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Promoting the transition from pyroptosis

to apoptosis in endothelial cells: a novel
approach to alleviate methylglyoxal-induced
vascular damage
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Abstract

Background Methylglyoxal (MGO)-induced cell death in vascular endothelial cells (VECs) plays a critical role in

the progression of diabetic vascular complications (DVCs). Previous studies have shown that MGO can induce
inflammatory pyroptosis, leading to VEC damage. However, the underlying mechanism remains unclear, and effective
interventions are yet to be developed.

Methods Human umbilical vein endothelial cells (HUVECs) were used for in vitro experiments. Cell death

modes were assessed through morphological observations. Mechanistic investigations were performed using
immunofluorescence, flow cytometry, Western blotting, and ELISA. Inhibitors and adenoviruses were employed to
validate the mechanisms. Vascular organoids in conjunction with AngioTool plug-in assays were used to evaluate
VEC damage and angiogenic capacity. Mouse blood pressure was measured using the tail-cuff method, and vascular
morphology was examined through hematoxylin and eosin (H&E) staining as well as immunofluorescence staining.
Data were analyzed using the GraphPad Prism software.

Results Our study revealed that MGO induces pyroptosis in VECs via the Caspase3/gasdermin E (GSDME) pathway.
Furthermore, the saponin monomer 13 of dwarf lilyturf tuber (DT-13), inhibited MGO-induced pyroptosis and
promoted the generation of apoptotic bodies, facilitating the transition from pyroptosis to apoptosis. Mechanistically,
DT-13 suppressed the Caspase3-mediated cleavage of GSDME and non-muscle myosin heavy chain 1A (NMMHC 11A),
while increasing the phosphorylation of myosin light chain 2 (MLC2), which facilitated apoptotic body formation.
Additionally, DT-13 was shown to mitigate VEC damage, inhibit angiogenesis, reduce vascular remodeling, and
alleviate MGO-induced hypertension.

Conclusions This study uncovers a novel mechanism through which MGO induces VEC damage, highlighting the
therapeutic significance of the transition from pyroptosis to apoptosis in this process. These findings suggest potential
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therapeutic strategies for managing diabetic angiopathy. Furthermore, DT-13 emerges as a promising compound for
therapeutic intervention, offering new possibilities for clinical applications.
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Introduction
Cell death is a fundamental process through which organ-
isms respond to external stimuli and maintain homeosta-
sis [1]. Historically, cell death pathways were considered
distinct, with minimal overlap [2]. For example, pyrop-
tosis and apoptosis—both forms of programmed cell
death (PCD) mediated by caspase proteins—were once
thought to operate independently [1, 3, 4]. Apoptosis is
primarily triggered by death receptors (e.g., DR3/4/5, Fas,
TNFR1/2) [5], mitochondrial outer membrane permeabi-
lization (MOMP) [6, 7], the translocation of Bad/Bax pro-
teins to the outer mitochondrial membrane [8], and the
release of apoptotic protease activating factor-1 (Apaf-
1) [9, 10], cytochrome c [11, 12], and dATP [9], leading
to the activation of Caspase8/9, which in turn activates
Caspase3/7. The activated Caspase3/7 then trigger a cas-
cade of reactions that execute apoptosis [13, 14]. In con-
trast, pyroptosis is triggered through both classical and
non-classical pathways that activate Caspasel/4/5/11,
resulting in the cleavage of gasdermin D (GSDMD), and
the generation of N-terminal fragments that target the
plasma membrane to form pores, which induces pyrop-
tosis [15, 16]. Thus, it was previously believed that Cas-
pase3 activation and GSDMD cleavage were unique
features of apoptosis and pyroptosis, respectively [17, 18].
However, recent studies have shown that GSDME,
another member of the gasdermin family, can be cleaved
by Caspase3 at its Asp270 position, generating N-termi-
nal fragments that trigger pyroptosis [19]. This discovery
challenges the notion that pyroptosis and apoptosis are
independent processes. Consequently, the concept of a
“Caspase3/GSDME signaling pathway” has emerged as a
switch for transitioning between apoptosis and pyropto-
sis, revealing interconnected signaling pathways between
these two forms of cell death [17, 18]. Modulating key
molecules within these pathways can induce a switch
in the mode of cell death. A growing body of literature
supports this idea. For instance, studies suggest that the
transition from apoptosis to pyroptosis can be thera-
peutically exploited in cancer treatment. High expres-
sion of GSDME enables traditional chemotherapy agents
like Cisplatin and Paclitaxel to activate the Caspase3/
GSDME pathway and induce pyroptotic cell death [20].
Additionally, compounds like the piperlongumine ana-
logue L50377 enhances this process by increasing reac-
tive oxygen species (ROS) [21]. This transition has also
been demonstrated in various cancer models, including
melanoma, osteosarcoma, and gastrointestinal cancers
[18], highlighting the potential for improving treatment

efficacy by modulating cell death pathways. However,
further exploration is needed to identify specific mecha-
nisms and potential interventions in other diseases, such
as cardiovascular diseases. This is particularly important,
as clarifying these mechanisms would contribute signifi-
cantly to achieving effective, mechanism-based treatment
outcomes for cardiovascular diseases.

DVCs are major causes of morbidity and mortality in
diabetic patients [22]. Recent research has identified
MGO, a non-enzymatic byproduct of glucose metabo-
lism, as a key factor in the progression of DVCs [23-26].
MGO accumulates pathologically in VECs and triggers
a series of pathological processes, including oxidative
stress, inflammation, and cell death [27-30]. Studies
suggest that MGO induces various modes of cell death
in VECs, including apoptosis via excessive mitochon-
drial ROS accumulation and dysregulation of endothelial
nitric oxide synthase (eNOS) [31, 32], as well as pyrop-
tosis via the NLRP3 inflammasome [33]. These findings
underscore the complexity of MGO-induced cell death
in VECs. However, the intrinsic connections and shared
mechanisms between MGO-induced pyroptosis and
apoptosis, as well as the pathways governing their con-
version remain unclear, and effective therapeutic strate-
gies are still lacking. This study aims to address this gap
by investigating the molecular mechanisms underly-
ing MGO-induced pyroptosis in VECs through in vitro
experiments and identifying potential therapeutic agents
that could promote the transition from pyroptosis to
apoptosis.

We employed HUVECs as a model system, using a
combination of morphological observations, Western
blotting, flow cytometry, and immunofluorescence tech-
niques to systematically study the effects of MGO on
VEC pyroptosis and the associated signaling pathways.
Our findings demonstrate that MGO induces GSDME-
dependent pyroptosis in HUVECs. Based on this, we
screened the natural compound DT-13, which effectively
inhibits MGO-induced pyroptosis in HUVECs and pro-
motes the conversion of pyroptotic cells to apoptotic
ones. Furthermore, we explored the regulatory effects
of DT-13 on the pyroptosis-apoptosis transition (PAT)
and its underlying molecular mechanisms, revealing its
association with Rho-associated coiled-coil containing
protein kinase (ROCK)-mediated MLC2 phosphoryla-
tion and NMMHC IIA protein regulation. Finally, the
DT-13 protective effects on VECs and blood vessels were
confirmed using vascular organoids and mouse mod-
els. Thus, this study investigates potential intervention
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strategies against MGO-induced endothelial cell dam-
age by switching cell death modes, contributing to a bet-
ter understanding of DVC pathogenesis and offering new
insights for treatment strategies.

