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Abstract

Objective Increased O-linked B-N-acetylglucosamine (O-GlcNAc) stimulation has been reported to protect against sepsis
associated mortality and cardiovascular derangement. Previous studies, including our own research, have indicated that
gasdermin-D(GSDMD)-mediated endothelial cells pyroptosis contributes to sepsis-associated endothelial injury. This study
explored the functions and mechanisms of O-GIcNAc modification on lipopolysaccharide (LPS)-induced pyroptosis and
its effects on the function of GSDMD.

Methods A LPS-induced septic mouse model administrated with O-GlcNAcase (OGA) inhibitor thiamet-G (TMG) was
used to assess the effects of O-GlcNAcylation on sepsis-associated vascular dysfunction and pyroptosis. We conducted
experiments on human umbilical vein endothelial cells (HUVECS) by challenging them with LPS and TMG to investigate
the impact of O-GlcNAcylation on endothelial cell pyroptosis and implications of GSDMD. Additionally, we identified
potential O-GlcNAcylation sites in GSDMD by utilizing four public O-GlcNAcylation site prediction database, and these
sites were ultimately established through gene mutation.

Results Septic mice with increased O-GIcNAc stimulation exhibited reduced endothelial injury, GSDMD cleavage (a marker
of pyroptosis). O-GlcNAc modification of GSDMD mitigates LPS-induced pyroptosis in endothelial cells by preventing
its interaction with caspase-11 (a human homologous of caspases-4/5). We also identified GSDMD Serine 338 (S338) as a
novel site of O-GlcNAc modification, leading to decreased association with caspases-4 in HEK293T cells.

Conclusions Our findings identified a novel post-translational modification of GSDMD and elucidated the O-GIcNAcylation
of GSDMD inhibits LPS-induced endothelial injury, suggesting that O-GIcNAc modification-based treatments could serve
as potential interventions for sepsis-associated vascular endothelial injury.
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ultimately results in reduced blood flow perfusion in the
microcirculation [2]. Existing literature has reported a close
association between sepsis and vascular inflammation,
thrombosis, and decreased blood perfusion, all of which
contribute to increased mortality in septic patients. Evidence
from evidence-based medicine shows that anti-inflamma-
tory and anti-thrombotic therapies alone do not improve the
ultimate outcomes of septic patients [5, 6]. Therefore, in
our study, the focus has been on elucidating the potential
mechanisms underlying the decrease in blood perfusion in
sepsis. Previous research, including studies conducted by
others and our own, has demonstrated that endothelial cell
pyroptosis contributes to sepsis-associated endothelial injury
and hypoperfusion in sepsis [7-10].

Pyroptosis is an inflammatory type of programmed cell
death that triggered intracellular pathogen- or host-derived
perturbations of the cytosol, such as lipopolysaccharide
(LPS) [11]. Gasdermin-D (GSDMD) acts as an executioner
of pyroptosis and is activated by Caspase-11 (a human
homologous of Caspases-4/5) during sepsis [12, 13]. Several
studies have demonstrated that genetic deficiency of both
GSDMD and Caspase-11 protects mice from LPS-induced
septic death [9, 14, 15]. The cleavage of GSDMD and sub-
sequent oligomerization of its N-terminal domain on the cell
membrane are crucial steps leading to membrane perfora-
tion, pyroptosis, and the release of inflammatory factors.
Interventions that target the cleavage process of GSDMD
may hold therapeutic potential for pyroptosis-related dis-
eases [16, 17]. The ability of activated Caspase-11 to rec-
ognize and cleave GSDMD has been extensively reported.
Auto-processed Caspase-11 mediates high-affinity bind-
ing to the GSDMD-C domain, leading to a tetrapeptide
sequence-independent cleavage and the induction of pyrop-
tosis [18]. However, the regulatory mechanism underlying
the Caspase-11-GSDMD interaction remains unclear.

