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Our previous studies confirmed that autophagy re-
duces oxidative stress-induced NLRP3 inflammasome 
activation, thereby protecting pancreatic islet β-cells 
from inflammatory damage. The NLRP3 inflamma-
some is a multiprotein complex consisting of NLRP3, 
ASC, and pro-caspase-1. Pyroptosis is an inflamma-
some-mediated form of programmed cell death [7]. 
The NLRP3 inflammasome activates caspase-1. Cleaved 
caspase-1 then processes pro-IL-1β and pro-IL-18 into 
mature IL-1β and IL-18 and cleaves GSDMD to gener-
ate GSDMD-N, which has membrane pore-forming 
activity. Thus, pyroptosis is characterized by caspase-1-
-mediated lytic cell death and the release of mature 
IL-1β and IL-18 [8, 9]. An increasing number of studies 
suggest that GSDMD-N-mediated pyroptosis promotes 
the progression of T2DM [10, 11]. NF-κB regulates 
NLRP3 expression, which represents one of the two 
key checkpoints in NLRP3 inflammasome activation 
[12]. Therefore, NF-κB, the NLRP3 inflammasome, 
GSDMD-N, and IL-1β play important roles in inflam-
mation and pyroptosis in T2DM.

Introduction 

Type 2 diabetes mellitus (T2DM) has emerged as 
a serious public health issue, and its prevalence has 
increased at an alarming rate worldwide in recent 
decades. An estimated 529 million people had diabetes 
worldwide in 2021, and this figure is expected to reach 
1.31 billion by 2050 [1]. T2DM is a complex metabolic 
disorder, and pancreatic β-cell dysfunction and insulin 
resistance are central to its pathogenesis [2]. Moreover, 
T2DM is an inflammatory disease [3]. Immune cells, 
such as macrophages, infiltrate the islets of patients with 
T2DM; IL-1β and other proinflammatory cytokines are 
elevated; and chronic islet inflammation contributes 
substantially to pancreatic β-cell dysfunction [4, 5]. 
High glucose increases the production and release of 
IL-1β in human islets, followed by NF-κB activation 
and impaired β-cell function [4]. Moreover, activated 
NF-κB initiates pro-IL-1β transcription. A recent study 
also showed that blocking IL-1β signaling ameliorates 
glycemia and restores insulin secretion in β-cells [6]. 
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Abstract 
Introduction: β-cell dysfunction and insulin resistance are hallmarks of type 2 diabetes mellitus (T2DM), in which inflammation and py-
roptosis are critically involved. Tripartite motif protein 32 (TRIM32) participates in inflammation and programmed cell death, but its role in 
β-cell dysfunction remains unclear. This study investigated the role of TRIM32 in inflammation and pyroptosis in rat insulinoma (INS-1) cells.
Material and methods: INS-1 cells were cultured under high-glucose conditions. Real-time quantitative polymerase chain reaction (RT-qPCR) 
was used to determine TRIM32 gene expression. Western blot analysis was performed to examine the expression of proteins associated 
with inflammation and pyroptosis. TUNEL staining and lactate dehydrogenase (LDH) release assays were performed to quantify cell 
death. Rescue experiments were conducted to verify the findings.
Results: TRIM32 overexpression promoted inflammation and pyroptosis in INS-1 cells under high-glucose conditions, whereas TRIM32 
silencing had the opposite effects. In addition, BAY 11-7082 blocked the NF-κB/NLRP3 signaling pathway and significantly attenuated 
inflammation and pyroptosis in INS-1 cells under high-glucose conditions.
Conclusions: TRIM32 overexpression promoted inflammation and pyroptosis in INS-1 cells partly through the NF-κB/NLRP3 signaling 
pathway under high-glucose conditions. (Endokrynol Pol 2026; 77 (x): xx–xx)
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podocytes [25]. These findings led us to postulate that 
TRIM32 participates in β-cell inflammation and pyrop-
tosis via the NF-κB/NLRP3 signaling pathway.

The results of this study demonstrated that TRIM32 
overexpression aggravated high glucose (HG)-induced 
inflammation and pyroptosis in INS-1 cells, whereas 
TRIM32 silencing had the opposite effects. Blockade 
of the NF-κB/NLRP3 pathway significantly attenu-
ated HG-induced inflammation and pyroptosis in 
INS-1 cells. Our study provides new insight into the role 
of TRIM32 in inflammation and pyroptosis in INS-1 cells 
and supports its potential value as a future therapeutic 
target for T2DM (Graphical abstract).

Material and methods

Cell culture
The rat insulinoma cell line INS-1 used in this study was pro-
vided by the Department of Endocrinology, The Second Affiliated 
Hospital of Harbin Medical University (Heilongjiang, China). INS-1 
cells were cultured in RPMI-1640 medium (Invitrogen, Carlsbad, 
CA, USA). RPMI-1640 medium containing 11.1 mmol/L glucose was 
used as the standard culture condition for INS-1 cells. Therefore, 
11.1 mmol/L glucose served as the control condition in this study. 
The culture medium was supplemented with 10% fetal bovine 
serum (FBS) and 1% penicillin/streptomycin. Cells were cultured 
in a humidified incubator at 37°C with 5% CO2.

