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Background: Hypertriglyceridemia-induced acute pancreatitis (HTG-AP) is a severe form of pancreatitis, rapidly progressing to
multiorgan failure. Growth arrest and DNA damage-inducible beta (GADD45B) play a crucial role in stress responses; however,
its precise role in HTG-AP pathogenesis remains unknown. Therefore, this study aimed to elucidate the role of GADD45B in
HTG-AP using both in vitro cellular and in vivo animal models.

Methods: AR42J cells were transfected with GADD45B si-RNA or overexpressed plasmids and induced with palmitic acid (PA)
and caerulein (Cae) to establish an HTG-AP cellular model. The HTG-AP animal model was successfully developed by treating
mice with P-407 and Cae, alongside adeno-associated virus (AAV)-shRNA interference. The transfection efficiency was assessed
using quantitative PCR (qPCR) and Western blot analyses. Furthermore, cell viability was evaluated using the Cell Counting
Kit-8 (CCK-8) assay, and cell death rate, inflammation levels, and pyroptosis were examined using Hoechst 33342/propidium
iodide (PI) staining, enzyme-linked immunosorbent assay (ELISA), and transmission electron microscope (TEM). Moreover,
protein expression levels of the pyroptotic pathway, nucleotide-binding and oligomerization domain (NOD)-like receptor family
pyrin domain containing 3/Cysteine-dependent aspartate-specific protease 1/Gasdermin D (NLRP3/Caspase-1/GSDMD), were
evaluated using Western blot analysis.

Results: The Co-IP assay confirmed the interaction between GADD45B and NLR family pyrin domain containing 3 (NLRP3).
In the AR42J cell model of HTG-AP, GADD45B interference promoted cell viability, attenuated cell death, pro-inflammation,
pyroptotic cytokines interleukin (IL)-6, tumor necrosis factor-o (TNF-c), IL-173, IL-18, amylase, and intracellular vesicle counts
(p < 0.05). Furthermore, AAV-shGADD45B treatment improved pancreatic injury, cell death, and pyroptosis in HTG-AP model
mice (p < 0.05). Moreover, GADD45B knockdown suppressed the pyroptosis-related pathway NLRP3/Caspase-1/GSDMD pro-
tein levels (p < 0.05). However, GADD45B overexpression exhibited opposite effects, which was reserved by NLRP3 inhibitor
MCC950 (p < 0.05).

Conclusions: This study revealed that GADD45B downregulation reduces pyroptosis by suppressing the NLRP3/Caspase-
1/GSDMD axis in HTG-AP, underscoring GADD45B as a promising therapeutic target and enhancing its clinical application.
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Introduction

Hypertriglyceridemia (HTG) is characterized by ele-
vated serum triglyceride (TG) levels, representing an un-
derlying metabolic disturbance [1]. When moderate to se-
vere acute pancreatitis (AP) is complicated by effusion or
necrosis, a variety of adverse events may occur, and cases
with persistent organ failure carry a high mortality risk [2].
HTG has been recognized as an etiologic factor in AP,
which is termed hypertriglyceridemia-induced acute pan-
creatitis (HTG-AP) [1]. HTG-AP most frequently occur
in patients with high serum TG levels, accounting for ap-
proximately 5% of AP cases when TG levels exceed 1000

mg/dL [3]. Although patients may exhibit mild symptoms
at onset, HTG-AP can progress rapidly to a critical state
with multiorgan failure [4]. Therapeutic interventions like
plasmapheresis and insulin therapy focus on rapid reduction
of TG levels, attenuate pancreatic inflammation, and pre-
serve organ function [5]. Nevertheless, the precise etiology
and progression of HTG-AP remain unexplored, underscor-
ing the need to delve into its molecular underpinnings and
uncover therapeutic targets to enhance patient outcomes.