In our previous research, we have already demonstrated
that LPS can lead to a reduction in blood flow perfusion.
The potential mechanism behind this effect may involve an
increase in vascular permeability caused by endothelial cell
pyroptosis. In this preliminary study, we found that LPS pro-
motes the translocation of GSDMD-N from the cytoplasm to
the cell membrane [8]. However, the mechanisms underly-
ing the generation of GSDMD-N have not been thoroughly
investigated. Post-translational protein modification is cur-
rently at the forefront of research into GSDMD activation
[19]. Some studies have shown that succination of GSDMD
prevents its interaction with Caspases, thereby limiting its
processing, oligomerization, and its ability to induce cell
death. O-linked B-N-acetylglucosaminylation (O-Glc-
NAcylation) is a highly regulated process that influences
protein—protein interactions [20-23]. Recent studies have
indicated that increased O-GIcNAcylation can mitigate sep-
sis-associated cardiovascular dysfunction [24-28]. Another
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study reported that O-GlcNAcylation of the kinase RIPK3
blocks protein interactions mediated by the RHIM domain
and downstream signaling activation [21]. Therefore, in this
study, we aim to investigate the impact of O-GIcNAc modi-
fication on the interaction between Caspase-4 and GSDMD,
as well as its influence on the generation of GSDMD-N.

O-GlcNAc modification is tightly regulated by multiple
enzymes with opposing effects, namely O-GIcNAc trans-
ferase (OGT) and O-GIcNAcase (OGA), which play a direct
role in this modification process [29, 30]. OGT catalyzes
the addition of N-acetylglucosamine to serine and threonine
residues of target proteins [31], whereas OGA facilitates the
hydrolytic removal of O-GlcNAc from proteins [32, 33].
Thiamet-G (TMG), an inhibitor of OGA, has been shown
to alleviate cardiovascular disorders induced by LPS by
increasing O-GlcNAc modification [26, 34]. Thus, in our
investigation, we will employ OGA inhibitors to explore the
role and underlying mechanisms of O-GlcNAc modification
in sepsis-induced endothelial cell pyroptosis.

In this study, we aimed to elucidate the impact and mech-
anism of O-GlcNAc modification on GSDMD, specifically
in inhibiting LPS-induced endothelial cells pyroptosis.
These findings have the potential to uncover novel molecular
mechanisms and identify promising targets for the treatment
of sepsis.

Materials and methods
Animals

Male C57BL/6] mice aged 8—10 weeks and weighing
20-25 g were obtained from Hunan Slack Jingda Experi-
mental Animal Breeding Co., Ltd (Changsha, China). The
mice were housed in the Animal Experimental Center of
Central South University, with a controlled temperature
range of 22-24 °C, humidity, and a 12-h light/dark cycle.
They were provided with standard diet and water ad libi-
tum. All animal protocols were conducted in accordance
with the guidelines for experimental animal welfare ethics
established by the Chinese Society of Laboratory Animals.
The care of animals and experimental procedures were
approved by the Animal Experimental Center of Central
South University.

Experimental animal models

Polymicrobial sepsis was induced by administering a sin-
gle intraperitoneal dose of lipopolysaccharide (LPS) from
Escherichia coli 0111:B4 (Sigma Chemical, MO, United
States) at a dosage of 20 mg/kg. To investigate the effects
of acute O-GlcNAc increase in mice with LPS-induced sep-
sis, Thiamet-G (TMG) was administered intravenously at a
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dosage of 600 pg/kg, 12 h prior to LPS treatment. Appropri-
ate control groups were included, with vehicle administra-
tion (for LPS and TMG) at the corresponding time points.
The animals were randomly assigned to one of the following
four groups: saline control (Control), vehicle administration
followed by LPS treatment (LPS), TMG administration fol-
lowed by LPS treatment (LPS + TMG), and TMG adminis-
tration followed by saline treatment (TMG).

Measurement of organ blood perfusion

Ten hours after intraperitoneal injection of LPS, we assessed
blood flow perfusion in the liver, mesentery, and lower limb
using laser Doppler imaging. The procedure for measuring
organ blood flow perfusion was conducted as previously
described [8]. Mice were anesthetized with intraperitoneal
pentobarbital sodium at a dosage of 20 mg/kg body weight.
They were then placed on a light-absorbing pad with an elec-
tric heating blanket set to maintain a temperature of 37 °C.
Laser Doppler imaging was performed using the PeriScan
PIM3 system from Somnotec (Singapore), following the
manufacturer's instructions.

To measure blood perfusion, a midline abdominal inci-
sion was made, and the right lobe of the liver was care-
fully exposed. Laser Doppler imaging was used to monitor
blood flow in this region. Additionally, a selected area of
the mesentery was monitored for blood flow. Throughout
the procedure, the mice's core temperature was maintained
at 37 °C using a heat lamp.