TRIM family proteins constitute the largest subfamily 
of RING E3 ubiquitin ligases and play significant roles 
in cancer, autoimmune diseases, and inflammatory dis-
eases by regulating NF-κB transcriptional activity [13, 
14]. NF-κB activation is essential for the transcriptional 
induction of TRIM37 during hepatitis B virus infection 
[15], and TRIM14 is involved in psoriasis progression by 
activating the NF-κB pathway [16]. TRIM46 overexpres-
sion also activates the NF-κB pathway in pancreatic can-
cer cells [17]. The TRIM family member pyrin/TRIM20, 
a canonical inflammasome component, is implicated 
in IL-1β and IL-18 production and pyroptosis [18, 19]. 
Furthermore, TRIM29 promotes podocyte pyroptosis un-
der diabetic conditions by activating the NF-κB/NLRP3 
inflammasome pathway [20]. TRIM32 is involved in in-
testinal inflammation through robust activation of NF-κB 
signaling [21] and activates NF-κB signaling and NLRP3 
in rheumatoid arthritis [22]. Another study indicated 
that TRIM32 may promote NF-κB signaling activation 
[23]. Furthermore, TRIM32 contributes to diet-induced 
hepatic insulin resistance by targeting the insulin recep-
tor for degradation [24]. Chen et al. showed that TRIM32 
expression is increased in the glomeruli of diabetic 
mice and that TRIM32 regulates high glucose-induced 
apoptosis, oxidative stress, and inflammatory injury in 
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Graphical Abstract. The role of TRIM32 in INS-1 cell dysfunction was investigated; this study demonstrated that TRIM32 
overexpression promoted inflammation and pyroptosis in INS-1 cells under high-glucose conditions; mechanistic studies suggested 
that TRIM32 may act partly through the NF-κB/NLRP3 signaling pathway
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Reagents and antibodies
BAY 11-7082, bicinchoninic acid (BCA) kit, and penicillin/streptomy-
cin were purchased from Beyotime (Shanghai, China). TRIzol reagent 
and DAPI were obtained from Sigma–Aldrich (St. Louis, MO, USA). 
The cDNA First-Strand Synthesis Kit and SYBR Green Master Mix 
were purchased from Roche (Basel, Switzerland). LipoFiter 3.0 was 
obtained from Hanbio Biotechnology (Shanghai, China), and FBS 
was obtained from Sijiqing Biological Engineering Materials Co., Ltd 
(Hangzhou, China). Antibodies against TRIM32 were purchased 
from Bioss (Beijing, China). NLRP3, NF-κB p65, phospho-NF-κB 
p65, cleaved caspase-1, ASC, IL-18, and IL-1β were purchased from 
Wanleibio (Shenyang, Liaoning, China). GSDMD-N and horseradish 
peroxidase (HRP)-conjugated goat anti-rabbit IgG antibodies were 
purchased from ABclonal (Wuhan, China).

Total RNA isolation and real-time quantitative 
polymerase chain reaction
Total RNA was isolated from cell samples using TRIzol reagent. 
A First-Strand cDNA Synthesis Kit was used to synthesize cDNA 
according to the manufacturer ’s instructions. Quantitative 
PCR was performed using SYBR Green Master Mix on a CFX96 
Real-Time System. The primer sequences were as follows: 
rat TRIM32, forward: 5′-CCGGGAAGTGCTAGAATGTC-3′ 
and reverse: 5′-CAGCGGACACCATTGATGCT-3′; rat GAPDH, 
forward: 5 ′-ATGCCGCCTGGAGAAACC-3 ′  and reverse: 
5′-GCATCAAAGGTGGAAGAATGG-3′. GAPDH mRNA was used 
as the endogenous control, and relative gene expression was cal-
culated using the comparative Ct method (2−ΔΔCt).

Western blot analysis
Proteins were extracted from cells using radioimmunoprecipitation 
assay (RIPA) lysis buffer containing 1% phenylmethylsulfonyl fluo-
ride (PMSF). Protein concentrations were determined using a BCA 
kit. Equal amounts of protein were separated by gel electrophoresis 
and then transferred to polyvinylidene difluoride membranes. 
Sodium dodecyl sulfate-polyacrylamide gels (10% and 12%) were 
used. Membranes were blocked with 5% skim milk for 2 h and then 
incubated with primary antibodies overnight at 4°C. Subsequently, 
HRP-conjugated secondary antibodies were added for 1 h at room 
temperature. Protein bands were visualized using an enhanced 
chemiluminescence (ECL) detection system ((Pierce; Thermo Fisher 
Scientific, Rockford, IL, USA)) according to the supplier’s instruc-
tions. Primary antibodies against the following proteins were used: 
TRIM32, NLRP3, NF-κB p65, phospho-NF-κB p65, GSDMD, cleaved 

caspase-1, ASC, IL-18, IL-1β, and β-actin. Detailed information on 
the antibodies is provided in Table 1.

Plasmid construction and cell transfection
For TRIM32 overexpression in INS-1 cells, full-length TRIM32 was 
inserted into the pcDNA3.1-CMV-EF1-ZsGreen-T2A-puro vector. 
Short hairpin RNA (shRNA) sequences targeting mouse Trim32 
were inserted into the pcDNA3.1-U6-MCS-CMV-ZsGreen-T2A-pu-
ro vector. The shRNA sequence was designed based on the literature 
[26] and was as follows (5′ to 3′): GATCTTCAGGCAAGGTATA. Cell 
transfection was performed according to the manufacturer’s pro-
tocol (Hanbio Biotechnology, Shanghai, China), and transfection 
efficiency was subsequently assessed. Images were acquired using 
a Leica DM 4000B fluorescence microscope.

Lactate dehydrogenase assay
Lactate dehydrogenase (LDH) activity in the cell supernatant 
was determined using an LDH cytotoxicity assay kit (Elabscience, 
Wuhan, China) according to the manufacturer’s protocol and was 
used to quantify cell death. Briefly, cell supernatant (50 µL) and reac-
tion solution (50 µL) were added to the kit reagent and incubated 
for 10 min at 37°C, after which stop solution was added. Absorbance 
was measured at 450 and 600 nm using a microplate reader (Tecan, 
Männedorf, Switzerland).

Terminal deoxynucleotidyl transferase dUTP 
nick-end labeling assay
Cell death was evaluated using a terminal deoxynucleotidyl trans-
ferase dUTP nick-end labeling (TUNEL) detection kit (Yuhengbio, 
Suzhou, Jiangsu, China). Briefly, cells were fixed with 4% parafor-
maldehyde for 30 min and permeabilized with phosphate-buffered 
saline (PBS) containing 0.1% Triton X-100 for 10 min. A TUNEL 
reaction mixture (50 μL) was then added to the cells, which were 
incubated in the dark for 1 h. DAPI was used to counterstain 
the nuclei. Images were acquired using fluorescence microscopy.

Statistical analyses
All data are presented as the mean ± standard deviation (SD) from 
three independent experiments. Statistical analyses were performed 
using SPSS v. 25.0 (IBM Corp., Armonk, NY, USA) and GraphPad 
Prism v. 8.0 (GraphPad Software, San Diego, CA, USA). Data were 
analyzed using one-way analysis of variance (ANOVA) or Student’s 
t test. P < 0.05 was considered statistically significant.