Methods

Cell culture and treatment

HUVECs and human embryonic stem cell line H9
(hESCs) were obtained from the ATCC. HUVECs were
cultured in ECM (#1001, Sciencell, USA) supplemented
with 5% fetal bovine serum (FBS), 100 U/mL penicil-
lin, and 100 pg/mL streptomycin. hESCs (H9) were
cultured in mTeSRTM Plus Basal Medium (100-0274,
STEMCELL, CA) with mTeSRTTM Plus 5 x Supplement
(100-0275, STEMCELL) in Matrigel (354234, Corning,
USA)-coated 6-well plates. Cells were passaged when
they reached 70-80% confluence, and the medium was
replenished every two days.

In the experiment to investigate the effects of MGO
(M0252, Sigma, USA), various inhibitors, including
N-Acetylcysteine (NAC, 10 pM, S1623, Selleck, USA),
Z-VAD-FMK (30 pM, S7023, Selleck), and Z-DEVD-
EMK (30 puM, S7312, Selleck), were administered 2 h
prior to MGO treatment. DT-13 (1 pM, 130551-41-6,
MCE, China) was administered 6 h prior to MGO. Addi-
tionally, Y27632 (5 uM, Y0503, Sigma) and Blebbistatin
(Bleb, 5 uM, HY-13441, MCE) were added 2 h before
DT-13 treatment to evaluate their effects on the PAT.
Furthermore, calcium-free medium (PWL034, Meilun-
bio, China) and 1 mM Ca** (CaCl,, 449709, Sigma) were
used to explore the effect of Ca®* on DT-13.

CCK-8 assay

To establish the optimal dosages of MGO and DT-13,
HUVECs were seeded in 96-well plates at a density of
1x10* cells per well to reach approximately 70% con-
fluence. After adherence, the cells were treated with
FBS-free medium for 6 h. Subsequently, different con-
centration MGO (0, 0.2, 0.4, 0.8 and 1.6 mM) and DT-13
(0, 0.01, 0.1, 1, and 10 uM) were added to the medium
followed by additional 24 h of incubation. Finally, a
microplate reader (TECAN Spark, Austria) was used to
measure the absorbance at 450 nm after adding CCK-8
reagent solution according to the manufacturer’s instruc-
tions to calculate cell viability.

Crystal violet stain and ROS detection

HUVECs were adhered to 6-well plates and treated in
serum-free medium for 6 h, followed by treatment with
medium containing different concentrations of MGO
(MGO: 0, 0.2, 0.4, 0.8 and 1.6 mM) for 24 h and photo-
graphed. Cell viability was assessed via crystal violet
staining, and images were captured using a digital camera
(Canon70D, Japan). To assess ROS production, cells were

Page 3 of 21

incubated with 10 uM 2;7’-dichlorodihydrofluorescein
diacetate (DCFH-DA) (S0033M, Beyotime) in serum-free
medium at 37 °C for 20 min. ROS levels were visualized
and captured using a fluorescence microscope (Leica
DM4B, Germany), with excitation and emission wave-
lengths of 488 nm and 525 nm.

Flow cytometry analysis

Cell samples for flow cytometry were collected via cen-
trifugation and gently resuspended in 100 pL of stain-
ing buffer (E-CK-A107, Elabscience, China). The cells
were then stained with 5 pL of Annexin V-FITC solution
(E-CK-A111, Elabscience) and 10 uL of propidium iodide
(PI, E-CK-A161, Elabscience). After a 20-minute incu-
bation in the dark at room temperature, 400 pL of addi-
tional staining buffer was added. Samples were analyzed
using a BD Aria III flow cytometer (USA).

Western blotting

Samples were harvested and lysed in lysis buffer, with
15 pg of protein was used for analysis. Protein samples
were separated by 10-12% SDS-PAGE and subsequently
transferred to a PVDF membrane (BSP0161, PALL, USA).
The membrane was incubated with the primary antibod-
ies listed below: rabbit anti-GSDME (ab215191, Abcam),
rabbit anti-VE-Cadherin (ab33168, Abcam), rabbit
anti-Caspase3 (9662 S, CST, USA), rabbit anti-MLC2
(3672 S, CST), rabbit anti-phospho-myosin light chain
2(p-MLC2) (3671 S, CST), rabbit anti-PARP (ET608-56,
HuaBio, China), rabbit anti-Cleaved-PARP (ET1608-10,
HuaBio), and rabbit anti-Myosin heavy chain 9 (MYH9)
(11128-1-AP, Proteintech). After washing, the membrane
was incubated with horseradish peroxidase-conjugated
secondary antibodies, and the immunoreactivity was
detected using enhanced chemiluminescence (SQ201,
Epizyme, China). Anti-B-actin (ab8226, Abcam) was used
as a loading control to verify equal protein loading.

LDH and IL-18 measurement

The supernatant of the cell culture was collected to mea-
sure the lactate dehydrogenase (LDH) content using
an LDH assay kit (A020-2-2, Njjcbio, China). Addition-
ally, the supernatant was used to measure the content of
interleukin 18 (IL-18) using an IL-18 ELISA kit (E-EL-
HO0253, Elabscience). Following the manufacturer’s pro-
tocols, the optical density (OD) values of LDH and IL-18
were detected using a microplate reader (TECAN Spark,
Austria) at wavelengths of 440 nm and 450 nm, and the
concentrations were calculated.

Morphological observation of apoptotic bodies

HUVECs were cultured in 6-well plates and subjected to
various treatments to induce apoptosis. After treatment,
morphological changes were observed, and recorded
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using an inverted microscope (Olympus CKX53, Japan).
Images were captured to assess the effects of the treat-
ments on cellular morphology, focusing particular on
cell shrinkage, membrane blebbing, and the formation of
apoptotic bodies.

MYH9 adenovirus infection

HUVECs were cultured in 10 cm diameter dishes at a
cell density of approximately 30%. After the cells had
adhered, a multiplicity of infection (MOI) of 150 for both
MYH9 overexpressing adenovirus and negative control
adenovirus (both obtained from Vigene Biosciences,
China) was added, respectively. After a 12-hour infection,
the medium was replaced with fresh medium contain-
ing 2% FBS, and the cells were cultured for an additional
72 h. The cells were then digested and seeded onto 6-well
plates at a density of approximately 70%. After adhering,
the cells were subjected to various treatments and subse-
quently observed and photographed.