Pyroptosis is a form of programmed cell death trig-
gered by activating pro-inflammatory inflammasomes, and
exhibits features of both apoptosis and necroptosis [6,7].
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This cell death mechanism is largely governed by the ini-
tiation of inflammatory responses involving proteins such
as the NLR family pyrin domain containing 3 (NLRP3)
and absent in melanoma 2 (AIM?2), which activate caspase-
1, thereby promoting the pyroptotic process. Caspase-1
activation enhances the secretion of pro-inflammatory cy-
tokines, notably interleukin (IL)-13 and IL-18 [8]. Fur-
thermore, pyroptosis has been linked to the pathogenesis
of various clinical conditions, including cardiovascular dis-
eases, neurodegenerative disorders, and HTG-AP [9-11].
A study by Wang et al. [12] revealed that baicalein can re-
duce cellular pyroptosis and inflammation in HTG-AP by
modulating the NLRP3/Caspase-1 axis, thereby attenuating
pancreatic injury. Thus, inhibiting pyroptotic cascades rep-
resents a potential therapeutic strategy for alleviating HTG-
AP symptoms.

Growth arrest and DNA damage-inducible beta
(GADDA45B), a member of the GADD45 family, play a cru-
cial role in stress responses [13]. It influences disease pro-
gression by regulating the cell cycle, increasing DNA re-
pair, and modulating cellular proliferation and cell death
cascades [14,15]. Studies have revealed that GADD45B
is integral to myeloid cell responses to differentiation-
inducing cytokines and inflammatory triggers [16] and has
been found to induce apoptosis in diabetic nephropathy
[17]. Moreover, elevated GADD45B levels have been
linked to lipid accumulation [18]. However, its precise role
in the pathogenesis of HTG-AP remains unknown.

Therefore, this study aimed to explore whether
GADD45B  exacerbates HTG-AP by facilitating
inflammation-induced pyroptosis. The impact of
GADD45B on pyroptosis was assessed utilizing both
cellular and animal models of HTG-AP in this study.
These findings are expected to lay a robust theoretical
foundation for the therapeutic potential of GADDA45B in
pancreatic disease management.

Materials and Methods

Cell Culture

ARA42]J, a rat pancreatic exocrine cell line (iCell-r002,
iCell, Shanghai, China), was seeded in F12K medium en-
riched with 10% fetal bovine serum (FBS) (R30423, Trans-
Gen Biotech, Beijing, China) and incubated at 37 °C with a
5% COq. Cells were confirmed by morphological identifi-
cation and tested negative for mycoplasma.

Cell Transfection and HTG-AP Cell Model
Establishment

AR42]J cells were transfected with si-NC, si-
GADDA45B, oe-GADD45B, or oe-NC plasmid (Azenta Life
Sciences, Suzhou, China) using Lipofectamine”? 3000
Transfection Reagent, adhering to the manufacturer’s
protocols (Invitrogen, Carlsbad, CA, USA). si-GADD45B
primer sequences were as follows: Forward primer: 5'-

CGUUCUGCUGCGACAAUGATT-3’, Reverse primer:
5’ UCAUUGUCGCAGCAGAACGTT-3'.  Forty-eight
hours post-transfection, the HTG-AP cell model was
induced by treating them with 0.5 mmol/L of palmitic
acid (PA) (B21705, Shanghai Yuanye Biotechnology
Co., Ltd., Shanghai, China) and 5 nM of caerulein (Cae)
(MB2573, Meilunbio, Dalian, China) [11]. After that, they
were incubated with NLRP3 inhibitor MCC950 (20 nM,
HY-12815, MedChemExpress, Monmouth Junction, NJ,
USA) for 12 hours. Finally, the cells were categorized into
two groups:

e Group 1: Control, Model, Model + si-NC, and
Model + si-GADD45B.

e Group 2: Control, Model, MCC950, oe-NC oe-
GADD45B, and 0e-GADD45B + MCC950.

Experimental Animals

Specific pathogen-free (SPF) male C57BL/6 mice
(weighed 18-22 g and aged 6—8 weeks) were procured from
Shanghai SLAC Laboratory Animal Breeding Company
(License No. SCXK (Hu) 2022-0004) and daily nurtured
and housed by Zhejiang Eyong Pharmaceutical R&D Co.,
Ltd. (License No. SYXK (Zhe) 2023-0027). Ethical ap-
proval for animal experiments was obtained from the Ethics
Committee of Zhejiang Eyong Pharmaceutical R&D Co.,
Ltd. Animal Center (Approval No. ZJEY-20230814-01).