Table 1. Antibodies used for Western blot analysis

 Proteins Dilution Cat. no

Primary antibodies

TRIM32 1:1000 BAS-bs-0964R

NLRP3 1:1000 WL02635j

NF-κB p65 1:800 WL01273bj

Phospho-NF-κB p65 1:800 WL02169j

GSDMD 1:1000 A10164

Cleaved caspase-1 1:800 WL02996aj

ASC 1:500 WL02462j

IL-18 1:1000 WL01127j

IL-1β 1:500 WL00891j

β-actin 1:1000 WL01372j

Secondary antibody

HRP-goat anti-rabbit IgG 1:5000 S0001
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Results

Construction of TRIM32-overexpressing 
and TRIM32-silenced INS-1 cells
Our previous studies demonstrated that TRIM32 ex-
pression was upregulated in the peripheral blood of 
patients with T2DM and that high glucose induced 
TRIM32 expression in INS-1 cells in a concentra-
tion- and time-dependent manner [27]. To examine 
the role of TRIM32 in HG-induced inflammatory 
damage and pyroptosis, we generated INS-1 cells 
overexpressing TRIM32 (oeTRIM32) or with TRIM32 
silenced (shTRIM32). Transfection efficiency was as-
sessed using fluorescence microscopy, western blotting, 
and real-time quantitative polymerase chain reaction 
(RT-qPCR) (Fig. 1).

TRIM32 overexpression promoted 
the inflammatory response in INS-1 cells under 
HG conditions
Previous studies have demonstrated that activation 
of NF-κB and the NLRP3 inflammasome contributes 
to pancreatic islet β-cell dysfunction [28]. To evaluate 
the effect of TRIM32 on HG-induced inflammatory 
damage, INS-1 cells were induced to overexpress or 
silence TRIM32 and exposed to HG for 48 h. The protein 
expression levels of NF-κB and NLRP3 inflammasome 

components were then assessed by western blotting. 
The expression levels of phosphorylated NF-κB p65, 
NLRP3, cleaved caspase-1, ASC, IL-1β, and IL-18 were 
higher in the HG-treated TRIM32-overexpression group 
than in the HG group. TRIM32 silencing had the op-
posite effects (Fig. 2). These western blotting results 
indicated that TRIM32 overexpression exacerbated 
HG-induced inflammation.

TRIM32 overexpression promoted HG-induced 
pyroptosis in INS-1 cells
TRIM32 overexpression increased the protein expression 
levels of NLRP3 inflammasome components, cleaved 
caspase-1, IL-1β, and IL-18 in INS-1 cells. We then deter-
mined the effect of TRIM32 on pyroptosis. As shown in 
Figure 3, GSDMD-N protein expression, LDH activity, 
and the number of TUNEL-positive cells were assessed to 
determine the role of TRIM32 in pyroptosis in INS-1 cells. 
GSDMD-N protein expression was significantly increased 
in HG-treated TRIM32-overexpressing INS-1 cells (Fig. 3A). 
Lactate dehydrogenase activity was measured in cell culture 
supernatants at the indicated time points. Lactate dehydro-
genase release from TRIM32-overexpressing cells cultured 
under HG conditions was significantly higher than that 
from cells in the HG group (Fig. 3B). Terminal deoxynucleo-
tidyl transferase dUTP nick-end labeling staining showed 
that the number of TUNEL-positive cells was significantly 

Figure 1. Construction of INS-1 cells with TRIM32 overexpression or silencing; A. Transfection efficiency was assessed by fluorescence 
microscopy; B. TRIM32 protein levels were measured by western blotting; C. TRIM32 mRNA levels were measured by real-time 
quantitative polymerase chain reaction; *p < 0.05; **p < 0.01; all experiments were repeated at least three times, and data are presented 
as the mean ± standard deviation; oe — overexpression; sh — silencing
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higher in the HG-treated TRIM32-overexpression group 
than in the HG group (Fig. 3C). However, TRIM32 silencing 
in INS-1 cells had the opposite effects.

TRIM32 overexpression promoted HG-induced 
inflammation and pyroptosis through  
the NF-κB/NLRP3 axis in INS-1 cells
To further determine the relationship between TRIM32 
and NF-κB/NLRP3-mediated inflammation and pyrop-
tosis, TRIM32-overexpressing or TRIM32-silenced INS-1 
cells were cultured under HG conditions with BAY 
11-7082. Lactate dehydrogenase release and the num-
ber of TUNEL-positive cells were markedly decreased 
in the BAY 11-7082-treated group (Fig. 3B and Fig. 4A). 
NF-κB blockade reduced GSDMD-N protein expression 
(Fig. 4B). The protein expression levels of NLRP3, cleaved 
caspase-1, ASC, IL-1β, and IL-18 were also significantly 
reduced by BAY 11-7082 (Fig. 4CD). Collectively, these re-
sults demonstrated that TRIM32 overexpression promoted 
HG-induced inflammation and pyroptosis by regulating 
the NF-κB/NLRP3 signaling pathway.

Discussion

This study demonstrated that TRIM32 played a criti-
cal role in HG-induced damage in INS-1 cells. TRIM32 
expression was elevated in the peripheral blood of 
patients with T2DM, and HG stimulated TRIM32 ex-
pression in INS-1 cells [27]. TRIM32 overexpression 
promoted HG-induced inflammatory injury and py-
roptosis, partly through the NF-κB/NLRP3 signaling 
pathway.

As the prevalence of T2DM continues to rise, 
the number of people with diabetic complications is 
expected to reach an unprecedented level [1]. Thus, new 
therapeutic targets are urgently needed. Inflammation, 
oxidative stress, autophagy, apoptosis, and pyroptosis 
play essential roles in the pathogenesis of T2DM and its 
complications [29–33]. Reducing inflammation and py-
roptosis may represent a therapeutic strategy for T2DM 
and its complications. TRIM32, a member of the TRIM 
protein family, has been reported to contribute to insu-
lin resistance in various metabolic conditions, including 