Construction of hVOs and morphological analysis
Human vascular organoids (hVOs) were constructed
according to methods described in previous literature
[34]. Firstly, hESCs (H9) were aggregated in suspen-
sion culture. To induce mesodermal differentiation, the
medium consisted of 50% Neurobasal medium and 50%
DMEM/F12, supplemented with 0.5% Glutamax, 2%
B27, 1% N2 supplement, 1% P/S (all from Gibco), 0.143
mM [-mercaptoethanol (f-me, 516732, Sigma), 30 ng/
mL BMP4 (HZ-1045, Proteintech, China), and 12 pM
CHIR99021 (A3011, APExBIO, USA). After 3 days of
differentiation, the medium was replaced with vascular
lineage induction medium, comprising 50% Neurobasal
medium, 50% DMEM/F12, 0.5% Glutamax, 2% B27, 1%
N2 supplement, 1% P/S, 0.143 mM B-me, 100 ng/mL
VEGFA (HZ-1038, Proteintech), and 2 pM Forskolin
(F3917, Sigma). On day 8, the medium was changed to
StemPro®-34 SFM medium (10640-019, Gibco) supple-
mented with 1% Glutamax, 1% P/S, 15% FBS, 100 ng/
mL FGF-2 (100-18B-100, Peprotech, USA), and 100 ng/
mL VEGFA. From day 10 onwards, cell aggregates were
embedded in a composite hydrogel (collagen: Matri-
gel=3:1, v/v) and cultured in the vascular network pro-
motion medium, with medium changes every 3 days
thereafter. After 5 days of incubation, the hVOs were
ready for characterization and subsequent application.
The images of hVOs were captured using an inverted
microscope (Olympus CKX53, Japan) and then bina-
rized with Image] software (1.53 K, NIH) The binarized
vascular networks were subsequently analyzed using the
AngioTool plug-in. Statistical analysis of parameters,
including the number of nodes, junctions, segments,
branches, and total lengths of segments and branchs, was
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performed using Prism software (10.2.3, GraphPad Soft-
ware, Inc).

Blood pressure monitoring in mice

Blood pressure of 8-week-old male C57BL/6 mice was
measured with the tail-cuff method (Softron BP2010,
China). To minimize fluctuations related to stress, blood
pressure was measured daily for one week prior to the
experiment to allow the mice to acclimate to their envi-
ronment. The mice were divided into four groups: Con-
trol, MGO model, DT-13 treatment (5 mg/kg), and
DT-13 treatment (10 mg/kg). The treatment protocols
were as follows:

A. Intraperitoneal Injection: Mice in the DT-13
treatment and MGO model groups received an
intraperitoneal injection of 50 mg/kg MGO (10 pg/
uL) daily, while the control mice received saline daily.

B. Oral Gavage: Mice in the DT-13 treatment groups
received 5 mg/kg or 10 mg/kg DT-13 (1 pg/pL),
while the control and MGO model groups received
the corresponding vehicle solution (0.5% CMC-Na
solution containing 0.1% DMSO) daily.

The duration of the experiment was 3 weeks, dur-
ing which blood pressure was measured and recorded
weekly. All mice were obtained from the Animal Experi-
ment Center of Dalian Medical University, and the ani-
mal experimentation protocol was approved by the
Animal Ethics Committee of Dalian Medical University.

H&E and immunofluorescence staining

Samples were fixed in 4% paraformaldehyde solution
(G1101, Servicebio, China) for 24 h. After being dehy-
drated in 20% sucrose solution for over 48 h, the mes-
entery was embedded in optimal cutting temperature
compound (OCT) and sectioned to a thickness of 5 pm.
Sections were stored at -20 °C. For H&E staining, sec-
tions were rinsed with phosphate-buffered saline (PBS),
stained with hematoxylin dye for 2 min, differentiated
using 1% hydrochloric acid, and then washed with dis-
tilled water. Eosin dye was then applied, and excess dye
was removed. The samples were subsequently dehy-
drated, sealed, and observed under a microscope.

For immunofluorescence staining, tissue sections or
fixed cells were permeabilized with 0.1% Triton X-100
and subsequently blocked with 5% BSA at room tempera-
ture for 1 h. The samples were then incubated overnight
at 4 °C with primary antibodies against MYH9 (11128-
1-AP, Proteintech), a-SMA (Mouse monoclonal, A5228,
Sigma), and CD31 (Rabbit monoclonal, ab182981,
Abcam). Following this, samples were incubated with
Alexa Fluor® 488-labeled goat anti-rabbit and mouse IgG
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(ZF-0511/ZF-0512, ZSGB-BIO, China) and Alexa Fluor®
594-labeled goat anti-rabbit IgG (ZF-0516, ZSGB-BIO).

For cytoskeletal staining, samples were incubated in
the dark with Rhodamine Phalloidin (C2205S, Beyotime,
China) diluted 1:200 at room temperature for 1 h. Nuclei
were counterstained with DAPI (C0060, Solarbio) at
room temperature for 20 to 30 min.

For whole-mount immunostaining of hVOs, all proce-
dures adhered to the standard immunofluorescence pro-
tocol described above, with extended incubation times,
specifically, 4 h for permeabilization and 2 h for blocking.
After blocking, samples were incubated with Alexa Fluor®
647-conjugated CD31 antibody (558094, BD Biosciences,
USA) at 4 °C for 16 to 20 h in the dark. Following incuba-
tion, organoids were washed twice with PBS, and nuclei
were counterstained with DAPI for 2 h. Fluorescent
images were captured, processed, and saved using a laser
confocal microscope (SP8, Leica).

Statistical analysis

The data are expressed as the mean +SD, and statistical
analysis was performed using Student’s t-test for compar-
isons between two groups. Normality was assessed with
the D’Agostino-Pearson omnibus test, and homogeneity
of variances was evaluated with the Brown-Forsythe test.
Differences among multiple groups were analyzed using
one-way or two-way ANOVA, followed by appropriate
post-hoc tests. A significance level of P<0.05 was consid-
ered statistically significant. All experiments were con-
ducted in triplicate unless otherwise specified.

Results

MGO reduces HUVEC viability and induces cell death
Treatment of HUVECs with MGO resulted in a marked
decrease in cell viability at elevated concentrations of
>0.8 mM (Fig. 1A). Crystal violet staining further dem-
onstrated a gradual reduction in surviving cells as the
MGO concentration increased (Fig. 1B).

Morphological analysis revealed that, as MGO con-
centration increased, the HUVECs transitioned from
a tightly arranged cobblestone-like to a rounded shape
(Fig. 1C). Additionally, significant intracellular ROS accu-
mulation was observed in the MGO-treated HUVECs
at concentrations of 0.8 mM or higher (Fig. 1D), which
is suggesting that ROS play a critical role in inducing
HUVEC death. Consistent with this, HUVECs that were
dead after MGO treatment exhibited substantial PI stain-
ing, indicating an intense mode of cell death (Fig. 1E).
Flow cytometry further demonstrated that MGO expo-
sure increased the proportion of Annexin V-positive/PI-
positive cells, while decreasing the proportion of viable
cells (Annexin V/PI-negative) (Fig. 1F). These findings

Page 5 of 21

collectively suggest that MGO-induced VEC death is
associated with enhanced ROS production and mem-
brane damage.