Cell culture and stimulation

Human umbilical vein endothelial cell lines (HUVECs) and
human kidney fibroblast HEK 293T cells were obtained from
the American Type Culture Collection (ATCC). HUVECs
were cultured in DMEM-F12 medium, while HEK 293T
cells were cultured in DMEM. Both culture media were sup-
plemented with 10% fetal bovine serum (FBS) and 1% peni-
cillin—streptomycin. The cells were maintained at 37 °C in a
humidified atmosphere containing 5% CO2. HUVECs were
plated on six-well plates and exposed to a series of LPS solu-
tions (0, 0.2, 0.4, 0.6, 0.8, 1.0 ug/ml) obtained from Invivo-
Gen (# tlrl-3pelps) for 24 h. The protein levels of O-GlcNAc
and GSDMD were assessed by western blotting.

Lactate dehydrogenase assay

The HUVECs were seeded in a 6-well culture plate one
day prior to the experiment and incubated for 24 h. Sub-
sequently, the cells were transferred to 96-well plates. For
transfection, the cells were treated with Lipofectamine 2000
reagent (Invitrogen) and transfected with 1 pg/ml of LPS.
The transfection was allowed to proceed for 24 h. Cell death

was measured using a lactate dehydrogenase (LDH) assay
obtained from Abcam, following the instructions provided
by the manufacturer.

Immunofluorescence staining

To prepare frozen aorta tissues, an optimum cutting tem-
perature compound was injected gently through the trachea
to maintain fluid in the lungs. The aorta tissues were then
frozen, and sections of 5 um thickness were cut using a cry-
ostat microtome. These sections were mounted on micro-
scope slides. The slides were fixed with 4% paraformalde-
hyde to preserve the tissue structure and permeabilized with
0.1% Triton X-100 to allow antibody penetration. Primary
antibodies specific to CD31 were applied to the slides, fol-
lowed by incubation with fluorescence-conjugated second-
ary antibodies. The slides were visualized under a Zeiss fluo-
rescence microscope at a magnification of 40X, and images
were captured for further analysis and evaluation.

Co-immunoprecipitation assay

To lyse HUVEC:sS, cell lysis buffer for Western blot and IP
(P0013, Beyotime Biotechnology, Shanghai, China) was
used. The cell extracts were treated with Protein A/G aga-
rose beads (Santa Cruz Biotechnology, sc-2003) to remove
nonspecifically bound proteins during the immunoprecipi-
tation process. The beads were pelleted by centrifugation,
and the supernatant (cell lysate) was transferred to a fresh
centrifuge tube kept on ice. Protein A/G agarose beads were
added to the cell lysate again, and immunoprecipitation was
performed using either anti-GSDMD or anti-caspase-4 anti-
bodies overnight at 4 °C. The immunoprecipitates were col-
lected by centrifugation, and the supernatant was carefully
aspirated and discarded. The pellet was washed with 200 ul
of wash buffer. After the final wash, the supernatant was
aspirated and discarded, and the pellet was resuspended in
40-60 ul of 1 xelectrophoresis sample buffer. The resus-
pended pellet was then subjected to Western blot analysis
using primary antibodies specific to O-GlcNAc or GSDMD,
respectively.

GSDMD O-GlcNAcylation site prediction

To predict the O-GlcNAcylation site of GSDMD, four
O-GlcNAcylation site prediction sites were utilized. These
prediction sites include the DictyOGlyc 1.1 server (http://
www.cbs.dtu.dk/services/DictyOGlyc/) [35], NetOGlyc 4.0
server (http://www.cbs.dtu.dk/services/NetOGlyc/) [36],
GPP prediction server (https://comp.chem.nottingham.ac.
uk/cgi-bin/glyco/bin/getparams.cgi) [37], and GlycoMine
(https://glycomine.erc.monash.edu/Lab/GlycoMine/#webse
rver) [38]. The raw data obtained from these four prediction
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sites underwent statistical analysis. A Venn diagram was
created to determine the predicted set of sites that were iden-
tified as the most likely potential O-GlcNAcylation sites for
GSDMD. This analysis allowed for a comprehensive evalu-
ation of the predictions made by each site and the identi-
fication of common sites predicted by multiple prediction
methods.

Plasmid and molecular cloning

The pCMV vector expressing Myc-tagged human OGT
(PPL00887-2a) was purchased from PPL. To generate the
GSDMD constructs, the gene sequence of GSDMD was
obtained from the GenBank database. The template for
cloning and construction experiments was obtained, and
the necessary modifications were made. The FLAG-tagged
GSDMD, FLAG-tagged human GSDMD-NT, FLAG-tagged
human GSDMD (S338A) and human GSDMD (S480A)
constructs were generated by GENECHEM. The cloning
and construction experiments allowed for the creation of
the desired mutant plasmids.