Figure 2. Effect of TRIM32 overexpression on the inflammatory response in high-glucose (HG-)treated INS-1 cells; protein levels of 
phosphorylated NF-κB p65 (p-NF-κB p65), NLRP3, ASC, cleaved caspase-1 (cl .cap-1), IL-1β, and IL-18 were detected by western blot; 
all experiments were repeated at least three times, and the data are presented as the mean ± standard deviation; *p < 0.05; **p < 0.0; 
oe — overexpression; sh —silencing; t-NF-κB p65 — total NF-κB p65; 
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diabetes mellitus (DM) and metabolic syndrome [24]. In 
our previous study, we demonstrated that TRIM32 mod-
ulates autophagic cell death in pancreatic β-cells through 
the Akt/mTOR pathway [27]. However, the effect of 
TRIM32 on pancreatic β-cell inflammation and pyropto-
sis has not been reported. Our previous results indicated 
that TRIM32 expression is elevated in the peripheral 
blood of patients with T2DM, but the underlying mecha-
nism remains unclear. The effect of TRIM32 upregulation 
in the peripheral blood of patients with T2DM requires 
further investigation. We therefore examined the effect of 
HG on TRIM32 expression in INS-1 cells and found that 
TRIM32 was highly expressed in HG-treated INS-1 cells. 
Recent studies have demonstrated that TRIM32 is in-
volved in inflammation through the regulation of NF-κB  
signaling in rheumatoid arthritis [22] and plays a critical 
role in HG-induced inflammatory injury and oxidative 
stress in podocytes [25]. However, whether TRIM32 is in-
volved in inflammation in INS-1 cells remains unknown.

Inflammation is implicated in the development of 
T2DM and its complications. Inflammatory markers are 

often elevated in patients with T2DM, and inhibition 
of inflammatory signaling pathways has been shown 
to reduce insulin resistance and improve hyperglyce-
mia in animal models [34]. The NLRP3 inflammasome 
has been one of the most extensively studied inflam-
masomes over the past decade and is considered 
a therapeutic target for various diseases, including 
T2DM [35–37]. The NF-κB/NLRP3 signaling pathway is 
involved in the pathogenesis of multiple inflammatory 
diseases [38–40]. The present study demonstrated that 
TRIM32 silencing reduced the HG-induced inflam-
matory response and cell death. However, studies on 
the mechanisms by which TRIM32 modulates inflam-
mation in INS-1 cells are lacking.

Pyroptosis (“fiery death”) is a form of inflam-
matory caspase-mediated programmed cell death. 
The canonical inflammasome pathway activates 
the inflammatory caspase-1, which promotes inflam-
matory cytokine release and pyroptotic cell death 
[41]. The activated NLRP3 inflammasome converts 
pro-caspase-1 into cleaved caspase-1, which then 

Figure 3. TRIM32 overexpression promoted pyroptosis in high-glucose (HG)-treated INS-1 cells; A. The protein level of GSDMD-N 
was measured by western blotting; the cell death of INS-1 cells was measured by lactate dehydrogenase (LDH) release (B) and terminal 
deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) staining (C); all experiments were repeated at least three times, and the data 
are presented as the mean ± standard deviation; *p < 0.05; **p < 0.01; ns — nonsignificant; oe — overexpression; sh — silencing
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cleaves GSDMD and proinflammatory cytokines to 
generate pore-forming GSDMD-N and mature cyto-
kines (IL-1β and IL-18). Subsequently, pores form in 
the cell membrane, resulting in the release of IL-1β 
and IL-18 and pyroptotic cell death [42]. In this study, 
the protein levels of IL-1β, IL-18, and GSDMD-N 
were significantly elevated in the HG-treated 
TRIM32-overexpressing INS-1 cell group. When 
HG-treated cells were cocultured with BAY 11-7082, 

NF-κB was inhibited in TRIM32-overexpressing INS-1 
cells, and the inflammatory response and pyroptosis 
were attenuated (Fig. 4). These findings demon-
strated that TRIM32 regulated inflammation and py-
roptosis in INS-1 cells partly via the NF-κB/NLRP3 
signaling pathway.

As discussed above, TRIM32 plays multiple roles  
in diverse physiological processes, including apoptosis,  
inflammation, oxidative stress, autophagy, neuronal 

Figure 4. BAY 11-7082 reversed the effects of TRIM32 overexpression on inflammatory response and pyroptosis in INS-1 cells under 
high-glucose (HG) conditions; A. The cell death of INS-1 cells was measured by terminal deoxynucleotidyl transferase dUTP nick-end 
labeling (TUNEL) staining; B. The protein level of GSDMD-N was measured by western blotting; CD. Protein levels of phosphorylation 
of NF-κB p65 (p-NF-κB p65), NLRP3, ASC, cleaved caspase-1 (cl. cap-1), IL-1β, and IL-18 were detected by western blotting; all 
experiments were repeated at least three times, and the data are presented as the mean ± standard deviation; *p < 0.05; **p < 0.01; 
oe — overexpression; sh — silencing; t-NF-κB p65 — total NF-κB p65
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development and differentiation, and cell prolif-
eration. The present study indicated that TRIM32 
regulates inflammation and pyroptosis in INS-1 
cells partly via the NF-κB/NLRP3 signaling path-
way. However, the regulatory effects of TRIM32 on 
apoptosis and oxidative stress in INS-1 cells have 
not been studied and require further investiga-
tion. Furthermore, TRIM32 inhibition attenuates 
HG-induced apoptosis, oxidative stress, and inflam-
matory injury in podocytes, and TRIM32 may also 
play an important role in the pathogenesis of diabetic 
nephropathy by mediating podocyte injury [25]. 
Several TRIM proteins are also involved in the regula-
tion of diabetic complications. For example, TRIM46 
contributes to the progression of diabetic retinopathy 
by promoting GPX4 ubiquitination, which in turn ex-
acerbates high glucose-induced ferroptosis in human  
retinal capillary endothelial cells (HRCECs) [43]. 
TRIM63 is associated with the pathogenesis of 
diabetic nephropathy [44] and diabetes-associated 
muscular dystrophy [45]. In addition, TRIM32 plays 
a protective role against aortic banding-induced 
cardiac hypertrophy [46]. Moreover, mutations in 
TRIM32 cause limb-girdle muscular dystrophy 2H 
(LGMD2H), and TRIM32 inhibition leads to defec-
tive autophagy accompanied by elevated levels of 
reactive oxygen species [47]. A complex consisting 
of the ubiquitin ligase TRIM32 and the deubiquiti-
nating enzyme USP7 balances c-Myc ubiquitination 
and determines neural stem cell fate [48]. However, 
the effects of TRIM32 on diabetic cardiomyopathy, 
diabetic retinopathy, diabetes-related muscular atrophy, 
and diabetic neuropathy have not been investigated. 
Further research may establish TRIM32 as a promising 
therapeutic target for T2DM and its complications.

