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cells by modulating the caspase-mediated
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Abstract: Anaplastic thyroid carcinoma (ATC) is a highly lethal malignant tumor, and there’s still no effective treat-
ment for it. Isobavachalcone (IBC) is a chalcone derivative and comes from the traditional Chinese herb Psoralea
corylifolia. IBC exhibits potent anti-cancer activity against various cancers. However, its efficacy and mechanism of
action in ATC remain unclear. This research used in vitro and in vivo models to evaluate the anti-cancer effects of
IBC on ATC. The results showed that IBC has significant anti-cancer effects with extremely low toxicity. Mechanically,
IBC inhibits ATC cell growth by inducing cell cycle arrest in the G2/M and S phases. IBC induces apoptosis and
pyroptosis, with caspase-dependent Poly ADP-ribose Polymerase (PARP) and Gasdermin E (GSDME) cleavage si-
multaneously. This study reveals a novel function of IBC in inducing pyroptosis in tumor cells, expands its known
pharmacological spectrum and highlights its value as a therapeutic agent for ATC.
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Introduction urgent need to develop novel drugs and effec-
tive treatments.

Anaplastic thyroid carcinoma (ATC) is one of the

most aggressive and lethal forms of thyroid
cancer. Its 5-year survival rate is less than 7%
and it causes over 50% of deaths related to thy-
roid cancer [1]. ATC is characterized by an
aggressive clinical course, early metastasis,
and poor responsiveness to conventional radio-
therapy, chemotherapy, and targeted thera-
pies. Currently, no curative standard therapy
exists for ATC. The median survival time of ATC
patients is just 4-10 months [1]. The prognosis
of ATC remains very poor. Thus, there is an

In recent years, traditional Chinese medicine’s
active ingredients have gotten more and more
attention as anti-cancer drugs. This is be-
cause they have multi-target effects and are
relatively less toxic. Isobavachalcone (IBC), a
chalcone derivative from Psoralea corylifolia, is
seen as a possible drug with broad-spectrum
antitumor ability [2, 3]. IBC has demonstrated
broad-spectrum antitumor efficacy against mul-
tiple cancer types, including colorectal, ovarian,
lung, breast, gastric cancers, and squamous
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cell carcinoma of the tongue. Its way of working
involves inducing cell death, inhibiting cell pro-
liferation, regulating oxidative stress, and mod-
ulating key signaling pathways [4-7]. In a co-
lorectal cancer (CRC) model, IBC suppresses
cell proliferation and colony formation in a
dose- and time-dependent manner. Mechani-
stically, its ability to promote cell death in-
cludes nuclear morphological alterations, dis-
ruption of mitochondrial homeostasis (includ-
ing an altered Bax/Bcl-2 balance and loss of
mitochondrial membrane potential), enhanced
cleavage of caspase-3 and PARP, and sup-
pression of anti-apoptotic proteins XIAP and
surviving [8]. In prostate cancer, IBC enhan-
ces its antitumor effects by modulating oxida-
tive stress. Mechanistic studies have shown
that IBC targets the selenocysteine-containing
antioxidant enzyme thioredoxin reductase 1
(TrxR1), inhibiting its activity and leading exces-
sive accumulation of reactive oxygen species
(ROS). This ROS overload subsequently triggers
endoplasmic reticulum (ER) stress and induces
mitochondria-mediated apoptosis [9]. In sum-
mary, these findings suggest that induction of
apoptosis is the main mechanism of IBC’s anti-
tumor activity. However, whether IBC possess-
es potent antitumor activity against ATC and its
mechanism of action remains unclear.

Pyroptosis has emerged as a novel and promis-
ing therapeutic strategy for cancer treatment
[10]. Compared with apoptosis, pyroptosis is a
distinct form of programmed cell death charac-
terized by strong inflammatory responses and
immune activation, promoting the release and
presentation of tumor-related antigens [11-13].
This process can remodel the immunosuppres-
sive tumor microenvironment and reactivate
immune surveillance, ultimately facilitating the
elimination of tumor cells [14-17]. Different
strategies and compounds have been reported
to induce pyroptosis, including chemotherapeu-
tic drugs, targeted inhibitors, and small - mole-
cule modulators of gasdermin and inflamma-
somes [18-20]. Our previous studies have dem-
onstrated that inducing pyroptosis in ATC cells
effectively suppresses tumor growth [21-23].
Therefore, investigating whether IBC can in-
duce pyroptosis in ATC cells is crucial for evalu-
ating its potential as a novel and effective treat-
ment for ATC.