Cell transfection

HEK?293T and HUVECs were cultured in DMEM or F-12
medium supplemented with 10% FBS, 100 U/ml penicillin,
and 100 pg/ml streptomycin, respectively. The cells were
incubated in a humidified atmosphere containing 5% CO,.
For transfection, cells were grown in 6-well plates until they
reached 90% confluence. Plasmid DNA was added to 500 ul
of medium, while Lipofectamine 2000 transfection reagent
(Invitrogen) was added to another 500 pl of medium. After
incubating for 5 min at room temperature, the two media
were mixed and incubated for an additional 20 min. The cell
culture medium was then replaced with the mixture of media
containing the plasmid and Lipofectamine 2000.

Immunoblotting

Cultured HUVECs were collected and lysed with lysis buffer
containing 98% RIPA lysis buffer, 1% protease inhibitor, and
1% phosphatase inhibitor. The cells were incubated with the
lysis buffer on ice for 30 min. The total protein concentra-
tion in the lysate was measured using the BCA protein assay
kit from Beyotime Biotechnology, Shanghai, China. Equal
amounts of protein from each sample were loaded onto SDS-
PAGE gels and separated by electrophoresis. The proteins
were then transferred onto polyvinylidene fluoride (PVDF)
membranes and blocked with PBST containing 5% skim
milk blocking buffer at room temperature for 2 h.

Primary antibodies, including O-GIcNAc (Cell Signaling
Technology, #9875), GSDMD (Santa Cruz Biotechnology,
sc-393581), GSDMD (Abcam, ab209845), p-actin (SAB,
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#21338), GAPDH (Proteintech), OGT (Santa Cruz Bio-
technology, sc-74546), Myc Tag (Invitrogen, # R951-25),
OGA (Proteintech, 14711-1-AP), were incubated with the
membranes followed by incubation with HRP-conjugated
secondary antibodies (anti-rabbit IgG from Bioword, and
anti-mouse IgG from Bioword). Protein bands were detected
using an Enhanced Chemiluminescent (ECL) reagent from
Thermo Scientific, and the images were acquired with a
ChemiDoc MP System from Bio-Rad. Densitometric anal-
ysis was performed using ImageJ Software to quantify the
protein bands.

Statistics

All experiments were conducted with a minimum of three
independent replicates to ensure robustness and reliabil-
ity of the results. Statistical analysis was performed using
GraphPad Prism 8 software. The data are presented as
mean + standard deviation (SD). To compare the mean
values of biochemical data between different groups, a
two-tailed Student’s ¢ test was employed. For comparisons
involving multiple time points, repeated-measures analysis
of variance (ANOVA) was used, followed by Bonferroni
post-tests. A significance level of P <0.05 was considered
statistically significant for all analyses.

Results

0-GIcNAc modification ameliorated vascular
endothelial injury in septic mice

Following the methods described in the literature [26], we
administered the OGA inhibitor TMG for 12 h, followed by
intraperitoneal injection of LPS for an additional 12 h. We
then assessed the blood flow perfusion in the liver, mes-
entery, and lower limbs of the mice using Laser Doppler
imaging (Fig. 1A). After LPS administration, a significant
decrease in blood flow perfusion was observed in the liver,
mesentery, and lower limbs (P <0.0001). In contrast, the
septic mice treated with TMG showed a significant increase
in blood perfusion in these regions compared to the sepsis
group (LPS) (P <0.005) (Fig. 1B-D). To investigate the
impact of O-GlcNAc modification on the inhibition of vas-
cular endothelial injury, we examined the expression of the
vascular endothelial marker CD31 in the mice aorta. The
results revealed a reduction in the fluorescence expression of
CD31 in the vascular endothelial of septic mice compared to
control mice. However, treatment with TMG effectively mit-
igated the LPS-induced reduction in the endothelial marker
CD31 (Fig. 1E). These findings suggest that TMG has the
potential to alleviate vascular endothelial injury induced by
LPS.
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Fig.1 O-GlcNAc modification ameliorated vascular endothelial
injury in septic mice. A Experimental design for assessing the effect
of Thiamet-G(TMG) on LPS-induced blood flow perfusion. 600 pg/
kg TMG were injected intravenously 12 h before injection of LPS
(20 mg/kg) was applied 10-12 h. B-D Analysis of blood flow perfu-
sion of the liver, mesentery, and lower limbs by laser Doppler imag-