Model Induction and Grouping

C57BL/6 mice (n = 48) were randomly allocated into
six groups (n = 8 per group), including the control group,
AP group, HTG group, HTG-AP group, HTG-AP + adeno-
associated virus (AAV)-NC group, and HTG-AP + AAV-
GADD45B group. To examine the effects of hyperlipi-
demia on pancreatitis, separate AP and HTG groups were
included. The HTG-AP mice model development followed
a previously published protocol [19]. Briefly, the HTG
model was constructed by intraperitoneal injection of 0.5
g/kg of P-407 (9003-11-6, Sigma, St. Louis, MO, USA)
once daily for 28 days in all groups except control and
AP. Subsequently, AP was induced in all groups except
control through intraperitoneal administration of Cae at a
total dose of 50 pg/kg at hourly intervals for 10 times.
For gene modulations, mice in the HTG+AP+AAV-shNC
and HTG+AP+AAV-shGADD45B groups were injected
with 5 x 10! vector genomes of AAV-shNC or AAV-
shGADDA45B (Azenta Life Sciences, Suzhou, China) in the
tail vein at 24, 48, and 72 hours before the first Cae dose
[20]. The control group received equivalent volumes of
phosphate buffer solution (PBS) following the same injec-
tion regimen. Twenty-four hours after model induction, all
mice were euthanized using carbon dioxide inhalation, and
blood and pancreatic tissues were harvested for further anal-
ysis.
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Table 1. Primers used in qPCR.

Gene Forward Primer (5'-3") Reverse Primer (5'-3")
Rat GADD45B GGCGGCCAAACTGATGAATG TGTATGACAGTTCGTGACCAGG
Rat B-actin GTCACCCACACTGTGCCCATCT ACAGAGTACTTGCGCTCAGGAG

GADD45B, growth arrest and DNA damage-inducible beta; qPCR, quantitative PCR.

Table 2. A list of antibodies used in Western blot analysis.

Antibody Source Cat No. Dilutions
GADDA45B antibody Affinity DF2375 1:1000
NLRP3 antibody Affinity DF7438 1:1000
Caspase-1 antibody Affinity AF5418 1:1000
Cleaved caspase-1 antibody Affinity AF4005 1:1000
GSDMD antibody Affinity AF4012 1:1000
Anti-rabbit IgG, HRP-linked antibody CST 7074 1:6000
(B-actin antibody Proteintech ~ 81115-1-RR 1:10,000

NLRP3, NLR family pyrin domain containing 3; GSDMD, gasdermin-D; HRP,

Horseradish peroxidase.

gPCR

Total RNA was isolated from AR42]J cells utilizing the
TRIzol reagent, and subsequently reverse-transcribed into
complementary DNA (cDNA) employing a reverse tran-
scription kit. Quantitative PCR (qPCR) was then conducted
using SYBR green (11201ES08, Yeasen, Shanghai, China).
The primer sequences employed for qPCR are detailed in
Table 1.

Western Blot Analysis

Total protein was extracted from pancreatic tissue
samples and AR42J cells using radio immunoprecipitation
(RIPA) lysis buffer (P0013B, Beyotime, Shanghai, China)
and quantified using a Bicinchoninic acid assay (BCA)
protein assay kit (P0012, Beyotime, Shanghai, China).
Following this, equivalent volumes of protein were re-
solved through 10% SDS-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred onto polyvinylidene diflu-
oride (PVDF) membranes (10600023, GE Healthcare Life,
Little Chalfont, Buckinghamshire, UK). Membranes were
sealed in 5% skimmed milk for 2 hours at room tempera-
ture and then underwent overnight incubation with primary
antibody at 4 °C. After washing with PBS, the membranes
were exposed to corresponding secondary antibodies for
one hour at room temperature. Finally, protein bands were
visualized using an enhanced chemiluminescence (ECL)
detection system. Details of the antibodies utilized in West-
ern blot analysis are presented in Table 2.

Cell Counting Kit-8 (CCK-8)

Following transfection and establishment of the
HTG+AP model, AR42J cells were seeded into 96-well
plates. At 24, 48, and 72 hours, 10 pL of CCK-8 so-
lution (C0039, Beyotime, Shanghai, China) was added to
each well and incubated for one hour at 37 °C. Absorbance

was then recorded at 450 nm using a microplate spec-
trophotometer (CMaxPlus, MD, Sunnyvale, CA, USA).
Cell viability was assessed as follows: Cell viability % =
(A450nm of each administered group — blank group means
A450nm) / (control group means A450nm — blank group
means A450nm).