MGO triggers pyroptosis in HUVECs via ROS/Caspase-3/
GSDME signaling pathway

To evaluate the impact of MGO treatment on HUVECs,
cell morphology was examined under a phase-contrast
microscope at various time points following the admin-
istration of 0.8 mM MGO. Six hours after treatment,
HUVECs exhibited cellular shrinkage, and cell death
occurred within 24 h. Additionally, distinct bubble-like
protrusions, characteristic of pyroptotic cells, were evi-
dent (Fig. 2A), suggesting that MGO treatment induces
pyroptosis [19]. Western blotting revealed a significant
upregulation of GSDME-NT expression in HUVECs fol-
lowing MGO treatment (Fig. 2B, C). These findings con-
firm that MGO induces pyroptosis in HUVECs. Given
that 1.6 mM MGO caused excessive cell death, while
0.8 mM MGO significantly increased GSDME-NT lev-
els, we selected 0.8 mM MGO for all the subsequent
experiments.

To elucidate the specific pathways involved in MGO-
induced pyroptosis, we employed several inhibitors to
pharmacologically block distinct stages of the pyroptotic
process. As previously reported, MGO treatment led to a
significant increase in intracellular ROS levels (Fig. 1D).
Excessive ROS disrupts the redox balance, thereby acti-
vating Caspase-mediated cell death, including Caspase3
activation [35]. Therefore, HUVECs were treated with the
ROS inhibitor NAC, the pan-Caspase inhibitor Z-VAD-
FMK, and the specific Caspase3 inhibitor Z-DEVD-FMK.

Both NAC and Z-VAD-FMK effectively inhibited
MGO-induced cell death and suppressed the character-
istic “bubbling” phenomenon associated with pyroptosis
(Fig. 2D). Western blotting confirmed that MGO treat-
ment upregulation of GSDME-NT and cleaved Caspase3,
whereas pretreatment with NAC and Z-VAD-FMK com-
pletely blocked these changes (Fig. 2E, F).

Furthermore, pretreatment of cells with the Caspase3-
specific inhibitor Z-DEVD-FMK (ZDF) effectively sup-
pressed the MGO-induced upregulation of cleaved
Caspase3 and GSDME-NT (Fig. 2E, F), although it did
not fully prevent cell death. Morphologically, pretreat-
ment with Z-DEVD-FMK reduced MGO-induced cel-
lular bubble-like protrusions, replacing them with cell
shrinkage, a feature more characteristic of apoptosis
(Fig. 2D). Further experiments revealed that, despite Cas-
pase3 inhibition, MGO-induced cell death continued via
cleaved Caspase7 mediation (Figure S1A). Collectively,
these results suggest that MGO induces pyroptosis in
HUVEC:s through an ROS/Caspase3/GSDME pathway.
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Fig. 1 MGO induces VECs death in a dose dependent manner. A. HUVECs were treated with different concentrations of MGO for 24 h and the cell vi-
ability was detected by CCK-8 (Statistical analysis was performed using one-way ANOVA, followed by Dunnett test, n=4). B. Crystal violet staining was
performed to evaluate the viability of cells after 24 h of MGO treatment. Scale bar =5 mm. C. After treating cells with different concentrations of MGO for
24 h, the cell morphology was evaluated. Scale bar =50 um. D. ROS content of HUVECs treated with different concentrations of MGO for 6 h was detected
by DCFH-DA staining. Scale bar =20 um. E. Pyridine iodide (Pl) and Hoechst staining analysis of the proportion of living cells (blue) and dead cells (red)
in HUVECs after treatment with different concentrations of MGO for 24 h. Scale bar =100 um. F. Flow cytometry detection of Annexin V and PI positive
cells in HUVECs after treatment with different concentrations of MGO (same as A) for 24 h. Statistical analysis showed the percentage distribution of cells
within different treatment groups, where Q1 represents Annexin V-negative/Pl-positive, Q2 represents Annexin V-positive/Pl-positive, Q3 represents An-
nexin V-positive/Pl-negative, and Q4 represents Annexin V-negative/Pl-negative (Statistical analysis was performed using two-way ANOVA, followed by
Dunnett test, n=3). Data were presented as mean=+SD, *P<0.05, ***P < 0.001

DT-13 prevents MGO-induced HUVEC pyroptosis by
inhibiting GSDME-NT production

The natural product DT-13, classified as a member of
the saponins (Fig. 3A), exhibits diverse pharmacologi-
cal effects, including anti-inflammatory, antioxidant, and
insulin-sensitizing properties [36, 37]. The safe concen-
tration of DT-13 was first determined by a CCK-8 assay,
showing that DT-13 at concentrations below 1 puM is
non-toxic to VECs (Fig. 3B). Notably, pretreatment with
DT-13 effectively mitigated MGO-induced HUVECs
death and the upregulation of GSDME-NT in a dose-
dependent manner (Fig. 3C, D). Furthermore, we found
that pretreatment with DT-13 reduced the expression of
cleaved Caspase3, which subsequently led to a decrease
in the generation of GSDME-NT (Fig. 3E, F). Thus, the
functional activity of DT-13 is like that of the Caspase 3
inhibitor Z-DEVD-FMK but differs in that DT-13 could
inhibit the expression of cleaved Caspase7 induced by
MGO (Figure S1B).

To clarify DT-13 specifically targets Caspase3 instead
of GSDME, we examined the cleavage levels of Caspase3
downstream proteins, such as GSDME and PARP. The
cleavage of both GSDME and PARP was significantly
inhibited by DT-13 (Fig. 3F, G). This finding supports
that DT-13 effectively suppresses MGO-induced pyrop-
tosis by inhibiting cleaved Caspase3 and GSDME-NT.
Additionally, DT-13 treatment was found to rescue the
decreased expression of VE-Cadherin caused by MGO
treatment (Fig. 3H). However, despite the protective
effect of DT-13 on VECs, it failed to completely abrogate
MGO-induced cell death. This could be attributed to the
involvement of other modes of death.

DT-13 induces PAT by promoting apoptotic bodies
formation

Under phase-contrast microscopy, pretreatment with
DT-13 induced significant morphological changes in
cells exposed to MGO-induced cell dead. Specifically, the
number of pyroptotic cells with bubble-like protrusions
decreased, while the number of apoptotic cells increased
(Fig. 4A, B). In these apoptotic cells, extracellular vesicles
of varying sizes aggregated around the shrunken nucleus,
forming apoptotic bodies that dispersed into the medium
under external forces, such as the physical agitation of

the culture dish (Fig. 4C). This phenomenon was more
evident in the culture medium. As shown in Fig. 4D,
unlike the culture medium from the MGO group, which
contained many pyroptotic cells, the medium from the
DT-13-pretreated group showed a significantly higher
number of apoptotic bodies (diameter approximately
1-5 pum).