ing in different treatment mice at 12 h after induction of endotox-
emia (20 mg/kg i.p.). E Immunofluorescence analysis of endothelial
marker CD31 in the aorta of different treatment mice at 12 h after
induction of endotoxemia (20 mg/kg i.p.). Scale bar: 100 pm, n=>5,
Data are expressed as means+SD of six animals per treatment,
*#p <0.005, ***p <0.0005, ****p <0.0001
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Increased O-GIcNAc levels inhibited GSDMD
cleavage in the aorta of septic mice

To elucidate the dose-dependent effect of TMG on increas-
ing total vascular protein O-GlcNAcylation levels, we ini-
tially administered different doses of TMG via tail vein
injection. Subsequently, 12 h post-injection, Western blot
analysis was conducted to assess vascular total protein
O-GIcNAc expression. The results indicated that a dose
of 600 pg/kg TMG exhibited a consistently stable increase
in vascular O-GlcNAc levels (Fig. 2A, B). Subsequent
experiments were performed using this dosage condition.

To assess the impact of TMG treatment on GSDMD pro-
tein cleavage, we examined the levels of global O-GIcNAc
and GSDMD in the mice aorta. In an experimental sepsis
model induced by LPS, aorta samples exhibited a decrease
in global O-GIcNAc levels, accompanied by a signifi-
cant increase in GSDMD-N production. However, upon
treatment with TMG, the aorta showed increased global
0-GIlcNAc levels and decreased levels of GSDMD-N, as
demonstrated by Western blot analysis (Fig. 2C, D). These
findings demonstrate that increased O-GlcNAc levels con-
tribute to the reduction of endothelial cell pyroptosis in
septic mice.
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Fig.2 Increased O-GlcNAc levels inhibited GSDMD cleavage. A,
B Western Blot analysis of different doses of TMG were injected
intravenously 12 h to detect the global O-GLcNAc level. Data are
expressed as means+SD of three animals per treatment, *p <0.05,
n=3. C, D Western Blot analysis of TMG (600 pg/kg) were injected
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intravenously 12 h following injection of LPS (20 mg/kg) for 12 h to
detect the global O-GlcNAc level and GSDMD-N production. Data
are expressed as means =+ SD of six animals per treatment, *p <0.05,
n=6
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Increased 0-GIcNAc modification inhibited
LPS-induced endothelial cells pyroptosis

To further investigate the role of O-GlcNAc modification in
regulating LPS-induced endothelial cell pyroptosis in vitro,
we treated HUVECs with different concentrations of LPS
and examined the global O-GIcNAc levels. As shown in
Fig. 3A, B, the global O-GlcNAc levels decreased with
increasing LPS stimulation concentration. However, admin-
istration of TMG increased the global O-GIcNAc levels
in HUVECs (Fig. 3C, D). Furthermore, we evaluated the
effects of O-GlcNAc modification on LPS-induced pyrop-
tosis. HUVEC:s treated with LPS exhibited rapid morpho-
logical changes and LDH release, indicating the occurrence
of pyroptosis. However, these effects were inhibited by
TMG treatment (Fig. 3E, H). Additionally, TMG pretreat-
ment reduced the levels of GSDMD-N protein, as shown
in Fig. 3F, G, suggesting that TMG may exert its effects
by inhibiting GSDMD cleavage. In summary, these find-
ings collectively demonstrate that O-GlcNAc modification
inhibits LPS-induced endothelial cell pyroptosis, providing

A B
LPS -
(ug/mp 0 0.2 0.4 0.6 08 1.0 )

further evidence for the role of O-GlcNAc in regulating
inflammatory processes in endothelial cells.