Enzyme-Linked Immunosorbent Assay (ELISA)

Cell culture supernatants and mouse serum were col-
lected by centrifugation at 4000 rpm for 20 minutes. After
this, levels of IL-6 (RX203049M for mouse, RX302856R
for rat), IL-15 (RX203063M for mouse, RX302869R for
rat), IL-18 (RX203064M for mouse, RX302871R for rat),
tumor necrosis factor-a (TNF-a)) (RX202412M for mouse,
RX302058R for rat), and amylase (RX200929M for mouse,
RX300227R for rat) were determined using correspond-
ing ELISA kit (Quanzhou Ruixin Biotechnology Co., Ltd.,
Quanzhou, China), following the manufacturer’ protocols.

Hoechst 33342/Propidium lodide (PI) Staining Assay

Cell membrane integrity was assessed using
Hoechst/PI staining. AR42J cells seeded in 12-well
plates and harvested mice pancreatic tissues were stained
with 500 pL of Hoechst (C1025, Beyotime, Shanghai,
China) and PI (S19136, Shanghai Yuanye Biotechnology
Co., Ltd., Shanghai, China) solutions for 30 minutes at 4
°C in the dark, following the manufacturer’s instructions.
After staining, samples were rinsed with PBS and exam-
ined under a fluorescence microscope (Ts2-FC, Nikon,
Japan).

Transmission Electron Microscope (TEM)

ARA42] cells and pancreatic tissues were fixed in 2.5%
glutaraldehyde, dehydrated, permeabilized, and embedded.
Ultrathin sections of 70 nm were then prepared and stained
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Fig. 1. GADD45B interference attenuated AR42J cell death. (A) AR42] cells were transfected with si-GADD45B or si-NC. Then, 0.5
mmol/L palmitic acid and 5 nM caerulein were added to induce the HTG-AP cell model. qPCR was employed to assess the efficiency of
GADD45B siRNA transfection; n = 3. (B) The transfection efficiency of GADDA45B siRNA was evaluated using Western blot analysis;
n =3. (C) The CCK-8 assay was used to assess cell viability at 24, 48, and 72 hours after si-GADDA45B transfection; n = 3. (D,E)
Hoechst/PI staining assay detected cell membrane damage; x200, 100 pum; n = 3. AP, acute pancreatitis; **p < 0.01. GADD45B,

growth arrest and DNA damage-inducible beta; HTG, hypertriglyceridemia; HTG-AP, hypertriglyceridemia-induced acute pancreatitis;
PI, propidium iodide; qPCR, quantitative PCR; CCK-8, Cell Counting Kit-8.

with 100 uL of 50% ethanol-saturated hydrogen peroxide
acetate solution, and 100 pL of lead citrate for 15 min. Fi-
nally, the samples were visualized by TEM (H-7650, Hi-
tachi, Japan).

Hematoxylin & Eosin (HE) Staining

Mouse pancreatic tissues were first fixed in a
4% paraformaldehyde and then sequentially dehydrated,
cleared, and embedded in paraffin. Thin sections of approx-
imately 4 pm thickness were prepared and subsequently im-
mersed in hematoxylin (H3136, Sigma, St. Louis, MO,
USA) for 3 minutes, thoroughly washed, and counter-
stained with eosin (E4009, Sigma, St. Louis, MO, USA)
for 5 minutes. After final washing and clearing, sections
were blocked with a neutral resin and examined under a
microscope. Pathologic changes, including inflammatory
cell infiltration, pancreatic cell necrosis, and edema, were
scored following previously proposed criteria [21].

Immunofluorescence Staining

Mouse pancreatic tissues were initially fixed in 4%
paraformaldehyde, embedded, and cryosections of 4 pm
thickness were prepared. Sections were baked and dehy-
drated at 62 °C, followed by deparaffinization, and sub-
jected to antigen retrieval and permeabilization. The sec-
tions were then incubated overnight at 4 °C with GS-
DMD antibody (AF4012, Affinity, Melbourne, Australia,
dilutions: 1:100). On the following day, sections were
washed with PBS and incubated with a secondary anti-
body at room temperature for one hour. Nuclei were
stained with 2-(4-Amidinophenyl)-6-indolecarbamidine di-
hydrochloride (DAPI) (ab104139, Abcam, Cambridge,
MA, USA), and the sections were mounted. Finally, tissue
sections were examined under a fluorescence microscope,
and representative images were recorded.