Conclusions

The results of this study indicate that TRIM32 regulates 
inflammation and pyroptosis in INS-1 cells partly via 
the NF-κB/NLRP3 signaling pathway. Our findings sug-
gest that TRIM32 may be a novel target for improving 
pancreatic β-cell function in T2DM. However, the pre-
cise role of TRIM32 in pancreatic β-cell dysfunction 
requires further investigation in animal models in vivo. 
The effects of TRIM32 on apoptosis and oxidative stress 
in pancreatic β-cells also require further study.

Data availability statement
Data used and/or analyzed during the study are available from 
the corresponding author upon reasonable request.

Role of artificial intelligence in creating content
No generative artificial intelligence tools were used in the prepara-
tion of this manuscript.

Ethics statement
Not required. 

Author contributions
Y.L. and T. W.: designed the studies; T.W., H.W., Ch.W. and Y.W.: 
performed the experiments; T.W., H.W., Ch.W. and Y.W. and X.L.: 
analyzed the data; T.W.: the first draft of the manuscript. All authors 
revised the manuscript, read and approved the final manuscript.

Funding
This work was supported by the National Natural Science 
Foundation of China (Grant number 81770820), the Natural 
Science Foundation of Guangdong Province, and the Liaoning 
Provincial Science and Technology Plan Joint Plan (Grant number 
2025110243-JH3/4700).

Acknowledgments
None.

Conflict of interest
All authors have no competing interests to declare that are relevant 
to the content of this article.

Supplementary material
None.

References
1.	 GBD 2023 Breast Cancer Collaborators, GBD 2023 Cancer Collabora-

tors, GBD 2021 Tobacco Forecasting Collaborators, GBD 2021 Diabetes 
Collaborators. Global, regional, and national burden of diabetes from 
1990 to 2021, with projections of prevalence to 2050: a systematic 
analysis for the Global Burden of Disease Study 2021. Lancet. 2023; 
402(10397): 203–234, doi: 10.1016/S0140-6736(23)01301-6, indexed in 
Pubmed: 37356446.

2.	 American Diabetes Association. 2. Classification and diagnosis of 
diabetes: Standards of Medical Care in Diabetes-2021. Diabetes Care. 
2021. Diabetes Care. 2021; 44(Suppl 1): S15–S33, doi: 10.2337/dc21-S002, 
indexed in Pubmed: 33298413.

3.	 Gao D, Jiao J, Wang Z, et al. The roles of cell-cell and organ-organ cross-
talk in the type 2 diabetes mellitus associated inflammatory microenvi-
ronment. Cytokine Growth Factor Rev. 2022; 66: 15–25, doi: 10.1016/j.
cytogfr.2022.04.002, indexed in Pubmed: 35459618.

4.	 Böni-Schnetzler M, Meier DT. Islet inflammation in type 2 diabetes. 
Semin Immunopathol. 2019; 41(4): 501–513, doi: 10.1007/s00281-019-
00745-4, indexed in Pubmed: 30989320.

5.	 Ying W, Fu W, Lee YS, et al. The role of macrophages in obesity-associated 
islet inflammation and β-cell abnormalities. Nat Rev Endocrinol. 2020; 
16(2): 81–90, doi: 10.1038/s41574-019-0286-3, indexed in Pubmed: 31836875.

6.	 Yoda M, Nomura N, Yoda S, et al. Genetically modified hypersecreting 
IL-1ra improves glucose metabolism and modulates the gut microbiota in 
an obese mouse model. J Diabetes Res. 2026; 2026: 6006491, doi: 10.1155/
jdr/6006491, indexed in Pubmed: 41635835.

7.	 Christgen S, Tweedell RE, Kanneganti TD. Programming inflammatory 
cell death for therapy. Pharmacol Ther. 2022; 232: 108010, doi: 10.1016/j.
pharmthera.2021.108010, indexed in Pubmed: 34619283.

8.	 Kesavardhana S, Malireddi RK, Kanneganti TD. Caspases in cell death, 
inflammation, and pyroptosis. Annu Rev Immunol. 2020; 38: 567–595, 
doi: 10.1146/annurev-immunol-073119-095439, indexed in Pubmed: 
32017655.

9.	 Hu JJ, Liu X, Xia S, et al. FDA-approved disulfiram inhibits pyroptosis 
by blocking gasdermin D pore formation. Nat Immunol. 2020; 21(7): 
736–745, doi: 10.1038/s41590-020-0669-6, indexed in Pubmed: 32367036.

10.	 Wei L, Li Z, Shan J, et al. Selenium accumulated exposure ag-
gravates the progression of type 2 diabetes mellitus via activating 
the IRF2/Caspase-4/GSDMD pyroptosis pathway. J Nutr Biochem. 2026; 
153: 110326, doi: 10.1016/j.jnutbio.2026.110326, indexed in Pubmed: 
41734821.

11.	 Li X, Zhang Y, Guo Xu, et al. Excessive ethanol exposure exacerbates 
pyroptosis of pancreatic β-cells via NLRP3/GSDMD activation in type 
2 diabetic mice. Biochem Pharmacol. 2026; 245: 117676, doi: 10.1016/j.
bcp.2026.117676, indexed in Pubmed: 41506547.