Flow cytometry analysis further demonstrated that
DT-13 pretreatment significantly increased the propor-
tion of apoptotic bodies among the MGO-induced dead
cells, as well as the ratio of Annexin V-positive/PI-pos-
itive cells in these apoptotic bodies (Fig. 4E, F). Immu-
nofluorescence staining revealed that MGO-induced cell
death resulted in cell swelling, with Annexin V-positive
membranes compressed to one side. The opposite side
thinned and developed bubble-like structures that were
prone to rupture, facilitating the release of DNA, nucleic
acids, and other cellular contents. In contrast, DT-13 pre-
treatment promoted the formation of apoptotic bodies in
the damaged cells, with Annexin V-positive membranes
fully encapsulating cellular contents, thereby preventing
content leakage (Fig. 4G).

Additionally, the levels of LDH and IL-18 in the super-
natant significantly increased following MGO treat-
ment, whereas DT-13 pretreatment effectively reduced
the release of these inflammatory substances induced by
MGO (Fig. 4H). These findings suggest that DT-13 can
convert MGO-induced pyroptosis into apoptosis, thereby
mitigating the inflammatory response triggered by the
release of cellular contents from the pyroptotic cells.

DT-13 promotes cytoskeleton rearrangement-related
apoptotic body formation through MLC2 phosphorylation
To investigate how DT-13 induces the formation of apop-
totic bodies, we first examined its impact on cytoskeletal
arrangement given the crucial role of the cytoskeleton in
this process. With increasing concentrations of MGO, the
originally well-organized cytoskeleton became disorga-
nized and degraded (Fig. 5A). However, this damage was
ameliorated after DT-13 treatment, as evidenced by their
improved cytoskeletal reorganization and the formation
of peripheral rings (Fig. 5B). It is well-documented that
the disappearance of cellular stress fibers and the reorga-
nization of actin into peripheral rings are key events in
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Fig.2 MGO induces HUVECs pyroptosis via ROS/Caspase3/GSDME pathway. A. The representative morphology and the phenotype of bubbles of pyrop-
tosis cells (red arrows) after 0.8 mM MGO treatment for HUVECs at 0, 6 and 24 h. Scale bar =50 um. B and C. HUVECs were treated with different concen-
trations of MGO (0, 0.2, 0.4, 0.8 and1.6 mM) for 24 h, the expression of GSDME-FL and GSDME-NT was detected by Western blotting (B). Statistical analysis
was performed using Image J (C) (Statistical analysis was performed using one-way ANOVA, followed by Dunnett test, n=4). D. Crystal violet staining and
morphology showed the effect of NAC, Z-VAD-FMK (ZVF), and Z-DEVD-FMK (ZDF) on MGO-induced HUVECs death (red arrow: pyroptosis; yellow arrow:
apoptosis). Crystal violet staining: scale bar =5 mm, and the morphology analysis: scale bar =50 um. E and F. Western blotting was performed to analyze
the expression levels of GSDME-FL, GSDME-NT, Pro Caspase3, and Cleaved Caspase3 in different inhibitor groups (E). Statistical analysis was performed
using Image J (F). (Statistical analysis was performed using one-way ANOVA, followed by Dunnett test, n=3). Data were presented as mean + SD, *P < 0.05,

*#*P<0.01,**P<0.001 vs. MGO group

apoptotic body formation [38]. Thus, our observations
here strongly suggest that cytoskeletal rearrangement
plays a significant role in DT-13-induced apoptosis.

Additionally, we observed that the formation of apop-
totic bodies induced by DT-13 was significantly inhibited
in the absence of Ca®" (Fig. 5C). Given that Ca®" coop-
erates with ROCK via Calmodulin (CaM) to enhance
the phosphorylation of the cytoskeletal protein MLC2,
HUVECs were treated with the ROCK inhibitor Y27632.
This treatment significantly inhibited the apoptotic effect
induced by DT-13 (Fig. 5D). Moreover, compared to the
MGO-only group, DT-13 pretreatment significantly
enhanced the phosphorylation level of MLC2 (Fig. 5E).
These results strongly suggest that DT-13 promotes
apoptotic body formation in MGO-treated HUVECs
through the Ca?*/ROCK/p-MLC2 pathway.

DT-13 inhibits MGO-induced cleavage of non-muscle
myosin heavy chain (NMMHC IIA)
NMMHC IIA is known to facilitate extracellular vesicle
formation by interacting with cytoskeletal proteins such
as microfilaments, it utilizes ATP hydrolysis-driven myo-
sin movement to generate force, contributing to the for-
mation of vesicles, including apoptotic bodies [39-42].
In this study, NMMHC IIA protein expression signifi-
cantly increased in both the MGO-only and DT-13 pre-
treated groups, with no significant difference between
them (Fig. 6A). However, further investigation revealed
differences in the distribution of NMMHC IIA between
the two groups of cells. Specifically, MGO treatment
caused NMMHC IIA protein to disperse throughout the
cytoplasm, rather than clustering around the cytomem-
brane. In contrast, in DT-13 pre-treated cells, NMMHC
ITA localized preferentially at the cytomembrane and
around apoptotic bodies, co-localizing with the cytoskel-
eton and accompanied by evident cytoskeletal rearrange-
ment (Fig. 6B). These findings suggest that NMMHC IIA
is involved in DT-13-induced apoptotic body formation.
Additionally, an enhanced cleavage of NMMHC IIA
was observed following MGO treatment. Specifically,
the Western blotting revealed a cleavage fragment with
a molecular weight (MW) of approximately 100 kDa,
significantly lower than the original 224 kDa MW of
NMMHC IIA. Protein mass spectrometry further con-
firmed this fragment as a cleavage product of NMMHC

IIA (Fig. 6D; Figure S2). Based on the MW and peptide
data (Table S1, S2), we speculate that the cleavage occurs
at the head-tail junction site of NMMHC IIA, leading to
a loss of structural integrity and affecting its function-
ality. These data also help interpret the morphological
changes observed in MGO-treated HUVECs.

To elucidate the molecular pathway of NMMHC IIA
cleavage induced by MGO, we employed inhibitors
NAC, Z-VAD-FMK, and Z-DEVD-FMK to examine the
involvement of the ROS/Caspase pathway. Our results
showed that pretreatment with NAC, Z-VAD-FMK, and
Z-DEVD-EMK not only significantly inhibited MGO-
induced pyroptosis in HUVECs but also suppressed
the production of cleaved-NMMHC IIA (Fig. 6E). This
suggests that MGO-induced cleavage of NMMHC IIA
induced by MGO is mediated through the ROS/Cas-
pase pathway, with Caspase3 playing a significant role in
this process. Furthermore, DT-13 significantly inhibited
MGO-induced cleavage of NMMHC IIA (Fig. 6F), sug-
gesting that NMMHC IIA contributes to DT-13-induced
apoptotic body formation.