Co-Immunoprecipitation (CO-IP)

Cells were washed with PBS and then lysed for 20
minutes in a pre-cooled lysis solution. Cell lysates were
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osis in the HTG-AP cell model. (A) ELISA was employed to evaluate

interleukin (IL)-6, tumor necrosis factor-aw (TNF-«), IL-13, IL-18, and amylase levels in the cells supernatants; n = 6. (B) TEM was

conducted to examine alterations in cellular ultrastructure; x5 k,

10 pm; %20k, 2 pm; red arrows indicate intracellular vesicles. (C,D)

Western blot analysis was used to quantify pyroptosis-related protein expression levels, including NLRP3, caspase-1, cleaved caspase-1,
GSDMD, and GADDA45B; n=3. *p < 0.05, **p < 0.01. ELISA, Enzyme-Linked Immunosorbent Assay; TEM, transmission electron

microscopy.

centrifuged, and the supernatant was pass through a 0.22
um membrane filter. The filtrate was incubated with 1gG
beads for 3 hours to remove impurities, then centrifuged,
and a portion of supernatant was reserved as the input con-
trol sample (mixed with 2x loading buffer). The remain-
ing lysate was incubated overnight with Protein A agarose
beads at 4 °C. Beads were washed and then incubated with
anti-Flag-tag and anti-c-Myc antibodies for one hour at
room temperature. Following a final wash with PBS, im-
mune complexes were eluted with 1x loading buffer and
boiled for 5 minutes. Samples were then stored at —20 °C
until Western blot analysis.

Statistical Analysis

Data were analyzed using SPSS 20.0 software (IBM
Corporation, Armonk, NY, USA). Continuous variables
were expressed as mean £ standard deviation (SD). For
normally distributed data, group comparisons were con-
ducted using one-way analysis of variance (ANOVA) with
Dunnett’s T3 post hoc test. However, non-normal dis-
tributed data was assessed using the Kruskal-Wallis H test.
A p-value of <0.05 was considered statistically meaning-
ful.

Results

GADDA45B Interference Attenuated Cell Death of
HTG-AP Stimulated AR42J Cells

AR42]J cells were transfected with si-NC or si-
GADDA45B, and transfection efficiency was confirmed us-
ing qPCR and Western blot analysis (Fig. 1A,B). CCK-8
results revealed that the model group showed a significant
reduction in cell viability at 48 and 72 hours compared to
the control group (p < 0.01). However, si-GADD45B treat-
ment substantially elevated cell viability at 72 hours com-
pared to the model + si-NC group (p < 0.01, Fig. 1C). After
HTG-AP induction using PA and Cae, Hoechst/PI staining
revealed a significantly higher cell death rate in the model
group (p < 0.01, Fig. 1D,E), an effect that was mitigated by
si-GADD45B (p < 0.01).

si-GADD45B Inhibited Inflammation and Pyroptosis
in HTG-AP Cell Model

Increased serum amylase is an indicator of HTG-AP
[22]. In this study, we assessed inflammation and pyrop-
tosis cytokines alongside amylase using ELISA (Fig. 2A).
The levels of IL-6, TNF-a, IL-153, IL-18, and amylases
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Fig. 3. Interaction between GADD45B and NLRP3 and construction of GADD45B overexpression cell lines. (A) Co-IP of Flag-
GADDA45B with Myc-NLRP3 from HEK293T cells. (B) Immunofluorescence detection of GADD45B co-localization with NLRP3;
%630, 10 pm. (C) qPCR revealed the transfection efficiency of GADD45B in AR42J cells. (D) Western blot analysis demonstrated the

transfection efficiency of GADD45B in AR42J cells. **p < 0.01.