In this study, we show that IBC exhibited potent
anti-tumor activity against ATC cells in vitro and
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significantly suppressed tumor growth in vivo.
IBC induces cell-cycle arrest at the G2/M and S
phases, subsequently triggering both apopto-
sis and pyroptosis. This process involves cas-
pase-dependent cleavage of PARP and GSDME.
These findings show that IBC can induce pyrop-
tosis in tumor cells, broaden our understanding
of its pharmacological actions, and highlight its
potential as an effective therapeutic option for
ATC.

Materials and methods
Reagents and antibodies

Isobavachalcone (IBC with purity > 99.50%)
was purchased from Targetmol (#T3861,
China), and dissolved in Dimethyl Sulfoxide
(DMSO) which was diluted in the Roswell Park
Memorial Institute 1640 (RPMI-1640) medium
to a desired concentration. N-acetyl-L-cysteine
(NAC, #S0077) was purchased from the Beyo-
time Institute of Biotechnology, China, while
N-Benzyloxycarbonyl-Val-Ala-Asp-fluoromethyl
ketone (ZVAD-FMK) (#A1902) was purchased
from ApexBio, USA. Polyethylene Glycol 300
(PEG300) (#T7022) and Tween 80 (#T13947)
were obtained from Targetmol, China while goat
anti-rabbit (#A0208) and anti-mouse (#A0216)
HRP 1gG secondary antibodies were purcha-
sed from Beyotime Institute of Biotechno-
logy, China. Anti-PARP (#9532), anti-caspase-8
(#D35G2), anti-caspase 9 (#9502), and anti-
cyclin B1 (#12231) antibodies were acquired
from Cell Signaling Technology, USA, while anti-
GAPDH (#60004-1-1g) antibodies were pur-
chased from Proteintech, China. Anti-GSDME
(#ab215191), anti-cleaved caspase 9 (#ab23-
24), and anti-caspase 3 (#ab32351) antibo-
dies were purchased from Abcam, USA, while
anti-Cyclin-dependent kinase 1 (anti-CDK1)
(#ET1607-51), anti-cleaved-PARP (#ET1608-
10) and anti-active caspase 3 (#ET-1602-47)
were purchased from HuaAn Biotechnology,
China.

Cell culture

The human ATC cell lines KHM-5M, KMH-2,
C643, and CAL-62 were acquired from the
National Infrastructure of Cell Line Resource
(Shanghai, China). The 8505C cell line was pro-
cured from the Deutsche Sammlung von
Mikroorganismen und Zellkulturen (DSMZ). All
cell lines were cultured in RPMI-1640 medium
containing 10% fetal bovine serum (FBS,
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#KC001-01, KEL Biotech, USA) and 1% penicil-
lin/streptomycin and maintained at 37°C in a
humidified incubator. Prior to experimental
treatments, cells were allowed to reach approx-
imately 85% confluence.

Cell viability and colony formation assay

Cell viability was assessed using the Cell
Counting Kit-8 (CCK-8, #K1018, ApexBio, USA).
Cells were seeded in 96-well plates at a den-
sity of 4,000 cells per well and allowed to
adhere for 24 hours in a 37°C, 5% CO, incuba-
tor. The control group received a vehicle con-
taining DMSO at a final concentration of <
0.1%. Following treatment, 10 pL of CCK-8
reagent and 90 uL of fresh RPMI-1640 me-
dium supplemented with 10% FBS were added
to each well. The plates were incubated for an
additional 2 hours at 37°C, after which the
absorbance at 450 nm was measured with a
Synergy LX multi-mode microplate reader
(BioTek Instruments, USA). For the colony for-
mation assay, 8505C and KHM-5M cells were
plated in 12-well plates at densities of 1,000 or
2,000 cells per well and exposed to increasing
concentrations of IBC (0, 40, 50, and 60 uM).
After one week of culture at 37°C, the resulting
colonies were fixed with ethanol, stained with
0.1% crystal violet, and quantified.

Cell cycle analysis and determination of cell
death rate

Cell cycle distribution was analyzed using a
commercial Cell Cycle Kit (Lianke Bio, China)
according to the manufacturer’'s protocol.
Briefly, 8505C and KHM-5M cells were seeded
in 6-well plates at densities of 1.8 x 10° cells
per well. After treatment, cells were collected,
washed with Phosphate-Buffered Saline (PBS),
and stained with a DNA staining solution con-
taining permeabilization buffer for 30 minutes
in the dark. Cell cycle analysis was performed
on a Navios flow cytometer (Beckman Coulter,
USA) at the lowest acquisition speed, and data
were processed using FlowJo software.