GSDMD O-GlcNAcylation involvement
in LPS-induced endothelial cell pyroptosis

To investigate the O-GlcNAcylation level of GSDMD and
the effect of O-GIcNAc modification on the interaction
between Caspase-4 and GSDMD under LPS stimulation
in HUVECs, we conducted a co-immunoprecipitation (Co-
IP) experiment. Firstly, we performed a Co-IP experiment
between O-GlcNAc and GSDMD to observe the impact of
LPS on GSDMD O-GlcNAcylation. (Fig. 4A—C). And then,
when TMG was administered under LPS treatment, a Co-IP
experiment between O-GIcNAc and GSDMD to observe the
impact of LPS and TMG on GSDMD O-GIcNAcylation, it
increased the O-GlcNAcylation of GSDMD and decreased
the expression of GSDMD-N (Fig. 4D-F). The results sug-
gest that O-GlcNAcylation of GSDMD may be involved in
the regulation of pyroptosis effector molecule GSDMD-
N expression by LPS and TMG. Furthermore, we used
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Fig.3 O-GlcNAc modification inhibits LPS-induced endothelial cells
pyroptosis. A, B HUVECs transfected with LPS induced marked
O-GLcNAc protein level in a concentration-dependent manner and
statistics analysis of O-GLcNAc level, n=3. C, D Western Blott
showing global O-GlcNAc levels under TMG and LPS treatment,
statistics analysis of O-GLcNAc level, n=3. E Total cell lysates of
HUVECs untreated or stimulated with LPS (1 pg/ml) alone with
or without TMG (1 pM) pretreatment marked cell swell and lysis,

n=3. Scale bar: 50 pm, n=3. F, G TMG (1 pM) treated HUVECs
transfected with LPS induced marked GSDMD cleavage decreased
as compared with that in HUVECs transfected with LPS, Statistics
analysis of GSDMD-F and GSDMD-N level, n=6. H TMG (1 pM)
treated HUVECs transfected with LPS induced marked LDH release
decreased as compared with that in HUVECs transfected with LPS,
n=3. Data are expressed as means+ SD of three independent experi-
ments, *p <0.05
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endothelial cell pyroptosis. A Total cell lysates of HUVECs untreated
or stimulated with LPS. Immunoprecipitation with anti-GSDMD
antibody to pull down O-GlcNAcylated proteins, n=3. B Total cell
lysates of HUVECS untreated or stimulated with LPS alone with or
without TMG pretreatment. Immunoprecipitation with anti-GSDMD
antibody to pull down O-GlcNAcylated proteins, n=3. C Total cell
lysates of HUVECs untreated or stimulated with LPS alone with or
without TMG pretreatment was immunoprecipitated with anti-Cas-
pase-4 antibody, followed by immunoblotting with anti-GSDMD

Caspase-4 antibodies for Co-IP and found that the interac-
tion between Caspase-4 and GSDMD increased under LPS
stimulation. However, this interaction was inhibited by TMG
administration (Fig. 4G—H). These findings suggest that
O-GlcNAcylation of GSDMD involvement in LPS-induced
endothelial cell pyroptosis.

Increased O-GIcNAc modification of GSDMD Ser-338
lead to a reduction in interaction of GSDMD
and Caspase-4

To identify potential O-GlcNAc modification sites
on GSDMD, multiple prediction websites including

@ Springer

Caspase-4. E Statistics analysis of O-GIcNAc level precipitated by
GSDMD under untreated or stimulated with LPS. F Statistics analysis
of GSDMD-F and GSDMD-N level of input group under untreated or
stimulated with LPS. G Statistics analysis of O-GIcNAc level precipi-
tated by GSDMD under untreated or stimulated with LPS alone with
or without TMG pretreatment. H Statistics analysis of GSDMD-F and
GSDMD-N level of input group under untreated or stimulated with
LPS alone with or without TMG pretreatment. Data are expressed as
means + SD of three independent experiments, *p <0.05

DictyOGlyc 1.1 server, NetOGlyc 4.0 server, GPP predic-
tion server, and GlycoMine were employed. Bioinformatic
analysis suggests that Ser-338 may be a specific site for
GSDMD O-GIcNAc modification (Fig. 5A). To confirm
the importance of this site, site-directed mutagenesis was
performed to generate a single mutant (S338A) within the
C-terminal domain of GSDMD (Fig. 5B, C). In HEK293T
cells, Flag-GSDMD-WT, Flag-GSDMD-S338A, and Flag-
GSDMD-S480A (another potential O-GlcNAc modification
site) were co-expressed with OGT. Western blot analysis
revealed that GSDMD-WT and GSDMD-S480A were
modified by O-GIcNAc, while GSDMD-S338A showed
significantly reduced O-GlcNAc modification (Fig. 5D).
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Fig.5 Increased O-GlcNAc modification of GSDMD Ser338 lead to
a reduction in interaction of GSDMD and caspase-4. A Venn analy-
sis diagram of O-GlcNAcylation prediction websites. B, C A view
of the GSDMD mutant site. D O-GlcNAcylation of GSDMD-WT,
GSDMD-S338A and GSDMD-S480A overexpressed in 293T cells in
the presence of OGT, n=3. E Cell morphology change of HUVECs
untreated or stimulated with LPS alone with or without TMG pre-
treatment. Scale bar: 50 pm, n=3. F GSDMD and GSDMD S338A
mutant overexpressed in 293T cells untreated or stimulated with