12.	 Pang Y, Wu D, Ma Y, et al. Reactive oxygen species trigger NF-κB-
mediated NLRP3 inflammasome activation involvement in low-dose 

http://dx.doi.org/10.1016/S0140-6736(23)01301-6
https://www.ncbi.nlm.nih.gov/pubmed/37356446
http://dx.doi.org/10.2337/dc21-S002
https://www.ncbi.nlm.nih.gov/pubmed/33298413
http://dx.doi.org/10.1016/j.cytogfr.2022.04.002
http://dx.doi.org/10.1016/j.cytogfr.2022.04.002
https://www.ncbi.nlm.nih.gov/pubmed/35459618
http://dx.doi.org/10.1007/s00281-019-00745-4
http://dx.doi.org/10.1007/s00281-019-00745-4
https://www.ncbi.nlm.nih.gov/pubmed/30989320
http://dx.doi.org/10.1038/s41574-019-0286-3
https://www.ncbi.nlm.nih.gov/pubmed/31836875
http://dx.doi.org/10.1155/jdr/6006491
http://dx.doi.org/10.1155/jdr/6006491
https://www.ncbi.nlm.nih.gov/pubmed/41635835
http://dx.doi.org/10.1016/j.pharmthera.2021.108010
http://dx.doi.org/10.1016/j.pharmthera.2021.108010
https://www.ncbi.nlm.nih.gov/pubmed/34619283
http://dx.doi.org/10.1146/annurev-immunol-073119-095439
https://www.ncbi.nlm.nih.gov/pubmed/32017655
http://dx.doi.org/10.1038/s41590-020-0669-6
https://www.ncbi.nlm.nih.gov/pubmed/32367036
http://dx.doi.org/10.1016/j.jnutbio.2026.110326
https://www.ncbi.nlm.nih.gov/pubmed/41734821
http://dx.doi.org/10.1016/j.bcp.2026.117676
http://dx.doi.org/10.1016/j.bcp.2026.117676
https://www.ncbi.nlm.nih.gov/pubmed/41506547


9

Endokrynologia Polska

O
R

IG
IN

A
L 

PA
PE

R

CdTe QDs exposure-induced hepatotoxicity. Redox Biol. 2021; 47: 102157, 
doi: 10.1016/j.redox.2021.102157, indexed in Pubmed: 34614473.

13.	 Hatakeyama S. TRIM family proteins: roles in autophagy, immunity, 
and carcinogenesis. Trends in Biochemical Sciences. 2017; 42(4): 297–311, 
doi: 10.1016/j.tibs.2017.01.002, indexed in Pubmed: 28118948.

14.	 Li X, Zhou F, Niu K, et al. Emerging discoveries on the role of TRIM14: 
from diseases to immune regulation. Cell Death Discov. 2024; 10(1): 
513, doi: 10.1038/s41420-024-02276-w, indexed in Pubmed: 39719450.

15.	 Xie H, Xie D, Zhang J, et al. ROS/NF-κB signaling pathway-mediated 
transcriptional activation of TRIM37 promotes hbv-associated hepatic 
fibrosis. Mol Ther Nucleic Acids. 2020 [Epub ahead of print]; 22: 114–123, 
doi: 10.1016/j.omtn.2020.08.014, indexed in Pubmed: 32916597.

16.	 Li M, Li D, Zhang Yu, et al. Cannabidiol-loaded hydrogel microneedle 
patches inhibit TRIM14/TRAF3/NF-κB axis for the treatment of 
psoriasis. Int J Biol Macromol. 2025; 304(Pt 2): 140825, doi: 10.1016/j.
ijbiomac.2025.140825, indexed in Pubmed: 39933682.

17.	 Xu L, Wan X, Shan X, et al. ONECUT3 activates the TRIM46-NF-κB 
pathway to promote the development of pancreatic cancer. Biochem 
Biophys Res Commun. 2025; 759: 151705, doi: 10.1016/j.bbrc.2025.151705, 
indexed in Pubmed: 40154001.

18.	 Samukawa S, Yoshimi R, Kirino Y, et al. The PRY/SPRY domain of pyrin/ 
/TRIM20 interacts with β-microglobulin to promote inflammasome 
formation. Sci Rep. 2021; 11(1): 23613, doi: 10.1038/s41598-021-03073-6, 
indexed in Pubmed: 34880353.

19.	 Kimura T, Jain A, Choi SW, et al. TRIM-directed selective autophagy 
regulates immune activation. Autophagy. 2017; 13(5): 989–990, doi: 
10.1080/15548627.2016.1154254, indexed in Pubmed: 26983397.

20.	 Xu X, Qin Z, Zhang Ce, et al. TRIM29 promotes podocyte pyroptosis 
in diabetic nephropathy through the NF-kB/NLRP3 inflammasome 
pathway. Cell Biol Int. 2023; 47(6): 1126–1135, doi: 10.1002/cbin.12006, 
indexed in Pubmed: 36841942.

21.	 Zhan Z, Liang H, Zhao Z, et al. The Trim32-DPEP2 axis is an inflamma-
tory switch in macrophages during intestinal inflammation. Cell Death 
Differ. 2025; 32(7): 1336–1352, doi: 10.1038/s41418-025-01468-w, indexed 
in Pubmed: 40021897.

22.	 Liang T, Song M, Xu K, et al. TRIM32 promotes inflammatory re-
sponses in rheumatoid arthritis fibroblast-like synoviocytes. Scand 
J Immunol. 2020; 91(6): e12876, doi: 10.1111/sji.12876, indexed in 
Pubmed: 32145086.

23.	 Zhao M, Song K, Hao W, et al. Non-proteolytic ubiquitination of OTULIN 
regulates NF-κB signaling pathway. J Mol Cell Biol. 2020; 12(3): 163–175, 
doi: 10.1093/jmcb/mjz081, indexed in Pubmed: 31504727.

24.	 Thakur S, Rawat P, Dehury B, et al. TRIM32 regulates insulin sensi-
tivity by controlling insulin receptor degradation in the live. EMBO 
Rep. 2025; 26(3): 791–809, doi: 10.1038/s44319-024-00348-7, indexed in 
Pubmed: 39747658.

25.	 Chen Z, Tian L, Wang Li, et al. TRIM32 inhibition attenuates apoptosis, 
oxidative stress, and inflammatory injury in podocytes induced by high 
glucose by modulating the akt/gsk-3β/nrf2 pathway. Inflammation. 2022; 
45(3): 992–1006, doi: 10.1007/s10753-021-01597-7, indexed in Pubmed: 
34783942.

26.	 Schwamborn JC, Berezikov E, Knoblich JA. The TRIM-NHL protein 
TRIM32 activates microRNAs and prevents self-renewal in mouse neural 
progenitors. Cell. 2009; 136(5): 913–925, doi: 10.1016/j.cell.2008.12.024, 
indexed in Pubmed: 19269368.

27.	 Wan T, Wang Y, Wang C, et al. Overexpression of TRIM32 promotes 
pancreatic β-cell autophagic cell death through Akt/mTOR pathway 
under high glucose conditions. Cell Biol Int. 2022; 46(12): 2095–2106, 
doi: 10.1002/cbin.11897, indexed in Pubmed: 36040726.

