMD (36-38).
It is possible that the viral protease prolongs the proliferation
stage of the virus in cells by inhibiting pyroptosis in the early
stage of infection (39). However, a large number of aggregating
progeny viruses eventually lead to the occurrence of pyrop-
tosis in the later stage of infection, which causes the release
of mature viruses and inflammatory cytokines, increases
infection and pathogenesis, and causes further serious patho-
logical damage to the body. This hypothesis is supported by
the marked intracellular elevation of viral structure protein
VP1 and the pyroptosis-related proteins NLRP3, GSDMD,
Caspase-1 and Pro IL-1f 24 h after infection (40). The present

study subsequently tried to find a marketed drug that could
suppress pyroptosis to shorten its clinical trial period. It
was revealed that metformin could inhibit EV71-induced
cell damage and pyroptosis in a dose-dependent manner.
This finding demonstrated the anti-pyroptosis effect of
metformin in a novel model, which further supplemented the
pharmacological effects of metformin.

The anti-pyroptosis mechanism of metformin was investi-
gated further, and it was revealed that metformin could regulate
DEPTOR. DEPTOR, as a metabolic pathway inhibitor protein,
is upregulated by corticosteroids (31). It was explored whether
the levels of DEPTOR changed in the EV71-infection model
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Figure 4. Effect of metformin on EV71-induced cell pyroptosis. (A) Western blot analysis was performed to investigate the levels of caspase-1 P20. GAPDH
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Figure 5. Shift in the levels of DEPTOR caused by EV71 and metformin in GES-1 cells. (A) Western blotting was performed to detect the changes in the protein
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#P<0.01 compared with the EV71-infected group (without metformin treatment). DEPTOR, DEP domain-containing mTOR interacting protein; EV71,
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and whether metformin could regulate DEPTOR. The results
demonstrated that EV71 infection reduced, while metformin
increased the cellular levels of DEPTOR which is consis-
tent with the findings of Obara et al (25). In the present cell
model of EV71 infection, metformin reversed EV71-induced
DEPTOR reduction in a dose-dependent manner, suggesting
that metformin may exert its effect by upregulating the expres-
sion levels of DEPTOR.

The present study subsequently aimed to determine whether
DEPTOR is involved in the regulation of virus-induced pyrop-
tosis. The effects of DEPTOR overexpression on NLRP3,
Pro-IL-1f, caspase-1, caspase-1 P20 and GSDMD were

detected. The results demonstrated that DEPTOR overexpres-
sion could suppress EV71-induced pyroptosis. Zhai et al (29)
indicated that the reduced level of DEPTOR can activate
NLRP3 and mature IL-1f in macrophages. DEPTOR knock-
down experiments were conducted in metformin-treated cells
in the present study with an aim to observe whether the effect
of metformin on pyroptosis can be inhibited. However, knock-
down experiments require prolonged cell cultivation that make
the expression level of DEPTOR in cells too low to detect.
This is a limitation of the present study and an aim in future
research to improve upon. The present study demonstrated
that metformin could inhibit EV71-induced pyroptosis by
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Figure 6. Possible involvement of DEPTOR in the regulatory effect of metformin on pyroptosis. Western blot analysis of the changes in the levels of
(A) GSDMD, (B) caspase-1 and caspase-1 P20, (C) NLRP3 and (D) Pro-IL-1p in GES-1 cells overexpressing DEPTOR. -actin or GAPDH was used as a
loading control. “P<0.05; #P<0.01 compared with the NC with EV71-infected group. DEPTOR, DEP domain-containing mTOR-interacting protein; EV71,
enterovirus 71; GSDMD, gasdermin D; NLRP3, NLR family, pyrin domain-containing 3; MOI, multiplicity of infection; NC, negative control (empty vector).

upregulating DEPTOR. However, the mechanism via which In future studies on this topic, the first consideration
metformin upregulates DEPTOR and how DEPTOR regulates  should be to further investigate the association between
pyroptosis should be investigated in the future. DEPTOR and the pyroptosis pathway. Peterson et al (41)
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revealed that overexpression of DEPTOR activates the
mTORC2/AKT signaling pathway, leading to an increase in
phosphorylation at the Ser-473 site of AKT. Zhao et al (42)
revealed that activation of AKT inhibits NLRP3 degradation,
thereby suppressing NLRP3 oligomerization and activation.
Considering the relationship between AKT and mTORC?2, it
may be hypothesized that DEPTOR may affect AKT activity
through mTORC?2 to regulate NLRP3 oligomerization and
inhibit pyroptosis.

In conclusion, the findings of the present study suggested
that EV71 infection induced GES-1 cell pyroptosis, while
metformin suppressed EV71-induced pyroptosis, alleviated
cytotoxicity and the inflammatory response. The implicated
mechanism may involve the upregulation of DEPTOR by
metformin.
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