These results indicated that Ser-338 might be the key site
for O-GIcNAc modification of GSDMD. Furthermore, it
was observed that TMG treatment reversed LPS-induced cell
death in HEK293T cells transfected with GSDMD-WT plas-
mid. However, when GSDMD-S338A was transfected, TMG
treatment had no effect on LPS-induced cell death (Fig. S5E).
To further investigate the effect of GSDMD O-GlcNAcyla-
tion on GSDMD-N generation and the interaction between
Caspase-4 and GSDMD. We employed the S338A mutant
plasmid to perform a Co-IP experiment between Caspase-4
and GSDMD, the results indicate that when GSDMD is

LPS alone with or without TMG was immunoprecipitated with anti-
Caspase-4 antibody, followed by immunoblotting with anti-GSDMD
antibody, n=3. G Statistics Analysis of GSDMD level of immuno-
precipitated with Caspase-4. H Statistics Analysis of GSDMD-F
and GSDMD-N level of Input group. I LDH release of HUVECs
untreated or stimulated with LPS alone with or without TMG pre-
treatment, n=3. Data are expressed as means + SD of three independ-
ent experiments, *p <0.05

able to be O-GlcNAc-modified normally (GD-WT), TMG
can increase GSDMD O-GlcNAcylation, thereby reduc-
ing the binding between caspase-4 and GSDMD as well as
GSDMD cleavage (Lane 2 vs. Lane 1); GSDMD S338A
cannot be O-GlcNAcylated (GD-S338A), and the effect of
TMG in increasing GSDMD O-GlcNAcylation is abolished,
resulting in the binding between Caspase-4 and GSDMD as
well as GSDMD cleavage (Lane 3 vs. Lane 2) (Fig. SF-H).
Moreover, TMG reduced LDH release under LPS stimula-
tion, while the GSDMD-S338 A mutant exhibited defects in
LDH release (Fig. 5I). These results suggest that reduced
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O-GIcNAcylation of GSDMD under LPS stimulation condi-
tions promotes pyroptosis.

Discussion

In this study, we uncovered a novel post-translational modi-
fication of GSDMD and its functional implications. We
provided evidence for the beneficial effects of enhancing
O-GIcNAc modification on organ blood flow perfusion in
sepsis. Our findings indicated that O-GIlcNAcylation of
GSDMD played a crucial role in the regulation of vascu-
lar endothelial function. Specifically, O-GIcNAcylation of
GSDMD suppressed its interaction with caspase-4, lead-
ing to a decrease in LPS-induced GSDMD-N formation
in HUVECs. The authors further identified Ser-338 as an
important O-GlcNAcylation site on GSDMD during the pro-
cess of pyroptosis (Fig. 6). These findings provide new evi-
dence and insights into the mechanisms by which O-GIcNAc
inhibits pyroptosis.

GSDMD-NT T

GSDMD

Pro-Caspase-4/11

H:0

Our previous study discovered that GSDMD significantly
exacerbated multiple-organ perfusion disturbances in endo-
toxemia models, which paralleled endotoxin death in mice
[8]. Recent studies have also reported that acute increase
in O-GlcNAc levels improves survival in mice with LPS-
induced sepsis. In this study, they investigated the protec-
tive effect of O-GLcNAc on vascular injury in septic mice
by constructing a sepsis model using intraperitoneal injec-
tion of 20 mg/kg LPS [26]. Thus, our study utilized this
modeling approach to investigate the relationship between
O-GIcNAc levels and vascular injury. We demonstrated that
elevated O-GlcNAc levels promoted the blood flow perfu-
sion in the liver, mesentery, and lower limbs of the LPS
induced septic mice, increased the expression of the vas-
cular endothelial marker CD31 in the LPS induced septic
mice aorta, indicating that O-GIcNAcylation might improve
the prognosis of sepsis by influencing blood flow perfusion
and vascular endothelial integrity. Additionally, our find-
ings indicated that TMG treatment inhibited the cleavage
of vascular GSDMD in the septic mouse model, suggesting
that O-GlcNAcylation regulates the process of pyroptosis.