Determination of cell death rate

Cell death was determined by Annexin V-FITC
and PI kit (Lianke Bio, China) following the man-
ufacturer’s instructions. The 8505C and KHM-
5M cells (1.8 x 10° cells/well) were seeded in
6-well plates and treated with different drugs
after complete attachment. After 24 h of incu-
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bation at 37°C, both attached and the floating
cells were harvested, washed twice in ice-cold
PBS and then suspended with 1 x binding buf-
fer. The cells were labeled with 1 yl Annexin
V-FITC and 2 pl Pl and then incubated in the
dark for 5 min at room temperature. Apoptosis
was analyzed by flow cytometer and the results
were analyzed using Flowjo to assess cell death
rate.

Quantification of extracellular dehydrogenase
(LDH) and interleukin-18 (IL-13) levels

Pyroptosis was evaluated by measuring the
release of lactate LDH and IL-1 into the cell
culture supernatant. Extracellular LDH activity
was quantified using a commercial LDH assay
kit (#C0016, Beyotime Biotechnology, China),
while IL-13 levels were determined by an ELISA
kit (MM-0181H1, Meimian, China) according
to the respective manufacturers’ instructions.
Absorbance was measured at 450 nm.

Measurement of intracellular reactive oxygen
species (ROS) levels

Intracellular Reactive Oxygen Species (ROS)
levels were measured using the fluorescent
probe DCFH-DA (2’,7’-dichlorodihydrofluoresce-
in diacetate, #T15458, TargetMol, China). Brie-
fly, cells were loaded with 10 yM 2’,7’-dichloro-
dihydrofluorescein diacetate (DCFH-DA) in
serum-free RPMI-1640 medium and incubated
in the dark at 37°C for 30 minutes. Following
incubation, the cells were washed twice with
serum-free medium to remove excess probe.
The fluorescence intensity, corresponding to
intracellular ROS levels, was then immediately
quantified by flow cytometry.

Western blotting

After drug treatment, the cells were lysed on ice
using Radioimmunoprecipitation Assay buffer
(RIPA buffer) (#P0013, Beyotime, China) sup-
plemented with Phenylmethylsulfonyl fluoride
(PMSF). Protein concentrations were deter-
mined with a Bicinchoninic Acid Assay (BCA
assay kit) (Thermo Fisher Scientific, USA).
Equal amounts of protein were separated by
Sodium Dodecyl Sulfate-PolyAcrylamide Gel
Electrophoresis (SDS-PAGE) on 4-20% precast
gels (#P0524M, Beyotime) and transferred to
Polyvinylidene Fluoride (PVDF) membranes.
After blocking with 5% non-fat milk in TBST, the
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membranes were incubated with primary anti-
bodies overnight at 4°C, followed by HRP-
conjugated secondary antibodies for 1 hour at
room temperature. Protein bands were visual-
ized using an enhanced chemiluminescence
(ECL) kit (#FD8020, Fdbio Science, China) and
imaged with a ChemiDoc MP system (Bio-Rad,
USA).

In vivo xenograft tumor model

An in vivo xenograft model was established by
subcutaneously injecting 8505C cells (2 x 10°
cells in 100 pL) into female BALB/c nude mice
(3-4 weeks old, 16-20 g). One week post-inocu-
lation, the mice were randomly assigned into
three groups (n = 6 per group) and adminis-
tered daily intraperitoneal injections for 12
days as follows: vehicle control (5% DMSO,
30% PEG300, 10% Tween-80, 55% PBS), IBC
(10 mg/kg), or IBC (20 mg/kg). Tumor volumes
and body weights were recorded daily. Tumor
volume was calculated as 0.5 x (shortest diam-
eter)? x (longest diameter). At the endpoint,
mice were euthanized by cervical dislocation,
and tumors and major organs (heart, liver, kid-
neys) were harvested for weight measurement
and histopathological examination. Tissue
samples were either fixed in 4% formalin for
paraffin embedding or lysed for protein extrac-
tion. All animal procedures were approved by
the Animal Ethics Committee of Zhejiang
Provincial People’s Hospital (Approval No.
20250914406417).