To validate this hypothesis, we used Bleb a potent
inhibitor of ATPase activity in NMMHC IIA, and an
NMMHC IIA overexpression adenovirus (MYH9-OE)
to assess the role of NMMHC IIA. Our results showed
that Bleb inhibited DT-13-induced apoptotic body for-
mation in HUVECs (Fig. 6G). However, overexpression
of NMMHC IIA did not inhibit MGO-induced pyrop-
tosis in HUVECs but significantly enhanced DT-13-trig-
gered apoptotic body formation (Fig. 6H). Collectively,
these data demonstrate that although MGO upregulated
NMMHC IIA expression, its activity was compromised
by Caspase3-mediated cleavage, thereby inhibiting apop-
totic body formation. DT-13 effectively prevents MGO-
induced cleavage of NMMHC IIA, promoting its role
in apoptotic body formation and transforming the cell
death mode from pyroptosis to apoptosis.

DT-13 alleviates MGO-induced vascular lesions and
dysfunction by protecting VECs

To further investigate the protective effect of DT-13 on
MGO-induced vascular damage at the tissue and organ
levels, we employed mouse ex vivo mouse vascular rings,
human pluripotent stem cell-derived hVOs, and a mouse
animal model to assess its protective impact.
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Fig. 3 DT-13 inhibited MGO-induced HUVECs pyroptosis by inhibiting GSDME-NT production. A. Representative pictures of Ophiopogon japonicus and
the structural formula, CAS number, molecular formula, and molecular weight of DT-13. Scale bar =1 cm. B. The cell viability of HUVECs exposed to differ-
ent concentrations of DT-13 for 24 h was detected by CCK-8 assay and expressed as a percentage of the control group. (Statistical analysis was performed
using one-way ANOVA, followed by Dunnett test, n=4). C. Representative morphology of HUVECs after pretreatment with 0.01, 0.1, and 1 uM DT-13 for
6 h and exposure to MGO (0.8 mM) for 24 h (white dots were dead cells). Scale bar =100 um (top)/50 um (bottom). D. HUVECs were pretreated with
DT-13 at varying concentrations for 6 h and exposed to MGO (0.8 mM) for 24 h. Western blotting detected the protein levels of GSDME-FL and GSDME-NT
in HUVECs after various treatment groups, and the statistical analysis was performed using Image J. (Statistical analysis was performed using one-way
ANOVA, followed by Tukey test, n=4). E-H. HUVECs were pretreated with DT-13 (1 uM) for 6 h and exposed to MGO (0.8 mM) for 24 h. Western blotting
was employed to detect the protein expressions of Pro-Caspase3, Cleaved Caspase3 (E) (statistical analysis was performed using one-way ANOVA, fol-
lowed by Tukey test, n=3), GSDME-FL, GSDME-NT (F) (Statistical analysis was performed using one-way ANOVA, followed by Tukey test, n=6), PARP and
Cleaved PARP (G) (Statistical analysis was performed using one-way ANOVA, followed by Tukey test, n=3), and VE-Cadherin (H) (Statistical analysis was
performed using one-way ANOVA, followed by Tukey test, n=3). The statistical analysis was performed using Image J. Data were presented as mean +SD,

*P<0.05,**P<0.01,**P<0.001

First, ex vivo mouse vascular rings were incubated
with MGO for 20 min, and their response to acetylcho-
line stimulation was significantly lower compared to the
control group (no MGO group). In contrast, no signifi-
cant change in response was observed when the rings
were stimulated with sodium nitroprusside, indicating
that MGO primarily damages VECs rather than vascu-
lar smooth muscle cells (VSMCs) (Figure S3). This result
was corroborated using the hVOs model system. Follow-
ing the induction protocol from J. M. Penninger’s labora-
tory [34], we successfully prepared hVOs containing both
VECs and VSMC:s (Fig. 7A). Immunofluorescence stain-
ing revealed that MGO treatment reduced the number of
CD31-positive cells in the hVOs and inhibited angiogen-
esis. However, DT-13 pretreatment significantly allevi-
ated this inhibitory effect (Fig. 7B). Specifically, after 24 h
of MGO treatment, the number of nodes, connections,
segments, and branches in the hVOs decreased signifi-
cantly, and the total length of segments and branches in
the vascular network was also reduced, as analyzed using
Image ] software (Fig. 7C). In contrast, DT-13 pretreat-
ment effectively restored these parameters, demonstrat-
ing its protective effect.

Next, histological examination in a mouse model
revealed that in the MGO treatment caused swelling of
mesenteric VECs, loose cellular connections, and cell
shedding (Fig. 7D), along with characteristics of diabetes-
like vascular lesions, including severe vascular stenosis
and lumen occlusion (Fig. 7E). However, after DT-13
treatment significantly alleviated these pathological
changes. Additionally, DT-13 attenuated the production
of GSDME-NT induced by MGO in mouse mesenteric
vessels, despite using antibodies with human species
reactivity (Figure S4).

Finally, to further determine whether the vascular pro-
tective effect of DT-13 could improve vascular function,
blood pressure was regularly monitored in all groups
of mice. The results showed that the blood pressure in
the model group increased steadily over time, while a

significant decrease in blood pressure was observed in
the DT-13 treated mice (Fig. 7F). Since no significant dif-
ferences were observed in body weight (Fig. 7F), heart
weight (Figure S5A), or cardiac function (Figure S5B,
C) between the two groups, the observed differences in
blood pressure changes can be attributed to the vascular
protective effect of DT-13. These findings support the
conclusion that DT-13 alleviates MGO-induced vascular
dysfunction.

Discussion

MGO, a byproduct of glucose metabolism, is a known
direct cause of DVCs [24-26]. However, the role of
inflammatory cell death, particularly pyroptosis, in
MGO-induced VEC damage remains unclear. This study
demonstrates that MGO induces GSDME-dependent
pyroptosis in HUVECs, as evidenced by Annexin V/PI
positivity, increased inflammatory markers, and GSDME-
NT release. Furthermore, DT-13, mitigates MGO-
induced pyroptosis, reduces inflammation, and promotes
apoptosis. DT-13 effectively converts MGO-induced
inflammatory cell death into a non-inflammatory form,
thus protecting blood vessels. These findings offer valu-
able insights for managing high glucose-induced VEC
damage by modulating cell death pathways.