were substantially higher in the model group than those in
the control group (p < 0.01), which were significantly re-
duced after si-GADDA45B treatment (p < 0.05 or p < 0.01).
As pyroptosis leads to cell membrane rupture [23], TEM
was applied to evaluate structural alterations (Fig. 2B).
Control cells demonstrated intact membranes without intra-
cellular vesicles, whereas model and model + si-NC cells
displayed abundant vesicle formation and membrane dis-
ruption. However, si-GADD45B treatment significantly re-
duced intracellular vesicle formation and promoted mem-
brane integrity. Furthermore, Western blot analysis showed
that si-GADD45B treatment substantially suppressed the
expression of NLRP3, cleaved caspase-1, gasdermin-D
(GSDMD), and GADD45B in the HTG-AP cell model (p
< 0.05 or p < 0.01, Fig. 2C,D).

GADD45B Overexpression Promoted Pyroptosis by
Activating NLRP3 in the HTG-AP Cell Model

The Co-IP assay confirmed the interaction between
GADD45B and NLRP3 (Fig. 3A), and the immunofluo-
rescence co-localization assay showed their co-localization
within the cytoplasm (Fig. 3B). In AR42J cells, the trans-
fection efficiency of oe-NC and oe-GADD45B were con-

firmed using qPCR and Western blot analysis, indicat-
ing substantially increased GADD45B levels (p < 0.01,
Fig. 3C,D).

CCK-8 assay showed that AR42J cell viability was
significantly reduced in the model group than in the control
group (p < 0.01), and viability was restored after MCC950
treatment (p < 0.05 or p < 0.01). In contrast, GADD45B
overexpression further inhibited viability (p < 0.05 or p <
0.01), an effect reversed after MCC950 addition (p < 0.05
or p < 0.01, Fig. 4A). Furthermore, GADD45B overex-
pression significantly elevated the levels of inflammatory
markers (IL-6, TNF-q, IL-13, and IL-18) and amylase (p
< 0.05 or p < 0.01), which were inhibited by MCC950
(Fig. 4B). TEM analysis showed a significant increase in
intracellular vesicles in the model group (p < 0.01), which
were reduced by MCC950 (p < 0.05) and further aug-
mented by GADD45B overexpression (p < 0.01) (Fig. 4C).
However, the impact of oe-GADD45B on the pyroptotic
body was offset by NLRP3 inhibition. Western blot anal-
ysis confirmed that MCC950 suppressed NLRP3 pathway
protein expression levels (p < 0.05 or p < 0.01), whereas
GADD45B overexpression activated this pathway, which
could be blocked by MCC950 (Fig. 4D).
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Fig. 4. GADD45B overexpression promoted pyroptosis by activating NLRP3 in the HTG-AP cell model. (A) The CCK-8 was
used to assess cell viability at 24, 48, and 72 hours; n = 6. (B) The levels of IL-6, IL-13, IL-18, TNF-«, and amylase were determined
using ELISA; n = 6. (C) The numbers of pyroptosome were observed using TEM; x5 k, 10 pm; %20 k, 2 um; yellow arrows indicate

pyroptosome. (D) Western blot analysis indicated protein expression levels of NLRP3, caspase-1, cleaved caspase-1, GSDMD, and

GADD45B; n = 3. *p < 0.05, **p < 0.01.

AAV-shGADD45B Transfection Improved Pancreatic
Tissue Injury in HTG-AP Mice Model

In the P-407 and Cae-induced HTG-AP mice mod-
els, the successful knockdown of GADD45B by AAV-
shGADD45B was confirmed (Fig. 5A). HE staining re-
vealed intact pancreatic tissue in control mice without sig-
nificant lesions, whereas the HTG group showed mild pan-
creatic injury. Conversely, the AP, HTG-AP, and HTG-
AP+AAV-shNC groups exhibited severe pancreatic tissue
edema, cellular necrosis, and a substantial inflammatory
cell influx (Fig. 5B). However, AAV-shGADD45B treat-
ment significantly alleviated these damages, reducing both
necrosis and inflammatory cell infiltration. Furthermore,
Hoechst/PI staining indicated increased cell death rates
in the AP and HTG-AP groups compared to the control
group (Fig. 5C,D), which was substantially decreased af-
ter the introduction of AAV-shGADD45B compared to the
HTG+AP+AAV-shNC group.