Immunohistochemistry

For immunohistochemistry, paraffin-embedded
tissue sections were deparaffinized, subjected
to antigen retrieval, and blocked with 3% H_,0,,.
Sections were then incubated with primary
antibodies overnight, followed by appropriate
secondary antibodies and HRP-conjugated IgG.
Signal development was performed using DAB,
and nuclei were counterstained with hematoxy-
lin. Stained sections were scanned with a
KF-PRO-005 slide scanner (Konfoong Biotech),
and positive signals were identified as brown-
yellow staining.

Statistical analysis

Data are presented as mean + standard devia-
tion (SD). Comparisons between two groups
were performed using Student’s t-test, while
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differences among multiple group sat a single
time point were assessed by one-way analysis
of variance (ANOVA). For longitudinal data
involving a time variable, such as tumor growth
curves and mouse body weight changes, two-
way repeated measures ANOVA was employed
to evaluate the differences between groups
over time. A two-tailed P-value less than
0.05 was considered statistically significant. All
statistical analyses were performed using
GraphPad Prism 10 (GraphPad Software, USA).

Results

IBC inhibits ATC cell proliferation and colony
formation, and induce cell cycle arrest

To assess the effect of IBC on ATC cell viability,
the CCK-8 assay was performed. IBC signifi-
cantly inhibited the viability of ATC cells in a
dose-dependent manner, with IC,  values of
57.10 uM for 8505C, 51.10 uM for BHT-101,
65.27 uM for KHM-5M, 56.30 uM for C643,
and 79.29 uM for Hth-7 cells (Figure 1A, 1B).
Furthermore, IBC significantly inhibited colony
formation in a dose-dependent manner in both
8505C and KHM-5M cells (Figure 1C), consis-
tent with its inhibitory effect on cell viability.

Flow cytometry analysis of cell cycle distribu-
tion showed that after 24 hours of IBC treat-
ment, cell cycle arrest was significantly induc-
ed in both 8505C and KHM-5M cells, primarily
occurring in the G2/M and S phase (Figure 1D,
1E). Consistent with this, Western blot analysis
revealed a significant downregulation of the
G2/M phase-associated cyclin Cyclin B1 after
24 hours of IBC treatment (Figure 1F). Toge-
ther, these results indicate that IBC inhibits ATC
cell proliferation in part by inducing cell cycle
arrest.

IBC simultaneously induces apoptosis and py-
roptosis in ATC cells

We next looked into whether IBCs could cause
ATC cell death because of their inhibitory effect
on cell viability. IBCs dose-dependently induc-
ed apoptosis in 8505C and KHM-5M cells, as
evidenced by an increase in the number of
dead cells, according to flow cytometry analysis
using FITC-Annexin V/PI staining (Figure 2A).
Cell fragmentation into apoptotic bodies and
other morphological changes consistent with
apoptosis were further verified by bright-field
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Figure 1. IBC inhibits ATC cell proliferation, colony formation, and induces cell cycle arrest. (A) Compound IBC chemi-
cal formula is shown. (B) 8505C, KHM-5M, C643, Hth-7, and BHT-101 cells were exposed to varying IBC concentra-
tions (0, 5, 10, 15, 20, 40, 60, 80, 100 and 120 uM) for 24 h. Cell viability was determined by the CCK-8 assay. IC_,
values were calculated from non-linear regression plots using the GraphPad Prism 10 software. (C) Representative
images of 8505C and KHM-5M cell clone formation at the indicated concentrations were quantified using the
ImagelJ software (n = 3). Cell cycle phase distribution of IBC-treated ATC cells (8505C and KHM-5M) for 12 h were
determined by flow cytometry (D), the proportions of cell populations at each cell cycle phase relative to total phases
(E), protein levels of cyclin B1 were measured by Western blot assays (F). Data are shown as mean + SD for n = 3.
**P < 0.01, ***P < 0.001.
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Figure 2. IBC induces apoptosis and pyroptosis in ATC cells. A. The ratio of cell death in 8505C and KHM-5M cultures
increased after 24 hours of IBC treatment in a dose-dependent manner (0, 50, 60, and 80 uM), as assessed by flow
cytometry. B. Following treatment with 60 uM IBC, 8505C and KHM-5M cells exhibited morphological changes char-
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acteristic of apoptosis (yellow arrows) and pyroptosis (red arrows). C. LDH release in the culture medium was mea-
sured following 24-hour IBC treatment (0, 50, 60, and 80 uM) using a commercial assay kit. D. IL-13 concentration
in the culture medium was measured following 24-hour IBC treatment (O, 50, 60, and 80 uM) using a commercial
ELISA kit. E. The protein levels of full-length and cleaved forms of PARP, and GSDME in 8505C and KHM-5M cells
were analyzed by western blotting after a 24-hour treatment with IBC (0, 40, 50, and 60 uM). Values are presented
as mean = SD for n = 3. *P < 0.05, **P < 0.01, ***P < 0.001.