Pyroptosis is a form of PCD with specific physiological
functions [43]. However, excessive pyroptosis, especially
in VECs, can result in vascular injury and dysfunction,
contributing to diseases such as pulmonary hyperten-
sion [44] and ischemic conditions [45, 46]. Research has
shown that pyroptosis plays a critical role in diabetes-
related vascular diseases, including diabetic retinopathy
[47] and atherosclerosis [48]. Although MGO accumula-
tion has been shown to activate Caspase3 in VECs, lead-
ing to cell death [19], it remains unclear whether MGO
triggers GSDME-dependent pyroptosis via Caspase3
activation. Our study is the first to clarify this issue, pro-
viding new evidence for the role of pyroptosis in diseases
associated with Caspase3 activation.
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Fig. 4 DT-13 converts MGO-induced pyroptosis to apoptosis by promoting the formation of apoptotic bodies. A. The representative morphology of
HUVECs in each group after pretreatment with DT-13 (1 uM) for 6 h and then exposure to MGO (0.8 mM) for 24 h. Scale bar =50 pum. B. The morphology
of dead cells in MGO-induced pyroptosis (top) and in apoptosis following DT-13 pretreatment (bottom). Scale bar =50 um. C and D. The number of apop-
totic bodies in the intercellular space (C) and cell culture medium supernatant (D) was evaluated under MGO induction with and without DT-13. Scale bar
=20 um. E. Flow cytometry was used to detect the proportion of apoptotic bodies in each group (top), and the proportion of Annexin V and P! staining
in apoptotic bodies in each group (bottom). F. Statistical analysis results of apoptotic body content and statistical analysis results of Annexin V-positive/Pl-
positive in apoptotic bodies (Statistical analysis was performed using one-way ANOVA, followed by Tukey test, n=3). G. Fluorescence staining of Annexin
V (green), Pl (red), and DAPI (blue) in pyroptosis cells and apoptotic bodies. The white arrows indicate swollen cell membranes in pyroptotic cells. H. The
LDH and IL-18 levels in the supernatants of cell cultures from each group were quantified by LDH Kit and IL-18 ELISA Kit (Statistical analysis was performed
using one-way ANOVA, followed by Tukey test, n=6). Data were presented as mean +SD, *P < 0.05, **P < 0.01, ***P <0.001
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Fig. 5 DT-13 promoted cytoskeletal rearrangement and apoptotic body formation via phosphorylation of MLC2. A. Immunofluorescence showed the
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(red) stains the cytoskeleton, DAPI (blue) stains the nucleus. In the negative control group, rhodamine-phalloidin was not used. Scale bar =20 um. B.
Representative immunofluorescence staining of cytoskeleton in HUVECs after pretreatment with DT-13 (1 uM) for 6 h and exposure to MGO (0.8 mM)
for 24 h. Rhodamine-Phalloidin (red) stains the cytoskeleton, DAPI (blue) stains the nucleus (peripheral ring: white arrow). In the negative control group,
rhodamine-phalloidin was not used. Scale bar =20 um. C. The representative morphological images of HUVECs in different treatment groups (same as
B) with or without Ca’*. (Red arrows: pyroptosis cells, yellow arrows: apoptosis cells). Scale bar =50 um. D. Effect of the ROCK inhibitor Y27632 (5 uM, 2 h)
on the formation of apoptotic bodies induced by DT-13. (Red arrows: pyroptosis cells, yellow arrows: apoptosis cells). Scale bar =50 um. E Western blot-
ting was performed to detect the protein levels of p-MLC2 and MLC2 in different treatment groups, and statistical analysis was performed using Image J
(Statistical analysis was performed using one-way ANOVA, followed by Tukey test, n=3). Data were presented as mean +SD, *P<0.05
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Fig. 6 DT-13 inhibited MGO-induced NMMHC IIA cleavage and increased apoptotic body formation via NMMHC IIA. A: The expression of NMMHC IIA
(green) in each group was detected and analyzed by immunofluorescence. DAPI (blue) stains the nucleus. In the negative control group, the primary
antibody against MYH9 was not used. The relative expression level was analyzed using fluorescence intensity (Statistical analysis was performed using
t-test, followed by D’Agostino-Pearson omnibus test and Brown-Forsythe test, n=6,"ns" indicates no significant statistical difference). Scale bar =80 um.
B. The cytoskeleton morphology and the location of NMMHC IIA in each group were analyzed by immunofluorescence. DAPI (blue) stains the nucleus,
rhodamine-Phalloidin (red) stains the cytoskeleton, NMMHC IIA is visualized in green. Yellow indicating the colocalization of NMMHC IIA with the cyto-
skeleton. C. Western blotting was performed to detect the cleavage of NMMHC IIA protein in HUVECs treated with MGO (the red box is Cleaved-NMMHC
IIA). D The IP-MS experiment showed that the 100 kDa sized band is Cleaved-NMMHC lIA. E. Western blotting was performed to detect the effects of NAC,
Z-VAD-FMK (ZVF), and Z-DEVD-FMK (ZDF) on the upregulation of Cleaved-NMMHC IIA induced by MGO. Statistical analysis was performed using Image J
(Statistical analysis was performed using one-way ANOVA, followed by Dunnett test, n=3). F. Western blotting was conducted to analyze the alleviation of
MGO-induced upregulation of Cleaved-NMMHC I1A by DT-13 and the statistical analysis was performed using Image J (Statistical analysis was performed
using one-way ANOVA, followed by Tukey test, n=3). G. Effects of Bleb (5 uM, 2 h) on the ability of DT-13 to induce apoptotic body formation (red arrows:
pyroptosis cells, yellow arrows: apoptotic cells) Scale bar =50 um. H. Effect of MYH9 overexpression on DT-13-induced apoptotic body formation. The left
is negative control adenovirus group, and the right is MYH9 overexpression adenovirus group (red arrows: pyroptosis cells, yellow arrows: apoptotic cells),

Scale bar =50 um. Data were presented as mean+SD, *P< 0.05, **P<0.01, ***P<0.001

Interestingly, MGO-induced pyroptosis can be con-
verted into apoptosis by DT-13, as evidenced by the sup-
pression of pyroptosis markers (such as GSDME-NT,
IL-18, and LDH release) and an increase in the propor-
tion of apoptotic bodies. The increase in apoptotic body
formation can facilitate the transition of the cell death
process toward apoptosis, a process in which NMMHC
IIA plays a critical role [39-42, 49]. Our study found that
DT-13 induces apoptotic body formation via NMMHC
IIA, while MGO also upregulatess NMMHC IIA in
HUVECs, a phenomenon observed in various disease
models [50, 51]. The exact reasons for this upregulation
and its significance in disease states are not fully under-
stood. NMMHC IIA may play a role in signal transduc-
tion [51]. Nevertheless, our study demonstrates that
MGO-induced upregulation of NMMHC IIA is cleaved
by Caspase3, leading to a loss of its function, which pre-
vents apoptotic body formation and results in membrane
rupture. This was further confirmed by our experi-
ments with the Caspase3 inhibitor Z-DEVD-FMK. Pre-
treatment with Z-DEVD-FMK significantly inhibited
MGO-induced NMMHC IIA cleavage, resulting in cell
shrinkage and apoptotic bodies formation. These results
strongly support the critical role of the intact NMMHC
ITA molecule in promoting the formation of apoptotic
bodies.