Introduction of AAV-shGADD45B Reduced
Inflammation and Pyroptosis in HTG-AP Mice Model

Serum levels of cytokines associated with inflamma-
tion and pyroptosis, as well as amylase, were assessed us-
ing ELISA (Fig. 6A). Relative to the control group, the AP,
HTG, and HTG-AP groups exhibited substantially higher
levels of IL-6, TNF-«, IL-13, and IL-18 (p < 0.01), and the
AP and HTG-AP groups also had increased amylase levels
(» < 0.01). However, AAV-shGADD45B treatment signif-
icantly reduced these markers in the HTG-AP mice model
(» < 0.01).

TEM showed distinct ultrastructural variations in mice
pancreatic tissue (Fig. 6B). We observed that cellular mor-
phology was preserved in control mice. In the AP group,
mitochondrial cristae were indistinct or absent, whereas the
HTG group displayed pronounced lipid droplets. The HTG-
AP and HTG-AP+AAV-shNC groups had nearly unrec-
ognizable mitochondria, distended endoplasmic reticulum,
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and abundant lipid droplets. Notably, AAV-shGADD45B
treatment significantly restored normal cellular architecture
in HTG-AP mice.

Immunofluorescence staining showed that GSDMD
expression was substantially elevated in the pancreatic tis-
sues of AP and HTG-AP mice (p < 0.01), and this in-
crease was effectively alleviated by AAV-shGADD45B
(p < 0.01, Fig. 7A,B). Furthermore, NLRP3, caspase-1,
cleaved caspase-1, GSDMD, and GADD45B levels were
significantly higher in the AP, HTG, and HTG-AP groups
compared to control group (Fig. 7C,D). However, the ex-
pression levels of these proteins were markedly declined
after AAV-shGADDA45B treatment.

Discussion

Severe HTG affects approximately 1.7% of adults,
with an estimated 15-20% risk of developing HTG-AP
[24]. Current therapeutic options for HTG-AP remain lim-

ited [5]. This study delved into the role of GADD45B in
HTG-AP in both cellular and mice models. Our findings
preliminarily uncovered that GADD45B knockdown, via
si-RNA in vitro or AAV-shRNA in vivo, suppressed cell
death, inflammation, and pyroptosis, mitigating HTG-AP
pathology.

Triglycerides (TG) are metabolized into free fatty
acids (FFAs) within the pancreas, exerting a direct cytotoxic
impact on pancreatic cells [25]. Concurrently, increased
lipid levels disrupt pancreatic microcirculation and trig-
ger systemic inflammatory reactions, further aggravating
pancreatic lesions [25]. Furthermore, the release of FFAs
not only contributes to AP progression but is also inked
to disease severity [26]. Clinically, AP is manifested by
pancreatic tissue edema, acinar cell necrosis, hemorrhage,
fat necrosis, and inflammatory infiltration [27]. Meng et
al. [28] observed edema and inflammatory cell infiltration
in both AP and HTG+AP rats. Similarly, our patholog-
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ical scoring showed significant elevations in the AP and
HTG+AP groups, confirming that HTG exacerbates pan-
creatic damage in AP.

Pyroptosis is a form of inflammatory cell death that
triggers both local and systemic immune responses by
releasing cytokines and summoning immune cells [29].
Key molecular indicators of pyroptosis include NLRP3
activation, caspase-1 cleavage, and GSDMD expression
[30]. Furthermore, the stimulation of NLRP3 inflam-
masome triggers pro-inflammatory cytokine release, such
as IL-18 and IL-15 [31]. Inhibition of NLRP3, cleaved
caspase-1, GSDMD-FL, GSDMD-N, IL-14, and IL-18 has
been reported to attenuate pyroptosis and inflammation in
HTG-AP [12]. Similarly, modulating the NLRP3/Caspase-
1/GSDMD pathway can protect against intestinal dam-
age in severe AP [32], and FFAs can intensify inflamma-
tion through the NLRP3-caspasel pathway in these set-
tings [27]. Morphologically, pyroptosis is characterized by
cell swelling and membrane rupture [33]. Consistent with
these observations, our HTG-AP cellular and mice models
showed significant elevations in IL-6, TNF-«, IL-15, and
IL-18 levels, along with increased cell death rates. Further-
more, NLRP3, cleaved caspase-1, and GSDMD levels were
significantly upregulated in both cellular and animal HTG-
AP models. TEM further revealed a notable increase in
intracellular vesicles and membrane rupture, all of which
were reversed by the NLRP3 inhibitor MCC950. These
results validate the crucial role of the NLRP3/Caspase-
1/GSDMD pathways in regulating during HTG-AP.