phase-contrast microscopy (Figure 2B). In the
meantime, we also noticed cell swelling that
resembled bubbles (Figure 2B), a characteris-
tic of pyroptosis. We further assessed pyropto-
sis by measuring the release of extracellular
lactate dehydrogenase (LDH) and IL-1B. In ATC
cells, IBC significantly increased extracellular
LDH and IL-1B release in a dose-dependent
manner (Figure 2C, 2D), which is consistent
with pyroptosis induction. In conclusion, these
findings show that IBC causes ATC cells to
undergo pyroptosis and apoptosis.

IBC-induced apoptosis and pyroptosis in ATC
cells involve caspase-3-mediated PARP and
GSDME cleavage

To elucidate the molecular mechanisms by
which IBC induces apoptosis and pyroptosis,
we examined apoptosis- and pyroptosis-related
proteins. Western blot analysis showed that
IBCs dose-dependently induced the cleavage
of caspase-3 and PARP, as well as the cleavage
of GSDME, a key pyroptosis mediator (Figures
2E and 3A). Pretreatment with the pan-caspase
inhibitor Z-VAD-FMK (Z-VAD) significantly and
partially reversed IBC-induced ATC cell viability
inhibition (Figure 3B) and partially reduced the
number of dead cells (Figure 3C). Extracellular
LDH release was also significantly reduced
after Z-VAD treatment (Figure 3D). Western blot
analysis confirmed that Z-VAD effectively inhib-
ited the cleavage of caspase-3, PARP, and
GSDME (Figure 3E). Collectively, these results
indicate that IBC may induce ATC cell apoptosis
partially via caspase-3-dependent PARP cleav-
age and pyroptosis potentially through GSDME
cleavage.

IBC inhibits ATC xenograft growth in nude mice

To assess the in vivo antitumor efficacy and
safety of IBC, a subcutaneous ATC xenograft
model was established in BALB/c nude mice
using 8505C cells. Once tumors were estab-
lished, mice were treated with intraperitoneal
injections of IBC. IBC significantly inhibited
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tumor growth in a dose-dependent manner,
without causing significant changes in body
weight across the treatment groups (Figure
4A-D). H&E staining of tumor tissues revealed a
looser tissue architecture in IBC-treated tumors
(Figure 4E). Immunohistochemistry showed a
significant decrease in Ki-67 expression and a
concomitant increase in cleaved caspase-3
and cleaved PARP levels compared with con-
trols (Figure 4F). Serum biochemical assays
showed no significant changes in ALT, AST, CR,
UA, ALB, ALP, and BUN (Figure 4G), indicating
that IBC did not compromise liver or kidney
function. Histological analysis of major organs
(heart, liver, kidney and spleen) by H&E staining
revealed no obvious pathological alterations
(Figure 5). These data collectively demonstrate
that IBC induces apoptosis and pyroptosis in
vivo and inhibits the growth of ATC xenograft
tumors, consistent with its in vitro activity.

Discussion

Isobavachalcone (IBC) is the main active ingre-
dient of the traditional Chinese medicine
Psoralea corylifolia and belongs to the chal-
cone class of compounds [24]. IBC has been
reported to have a wide range of pharmaco-
logical activities, including anti-inflammatory,
antioxidant and antitumor effects [2, 4]. In
terms of anti-tumor activity, IBC has been
shown to possess broad-spectrum anti-tumor
activity, including breast cancer, hepatocellular
carcinoma and colorectal cancer [5, 25, 26];
however, its activity against highly aggressive
ATC has not been systematically studied. Given
the extremely high malignancy, short survival
time and lack of effective treatment for ATC,
exploring the antitumor potential of IBC and
elucidating its mechanism of action has impor-
tant translational medical significance. Our
study shows that IBC exhibits potent antitumor
activity against ATC both in vitro and in vivo,
and has no detectable effect on the body
weight or major organs of mice, indicating good
safety. These findings suggest that IBC is a
promising candidate for ATC therapy.
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Figure 3. Caspase-3 mediates IBC-induced PARP-dependent apoptosis and GSDME-dependent pyroptosis. (A) The
protein levels of full-length and cleaved forms of caspase 3 in 8505C and KHM-5M cells were analyzed by western
blotting after a 24-hour treatment with IBC (0, 40, 50, and 60 uM). (B) The viability of 8505C and KHM-5M cells
was determined by CCK-8 assay following 24 h exposure to IBC (0, 40, 50, 60, and 80 uM), with or without a 2 h
pretreatment with the caspase inhibitor Z-VAD (20 uM), while cell death was assessed by flow cytometry and the
ratio presented (C). Following a 24-hour treatment with IBC (0, 50, 60 uM) with or without Z-VAD (20 uM), the cleav-
age of PARP, caspase-3, and GSDME was assessed by western blot analysis (D), and LDH release into the culture
supernatant was quantified using an LDH assay kit (E). Values are shown as mean + SD for n = 3. ns P > 0.05, *P