Cell death activation is crucial for cellular homeo-
stasis, but different modes of cell death can have varied
effects on cell fate [1]. MGO-induced cell death is pri-
marily triggered by mitochondrial oxidative stress, lead-
ing to the activation of caspase activity, which eliminates
damaged cells and maintains tissue and organ function

[31, 52]. This mechanism is not only present in diabetes-
related diseases but also in hypoxia, reperfusion, and
even COVID-19-induced vascular diseases [45-47, 53],
highlighting the common characteristics of these condi-
tions and the clinical significance of this study. Therefore,
investigating the associations and transitions between
different modes of cell death, especially pyroptosis and
apoptosis, is essential for the treatment of clinical dis-
eases. For instance, a report by Wang et al. demonstrated
that overexpression of GSDME converts apoptosis
induced by chemotherapeutic drugs such as doxorubicin
(DOX) and 5-fluorouracil (5-FU) into pyroptosis, result-
ing in intense inflammatory cell death and enhanced
therapeutic outcomes in cancer treatment [19]. Further-
more, recent studies have shown that palmitoylation
inhibitors can suppress the occurrence of pyroptosis,
converting ROS-induced pyroptosis into apoptosis and
reducing inflammatory damage [54, 55]. These findings
support the hypothesis that cell death modalities are
modifiable. In our study, we found that DT-13 effectively
converts MGO-induced pyroptosis in VECs into apopto-
sis, further confirming the modifiable nature of cell death
pathways.

DT-13 has demonstrated significant vascular pro-
tective effects and low toxicity in previous studies.
Research indicates that DT-13 can mitigate TNF-a-
induced vascular inflammation [56], and administra-
tion to Sprague-Dawley rats at a dosage of 360 mg/kg
for 90 days did not cause hematological, biochemical,
or histopathological abnormalities [36]. Our study fur-
ther supports these findings, showing that DT-13 treat-
ment significantly alleviates MGO-induced diabetic
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Fig. 7 DT-13 alleviated loss of VECs, vascular remodeling, and hypertension induced by MGO. A. The immunofluorescence staining results revealed a
complete hVOs structure: the nucleus is blue, VSMCs are green, and VECs are red. Scale bar =100 um. B. Immunofluorescence staining was performed to
observe the number of VECs in the different treatment groups of hVOs. DAPI (blue) stains the nucleus and CD31 (red, Alexa Fluor® 647-conjugated)) repre-
sents the endothelial cells. Quantitative analysis of the intensity of red fluorescence was performed using Image J (Statistical analysis was performed using
one-way ANOVA, followed by Tukey test, n=3). Scale bar =100 um. C. After pretreating hVOs with 1 uM DT-13 for a duration of 6 h, the organoids were
exposed to MGO (0.8 mM) for a period of 24 h. Collect hVOs from different treatment groups. Subsequently, capture photographs of the organoids (top)
and use Image J software to binarize the vascular network (middle). Analyze the binarized vascular network using the AngioTool plug-in (bottom). Statisti-
cally analyze the number of nodes (Nb nodes), junctions (Nb junctions), segments (Nb segments), branches (Nb branches), total length of segment (Tot.
segments length) and branches (Tot. branches length) (Statistical analysis was performed using one-way ANOVA, followed by Tukey test, n=3-5). Scale
bar =100 um. D. Characterization of a-SMA (green) and CD31 (red) in mouse mesenteric vessels by immunofluorescence. DAPI (blue) stains the nucleus.
In the negative control group, neither the primary antibody against a-SMA nor the primary antibody against CD31 was used, scale bar =10 um. E. H&E
staining of mouse mesenteric vessels showing the morphology of mouse mesenteric vessels in each group. Three kinds of vessels with different diam-
eters were selected in each group, and the ratio of lumen area to vessel wall area was statistically analyzed (n=3). Scale bar =25 um. F. Statistical analysis
was conducted on the systolic blood pressure (SBP) of each group of mice, as well as on the changes in body weight among different groups (Statistical
analysis was performed using two-way ANOVA, followed by Dunnett test, n=3-5). Data were presented as mean+SD, *P<0.05, **P<0.01, ***P<0.001

vascular damage in a mouse model. This is evidenced
by reduced endothelial cell injury, alleviated vascu-
lar lumen narrowing, and inhibition of elevated blood
pressure. Moreover, DT-13 did not cause any side
effects on the body weight or cardiac function in the
mice. We believe that DT-13 promoting PAT in VECs
has a significant effect in this process. The reduction
of GSDME-NT in the mesenteric artery of mice indi-
cates that DT-13 inhibits pyroptosis in vivo, while in
vitro results show that DT-13 alleviates the release of
inflammatory factors in MGO-induced VECs, which is
crucial for smooth muscle-induced vascular remodel-
ing [53, 57]. However, we have overlooked the fact that
VSMCs are also important for vascular remodeling and
blood pressure regulation [44, 58—60], which should be
further explored in future studies.

It is worth mentioning that traditional Chinese medi-
cine formula “Sha Shen Mai Dong Decoction’, which
contains DT-13, has been proven effective in the treat-
ment of pneumonia caused by COVID-19 [37, 53, 61].

Combining the aforementioned studies on the 90-day
safety of DT-13 in animal experiments [36] with the
results of our research indicates that DT-13 is a prom-
ising natural compound for the treatment of inflam-
matory vascular diseases. Extending its administration
period or combining it with appropriate anti-inflam-
matory drugs may further enhance its therapeutic
effects. Overall, these findings suggest that DT-13 has
the potential to be developed into a clinical drug. How-
ever, clinical translation of DT-13 faces several chal-
lenges. More preclinical studies are needed, particularly
in pharmacokinetics, safe dosing, and bioavailability,
to establish the efficacy and safety of DT-13. Addition-
ally, since natural products often target multiple path-
ways, it is essential for clinical translation to clarify the
interactions between these targets and their potential
synergistic effects on efficacy. Therefore, exploring the
mechanisms of action and clinical applications of DT-13
will provide a crucial foundation and guidance for the
development of natural products in vascular diseases.
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Conclusion

In conclusion, our study reveals that MGO induces endo-
thelial cell pyroptosis via the ROS/Caspase3/GSDME
pathway, leading to cell rupture and the release of inflam-
matory factors. The natural product DT-13 modulates
cytoskeletal rearrangement in endothelial cells through
NMMHC IIA by promoting apoptotic bodies forma-
tion. It achieves this by inhibiting Caspase3-mediated

cleavage of GSDME and NMMHC IIA and inducing
MLC2 phosphorylation via ROCK (Fig. 8). This mecha-
nism effectively shifts MGO-induced endothelial cell
death from pyroptosis to apoptosis, thereby mitigat-
ing MGO-induced vascular damage. These findings are
instrumental in exploring therapeutic strategies targeting
cell death transformation in cardiovascular diseases and
underscore the protective potential of natural products.
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Moreover, they provide valuable insights for drug devel-
opment aimed at preventing and treating vascular com-
plications associated in diabetes.
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