28.	 Liu Y, Wang W, Liang B, et al. NLRP3 inflammasome activation and dis-
ruption of IRS-1/PI3K/AKT signaling: Potential mechanisms of arsenic-
induced pancreatic beta cells dysfunction in rats. Ecotoxicol Environ 
Saf. 2025; 289: 117504, doi: 10.1016/j.ecoenv.2024.117504, indexed in 
Pubmed: 39657381.

29.	 Costes S, Bertrand G, Ravier MA. Mechanisms of beta-cell apoptosis in 
type 2 diabetes-prone situations and potential protection by GLP-1-based 
therapies. Int J Mol Sci. 2021; 22(10), doi: 10.3390/ijms22105303, indexed 
in Pubmed: 34069914.

30.	 Zhang Y, Wang C, Zhang P, et al. Mitochondria-associated programmed 
cell death in pancreatic β cell of T2DM. Apoptosis. 2026; 31(3), doi: 
10.1007/s10495-026-02315-0, indexed in Pubmed: 41784740.

31.	 Wang L, Li L, Liu J, et al. Associated factors and principal pathophysi-
ological mechanisms of type 2 diabetes mellitus. Front Endocrinol Front 
Endocrinol (Lausanne)2025;16:1499565. Front Endocrinol (Lausanne). 2025; 
16: 1499565, doi: 10.3389/fendo.2025.1499565, indexed in Pubmed: 40416523.

32.	 Sehrawat A, Mishra J, Mastana SS, et al. Dysregulated autophagy: a key 
player in the pathophysiology of type 2 diabetes and its complications. 
Biochim Biophys Acta Mol Basis Dis. 2023; 1869(4): 166666, doi: 10.1016/j.
bbadis.2023.166666, indexed in Pubmed: 36791919.

33.	 Zhang C, Sun B, Wang L, et al. Micheliolide mitigates diabetic ne-
phropathy by modulating oxidative stress and inflammation in rats. 
Phytomedicine. 2025; 145: 157025, doi: 10.1016/j.phymed.2025.157025, 
indexed in Pubmed: 40712283.

34.	 Américo-Da-Silva L, Aguilera J, Quinteros-Waltemath O, et al. Activation of 
the NLRP3 Inflammasome Increases the IL-1β Level and Decreases GLUT4 
Translocation in Skeletal Muscle during Insulin Resistance. Int J Mol Sci. 
2021; 22(19), doi: 10.3390/ijms221910212, indexed in Pubmed: 34638553.

35.	 Cai J, Li C, Liu S, et al. Angiogenin-mediated tsRNAs control inflamma-
tion and metabolic disorder by regulating NLRP3 inflammasome. Cell 
Death Differ. 2024; 31(8): 1057–1069, doi: 10.1038/s41418-024-01311-8, 
indexed in Pubmed: 38740959.

36.	 Wu M, Yang Z, Zhang C, et al. Inhibition of NLRP3 inflammasome 
ameliorates podocyte damage by suppressing lipid accumulation in 
diabetic nephropathy. Metabolism. 2021; 118: 154748, doi: 10.1016/j.
metabol.2021.154748, indexed in Pubmed: 33675822.

37.	 Lu S, Li Y, Qian Z, et al. Role of the inflammasome in insulin resistance 
and type 2 diabetes mellitus. Front Immunol. 2023; 14: 1052756, doi: 
10.3389/fimmu.2023.1052756, indexed in Pubmed: 36993972.

38.	 Liu Y, Li Ke, Xu J, et al. Alpha-linolenic acid ameliorates T2DM via 
reshaping gut-liver axis and inflammatory GPR120-NF-κB/NLRP3 
pathway in mouse and rat models. Phytomedicine. 2025; 147: 157214, 
doi: 10.1016/j.phymed.2025.157214, indexed in Pubmed: 40929881.

39.	 Jiang K, Zhang F, Chen Y, et al. Fosfenopril attenuates inflammatory 
response in diabetic dry eye models by inhibiting the TLR4/NF-κB/ 
/NLRP3 signaling pathway. Invest Ophthalmol Vis Sci. 2024; 65(6): 2, 
doi: 10.1167/iovs.65.6.2, indexed in Pubmed: 38829670.

40.	 Guo S, Zhen Y, Zhou G, et al. Propofol upregulates MFGE8 in BV2 cells 
to inhibit pyroptosis mediated by the NFκB/NLRP3 pathway, thereby 
ameliorating ischemicreperfusion neuronal injury. Int J Mol Med. 2026; 
57(5), doi: 10.3892/ijmm.2026.5786, indexed in Pubmed: 41789673.

41.	 Kesavardhana S, Malireddi RK, Kanneganti TD. Caspases in cell death, 
inflammation, and pyroptosis. Annu Rev Immunol. 2020; 38: 567–595, doi: 
10.1146/annurev-immunol-073119-095439, indexed in Pubmed: 32017655.

42.	 Xue Y, Enosi Tuipulotu D, Tan WH, et al. Emerging activators 
and regulators of Inflammasomes and pyroptosis. Trends Immunol. 
2019; 40(11): 1035–1052, doi: 10.1016/j.it.2019.09.005, indexed in 
Pubmed: 31662274.

43.	 Zhang J, Qiu Q, Wang H, et al. TRIM46 contributes to high glucose-
induced ferroptosis and cell growth inhibition in human retinal 
capillary endothelial cells by facilitating GPX4 ubiquitination. Exp Cell 
Res. 2021; 407(2): 112800, doi: 10.1016/j.yexcr.2021.112800, indexed in 
Pubmed: 34487731.

44.	 Chen Q, Xie C, Tang K, et al. The E3 ligase Trim63 promotes podocyte 
injury and proteinuria by targeting PPARα to inhibit fatty acid oxida-
tion. Free Radic Biol Med. 2023; 209(Pt 1): 40–54, doi: 10.1016/j.freerad-
biomed.2023.09.039, indexed in Pubmed: 37793501.

45.	 O’Neill BT, Bhardwaj G, Penniman CM, et al. FoxO Transcription 
Factors Are Critical Regulators of Diabetes-Related Muscle Atrophy. 
Diabetes. 2019; 68(3): 556–570, doi: 10.2337/db18-0416, indexed in 
Pubmed: 30523026.