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

Pyroptosis is a form of programmed cell death
resembling necrosis, mediated by gasdermin
family proteins such as GSDMD and GSDME. It
is characterized by cell swelling, plasma mem-
brane rupture, and the release of pro-inflamma-
tory cytokines, including IL-13 and I1L-18 [10, 12,
27]. This inflammatory form of cell death can
trigger a robust antitumor immune response
[28-30]. In tumor cells, caspase-3 cleaves
GSDME, releasing its N-terminal fragment,
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which forms pores in the membrane and trig-
gers pyroptosis [31]. Tumor cells with low
GSDME expression tend to undergo apoptosis
rather than pyroptosis [32, 33]. Pyroptosis
exposes tumor antigens and releases inflam-
matory mediators, alleviating immunosuppres-
sion in the tumor microenvironment and poten-
tially enhancing immunotherapy efficacy [34,
35]. In clinical studies, promoter methylation-
mediated silencing of GSDME has been detect-
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Figure 4. IBC inhibits ATC xenograft growth in nude mice. (A) Tumor growth curves of 8505C xenografts in BALB/c
nude mice treated with IBC (0 mg/kg, 10 mg/kg and 20 mg/kg, intraperitoneal injection, n = 6). Tumor volumes
were monitored every other day (mean + SD). (B) Macroscopic views and average weights (mean * SD) of the excised
tumors at the endpoint are also shown (C). (D) Body weights of the mice were recorded every other day throughout
the study (mean + SD). (E) Representative H&E-stained images of the xenograft tumor tissues. (F) Expression of
Ki67, cleaved-caspase 3, and cleaved-PARP in xenograft tumors was assessed by immunohistochemistry (IHC). (G)
Liver and kidney function indicators (ALT, AST, CR, UA, ALB, ALP, and BUN) were measured in BALB/c nude mice.
Values are presented as mean + SD for n = 3. **P < 0.01.

ed in several solid tumors, including lung can-
cer and melanoma, contributing to tumor im-
mune escape [36-39]. Conversely, activation of
GSDME-dependent pyroptosis can enhance
the therapeutic efficacy of immune checkpoint
inhibitors, such as anti-PD-1 antibodies [40-
42]. Studies have shown that ATC exhibits high
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GSDME expression [33], therapies inducing
GSDME-mediated pyroptosis could be particu-
larly effective against this tumor type. Although
our results show that IBC effectively inhibits
tumor growth in ATC subcutaneous xenografts
in nude mice, its anticancer effects need to be
further evaluated in immunocompetent ATC
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Figure 5. Histopathological evaluation of major organs from IBC-treated mice. Representative H&E-stained sections
of the heart, liver, kidney, and spleen from control and IBC-treated mice (10 and 20 mg/kg) at the study endpoint.
No overt histopathological abnormalities or treatment-related lesions were observed across groups. Scale bar = 50

um (applies to all images).

models to determine potential immune-mediat-
ed mechanisms. Given that IBC induces pyrop-
tosis in ATC cells and promotes the release of
factors such as IL-13, we believe it holds poten-
tial to modulate the tumor immune microenvi-
ronment and enhance antitumor responses.

Conclusion

In summary, this study demonstrates that
IBC effectively suppresses ATC tumor growth
both in vitro and in vivo. IBC inhibits ATC cells
growth and colony formation, induces cell cycle
arrest, and triggers apoptosis and pyroptosis,
with caspase-3-mediated PARP cleavage and
GSDME activation. Notably, IBC exhibited mini-
mal toxicity in mice. These findings highlight IBC
as a promising therapeutic candidate and a
potential strategy for treating ATC.
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