O-GLcNAc

Caspase-4/11

(active)

Fig.6 Schema of hypothesis that O-GlcNAc modification of
GSDMD attenuates LPS-induced endothelial cells pyroptosis.
Intracellular LPS directly activates caspase-4/11, and activated
caspase-4/11 can cleave GSDMD and induce pyroptosis, which
promotes the release of inflammatory factors and the entry of extra-
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cellular water into the cell, leading to cell swelling and lysis. While
GSDMD can be modified by O-GlcNAc under the action of TMG, so
that caspase-4/11 cannot bind to GSDMD, thus to prevent the cleav-
age of GSDMD, and finally inhibit the occurrence of pyroptosis. O-G
O-GlcNAc
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This study, along with others, has demonstrated that
increasing O-GLcNAc levels can mitigate endothelial injury
induced by LPS, TNF-a and other factors [27]. Building
upon this knowledge, we conducted further investigations
and discovered that O-GlcNAcylation of GSDMD plays a
crucial role in LPS-induced pyroptosis. The study supports
the notion that O-GlcNAc modification of GSDMD inhibits
LPS-induced endothelial cell pyroptosis by interfering with
its interaction with Caspases, thereby preventing its cleavage
and subsequent cell death. Other studies have also reported
the inhibitory effects of GSDMD succination, another post-
translational modification, on LPS-induced pyroptosis [19].
Based on these experimental findings, it is suggested that
post-translational modifications of proteins play a protective
role in vascular endothelial injury caused by LPS or other
injurious factors.

Glycosylation, including O-GlcNAcylation, is known
to regulate protein—protein interactions [23, 30, 39]. Pre-
vious studies have demonstrated that O-GIcNAcylation of
RIPK3 blocks the interaction between RIPK3 and RIPK1
or RIPK3 and itself, thereby inhibiting downstream signal-
ing activation [21]. Similarly, increased O-GlcNAcylation
of A20 enhances its binding to TAX1BPI1, a regulatory
protein for A20 activity [27]. In our study, we found that
O-GlcNAcylation of GSDMD on Ser-338 inhibits its inter-
action with Caspase-4. O-GIcNAc modification of proteins
may induce conformational changes that affect the exposure
of specific protein sequences, potentially altering the inter-
mediate junction region of GSDMD or the binding site for
Caspases in its C-terminal region. The specific mechanism
by which Ser-338 sites of GSDMD affect Caspases-GSDMD
interaction will be further investigated in future studies. It's
important to note that besides glycosylation, other post-
translational modifications such as phosphorylation, acety-
lation, and ubiquitination can also regulate protein function
[40, 41]. Whether these modifications occur in GSDMD
and contribute to its functional changes will require further
experimental validation.

Although we have identified the role and mechanism of
O-GlcNAc modification of GSDMD in LPS-induced pyrop-
tosis, a comprehensive review is still needed to fully under-
stand the effects of O-GIlcNAcylation on pyroptosis. It is
important to acknowledge that our study does not exclude
the possibility of O-GIcNAc modification on GSDME,
another protein involved in pyroptosis, and its potential role
in regulating cell pyroptosis. GSDMD has been recognized
as the primary substrate for Caspases in pyroptosis, par-
ticularly in sepsis, while GSDME mediates pyroptosis in
other diseases [11]. In a study utilizing mice lacking only
Caspase-1, where a Caspase-11 bacterial artificial chro-
mosome transgene was microinjected into Caspase-1/11
double-knockout embryos, the authors demonstrated that
Caspase-1-independent noncanonical pathways mediated

by Caspase-11 promoted lethal septic shock following LPS
challenge. They found that cytosolic LPS-mediated pyrop-
tosis was the main driver for septic shock, highlighting the
crucial role of Caspase-4/5/11 as LPS receptors [12].

In conclusion, our study revealed that GSDMD under-
goes O-GIcNAc modification, and this modification plays
a crucial role in suppressing pyroptosis by preventing the
interaction between Caspases and GSDMD. Moreover,
increasing O-GlcNAcylation promoted organ blood flow
perfusion and protected against vascular endothelial dys-
function in a mouse sepsis model. These findings provide
novel insights into the regulatory role of O-GlcNAcylation
in pyroptosis during bacterial infections. Targeting GSDMD
O-GlcNAcylation could be a potential therapeutic approach
for the treatment of sepsis.
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