46.	 Chen L, Huang J, Ji Y, et al. Tripartite motif 32 prevents pathological 
cardiac hypertrophy. Clin Sci (Lond). 2016; 130(10): 813–828, doi: 10.1042/
CS20150619, indexed in Pubmed: 26884348.

47.	 Di Rienzo M, Antonioli M, Fusco C, et al. Autophagy induction in 
atrophic muscle cells requires ULK1 activation by TRIM32 through un-
anchored K63-linked polyubiquitin chains. Sci Adv. 2019; 5(5): eaau8857, 
doi: 10.1126/sciadv.aau8857, indexed in Pubmed: 31123703.

48.	 Nicklas S, Hillje AL, Okawa S, et al. A complex of the ubiquitin ligase 
TRIM32 and the deubiquitinase USP7 balances the level of c-Myc ubiq-
uitination and thereby determines neural stem cell fate specification. 
Cell Death Differ. 2019; 26(4): 728–740, doi: 10.1038/s41418-018-0144-1, 
indexed in Pubmed: 29899379.

http://dx.doi.org/10.1016/j.redox.2021.102157
https://www.ncbi.nlm.nih.gov/pubmed/34614473
http://dx.doi.org/10.1016/j.tibs.2017.01.002
https://www.ncbi.nlm.nih.gov/pubmed/28118948
http://dx.doi.org/10.1038/s41420-024-02276-w
https://www.ncbi.nlm.nih.gov/pubmed/39719450
http://dx.doi.org/10.1016/j.omtn.2020.08.014
https://www.ncbi.nlm.nih.gov/pubmed/32916597
http://dx.doi.org/10.1016/j.ijbiomac.2025.140825
http://dx.doi.org/10.1016/j.ijbiomac.2025.140825
https://www.ncbi.nlm.nih.gov/pubmed/39933682
http://dx.doi.org/10.1016/j.bbrc.2025.151705
https://www.ncbi.nlm.nih.gov/pubmed/40154001
http://dx.doi.org/10.1038/s41598-021-03073-6
https://www.ncbi.nlm.nih.gov/pubmed/34880353
http://dx.doi.org/10.1080/15548627.2016.1154254
https://www.ncbi.nlm.nih.gov/pubmed/26983397
http://dx.doi.org/10.1002/cbin.12006
https://www.ncbi.nlm.nih.gov/pubmed/36841942
http://dx.doi.org/10.1038/s41418-025-01468-w
https://www.ncbi.nlm.nih.gov/pubmed/40021897
http://dx.doi.org/10.1111/sji.12876
https://www.ncbi.nlm.nih.gov/pubmed/32145086
http://dx.doi.org/10.1093/jmcb/mjz081
https://www.ncbi.nlm.nih.gov/pubmed/31504727
http://dx.doi.org/10.1038/s44319-024-00348-7
https://www.ncbi.nlm.nih.gov/pubmed/39747658
http://dx.doi.org/10.1007/s10753-021-01597-7
https://www.ncbi.nlm.nih.gov/pubmed/34783942
http://dx.doi.org/10.1016/j.cell.2008.12.024
https://www.ncbi.nlm.nih.gov/pubmed/19269368
http://dx.doi.org/10.1002/cbin.11897
https://www.ncbi.nlm.nih.gov/pubmed/36040726
http://dx.doi.org/10.1016/j.ecoenv.2024.117504
https://www.ncbi.nlm.nih.gov/pubmed/39657381
http://dx.doi.org/10.3390/ijms22105303
https://www.ncbi.nlm.nih.gov/pubmed/34069914
http://dx.doi.org/10.1007/s10495-026-02315-0
https://www.ncbi.nlm.nih.gov/pubmed/41784740
http://dx.doi.org/10.3389/fendo.2025.1499565
https://www.ncbi.nlm.nih.gov/pubmed/40416523
http://dx.doi.org/10.1016/j.bbadis.2023.166666
http://dx.doi.org/10.1016/j.bbadis.2023.166666
https://www.ncbi.nlm.nih.gov/pubmed/36791919
http://dx.doi.org/10.1016/j.phymed.2025.157025
https://www.ncbi.nlm.nih.gov/pubmed/40712283
http://dx.doi.org/10.3390/ijms221910212
https://www.ncbi.nlm.nih.gov/pubmed/34638553
http://dx.doi.org/10.1038/s41418-024-01311-8
https://www.ncbi.nlm.nih.gov/pubmed/38740959
http://dx.doi.org/10.1016/j.metabol.2021.154748
http://dx.doi.org/10.1016/j.metabol.2021.154748
https://www.ncbi.nlm.nih.gov/pubmed/33675822
http://dx.doi.org/10.3389/fimmu.2023.1052756
https://www.ncbi.nlm.nih.gov/pubmed/36993972
http://dx.doi.org/10.1016/j.phymed.2025.157214
https://www.ncbi.nlm.nih.gov/pubmed/40929881
http://dx.doi.org/10.1167/iovs.65.6.2
https://www.ncbi.nlm.nih.gov/pubmed/38829670
http://dx.doi.org/10.3892/ijmm.2026.5786
https://www.ncbi.nlm.nih.gov/pubmed/41789673
http://dx.doi.org/10.1146/annurev-immunol-073119-095439
https://www.ncbi.nlm.nih.gov/pubmed/32017655
http://dx.doi.org/10.1016/j.it.2019.09.005
https://www.ncbi.nlm.nih.gov/pubmed/31662274
http://dx.doi.org/10.1016/j.yexcr.2021.112800
https://www.ncbi.nlm.nih.gov/pubmed/34487731
http://dx.doi.org/10.1016/j.freeradbiomed.2023.09.039
http://dx.doi.org/10.1016/j.freeradbiomed.2023.09.039
https://www.ncbi.nlm.nih.gov/pubmed/37793501
http://dx.doi.org/10.2337/db18-0416
https://www.ncbi.nlm.nih.gov/pubmed/30523026
http://dx.doi.org/10.1042/CS20150619
http://dx.doi.org/10.1042/CS20150619
https://www.ncbi.nlm.nih.gov/pubmed/26884348
http://dx.doi.org/10.1126/sciadv.aau8857
https://www.ncbi.nlm.nih.gov/pubmed/31123703
http://dx.doi.org/10.1038/s41418-018-0144-1
https://www.ncbi.nlm.nih.gov/pubmed/29899379