Furthermore, this study confirmed the interaction be-
tween GADD45B and NLRP3 via Co-IP experiments.

Functional assays using GADD45B knockdown and
overexpression demonstrated that GADD45B regulates
NLRP3/Caspase-1/GSDMD pathways. Although few stud-
ies report a direct link between GADD45B and NLRP3, ex-
isting evidence indicates indirect regulatory mechanisms.
For example, GADD45B can impact Reactive Oxygen
Species (ROS) levels or nuclear factor-xB (NF-xB) sig-
naling, and it regulates the p38/JNK axis, with p38 known
to phosphorylate and activate NLRP3 [34,35]. These find-
ings indirectly corroborate our findings. Additionally, cel-
lular experiments did not reveal significant changes in to-
tal caspase-1 protein levels, possibly due to the short stim-
ulation period being insufficient to activate caspase-1. In
contrast, in animal models, prolonged hyperlipidemia and
pancreatic injury over several days may accumulate suffi-
cient damage-associated molecular patterns (DAMPs) that
promote persistent caspase-1 activation, accounting for the
intergroup difference found [36].

Aberrant GADDA45B expression has been observed in
the pathogenesis and is known to contribute to both inflam-
mation and cell death [37-39]. GADDA45B expression is
triggered by inflammatory cytokines, including IL-6, IL-12,
IL-18, and TNF-« [16], and upregulation of GADD45B has
been found to enhance IL-13, IL-8, and TNF-« levels [40].
Furthermore, a study by Lu [41] revealed that IL-18 drives
GADD45B expression. In the present study, IL-6, TNF-
a, IL-13, and IL-18 levels declined, and NLRP3, cleaved
caspase-1, and GSDMD expression were repressed after si-
GADDA45B or AAV-shGADDA45B intervention. Moreover,
cell death was inhibited in vitro after GADD45B was inter-
fered with by either si-RNA or AAV-shRNA, and pancreatic
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histopathology ameliorated in vivo. Importantly, NLRP3
inhibitor MCC950 offset the pro-pyroptotic effect of oe-
GADDA45B in HTG-AP cells, suggesting that GADD45D
down-regulation inhibits cellular pyroptosis and improves
HTG-AP pathology.

Despite providing preliminary insights into the role
of GADD45B in HTG-AP, we acknowledge several limi-
tations in this study. First, although separate AP and HTG
groups were included in in vivo experiments, future study
should apply more robust study designs to elucidate their in-
dividual and combined impacts. Second, this study mainly
relied on in vitro cell culture and animal models, which may
not fully capture the complexities of human diseases or their
pathological spectrum. Therefore, future studies should ex-
plore GADD45B’s mechanisms in HTG+AP and its clinical
significance by analyzing patient samples and validating in
additional AP models. Furthermore, the present study sug-
gests that GADD45B downregulation provides a novel ther-
apeutic perspective for HTG-AP. However, this viable ther-
apy presents multiple challenges: identifying approaches

for specific GADDA45B targeting, optimizing delivery sys-
tems, adjusting dosing schedules, and establishing thera-
peutic windows; developing reversible modulation tools,
such as small-molecule inhibitors or inducible knockout
systems, alongside existing therapies, and assessing possi-
ble adverse effects and safety profiles, will be crucial for
future clinical utility.

Conclusions

In conclusion, down-regulation of GADD45B signif-
icantly reduced cell death, cytokine release, and pyrop-
tosis while attenuating pathological changes in pancreatic
tissues in both HTG-AP cells and mice models. These
beneficial effects were driven by the inhibition of the
NLRP3/Caspase-1/GSDMD pathway, preventing pyrop-
totic injury. These findings not only underscore GADD45B
as a novel therapeutic target in HTG-AP but also provide a
foundation for future investigations to further elucidate its
mechanism and develop targeted treatments.
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