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Purpose: The pathogenesis of hypertriglyceridemia -induced panc as complex and not fully understood. The purpose

of this study was to investigate the molecular mechanism of the m uniporter (MCU) in HTGP.
Methods: We observed the expression levels of MCU and
models, and after intervention with ruthenium red (RR), U, and 3-(1H-1,2,3-triazol-4-yl) pyridine (3-TYP),
an active inhibitor of SIRT3, changes in mitochondrial cal§ plative stress-related indices, the microfilament cytoskeleton,

and monolayer cell permeability were detected.

teine (GSH) levels, destruction of the microfilament cytoskeleton, and
gxperiments, intervention with RR, an active inhibitor of MCU, reversed the above

ountries." About 20% of all patients with AP have moderate-to-severe AP, for which the
mortality ra%gais 20-40%.>* Emerging evidence positions hypertriglyceridemia as a principal acute pancreatitis
trigger, second WRly to biliary tract infections.” Owing to improvements in medical technology, the overall mortality
rate of AP has decreased significantly,® but the mortality rate of severe AP is still about 28%.” Compared with other
etiologies, hypertriglyceridemic acute pancreatitis (HTGP) is associated with accelerated disease progression, frequently
leading to severe complications, including systemic inflammatory response syndrome (SIRS) and multiple organ
dysfunction syndrome (MODS), which contribute to poor prognoses and high recurrence rates.® Therefore, the pathogen-
esis of AP, especially HTGP, needs to be elucidated, as it is poorly understood.

The toxicity of free fatty acids (FFAs) and the inflammatory response and release of large quantities of calcium ions
caused by FFAs play key roles in the pathogenesis of HTGP.” High concentrations of FFAs are generated from TG

hydrolysis by lipases in pancreatic tissues. They may trigger self-digestion of the pancreas by damaging pancreatic acinar
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cells and vascular endothelial cells, activating trypsinogen and protein kinase C, and releasing intracellular calcium.'® In
HTGP animal models, the accumulation of high levels of FFAs leads to ischemia, triggering acidosis and converting
trypsinogen into active trypsin, leading to digestion of the pancreas.'' However, existing research has focused pre-
dominantly on pancreatic acinar cells, whereas pancreatic ductal cells remain relatively understudied.

The concept of the pancreatic ductal mucosal barrier (PDMB) was first proposed in 1969.' This barrier, which is
composed of a tightly packed layer of ductal epithelial cells and mucus, protects the pancreatic parenchyma from the
contents of the pancreatic duct, such as bile and trypsin.'? Actin filaments, key components of the cytoskeleton, are
essential for providing mechanical support and maintaining cell morphology.'® F-actin binding is necessary to promote
the formation of adherens junctions (AJs) and tight junctions (TJs).'* Endothelial barrier integrity and cell-cell junction
stability are critically regulated by actin cytoskeletal dynamics.'> Furthermore, FFAs induce actin reorganization and
provoke pancreatic acinar cell impairment through elevated cytosolic Ca*' concentrations, establishing

drial calcium strongly influences the production of mitochondrial . ium i ay lead to an increase in ROS
production by directly altering the performance of mitochondria @ In addition, the inhibition of MCU can

significantly alleviate acute pancreatitis in mice; however, the sp is unclear.?'

The active form of silent information regulator 3 (Sl
tion of target proteins. SIRT3 modulates mitochondrial p

important for mitochondrial adaptability and the stress

To conduct in vitro studies, HPDE6-C7 human pancreatic duct epithelial cells (Shanghai Jingfeng Biotechnology Co.,
Ltd., GT1730C) were treated with CAE (100 nM/L, Amquar, EYS113, USA), triglycerides (TG, 2.5 mM/L, Solarbio,
T9420, China), ruthenium red (RR, 10 mM/L, Amquar, EI2414, USA) and 3-(1H-1,2,3-triazol-4-yl) pyridine (TYP,
0.25 pmol/L, Amquar, E12418, USA) for 24 h and then divided into twelve groups: the control group, TG group, CAE
group, TG+CAE group, RR group, TG+RR group, CAE+RR group, TG+CAE+RR group, TYP group, TG+TYP group,
CAE+TYP group, and TG+CAE+TYP group. In vivo, 20 mice were randomly divided into the following four groups:
the control group, HTG group, AP group, and HTGP group. All the experiments in this study were conducted between
June 2023 and December 2024.
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Animals

The study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University (CDYFY-
TACUC-202311QR029 and CDYFY-IACUC-202409GR018). All experimental procedures were performed in strict
compliance with the National Standards for Laboratory Animal Welfare in China (GB/T 35892-2018), ARRIVE
Guidelines 2.0, and the 3Rs principles (Replacement, Reduction, Refinement). Four-week-old wild-type male
C57BL6/J mice were purchased from Changsha Tianqin Biotechnology Co., Ltd. All the mice were housed at 22-24
°C in a specific pathogen-free environment and were provided free access to food and water for four weeks. The mice in
the control group and acute AP group were fed an ordinary diet (11001, Boaigang. China), and the mice in the HTG
group and HTGP group were fed a high-fat diet (1160HLP, Boaigang, China). After the mice were fed for four weeks,
they were intraperitoneally injected with 50 pg/kg CAE (EYS113, Amquar, USA) seven times at 1 h intervals to induce

AP. The mice in the control group and HTG group were intraperitoneally injected with the samg g of normal saline.

Cell Culture

The HPDE6-C7 human pancreatic duct epithelial cell line was obtained fro ighjo Biotechnology Co.,
Ltd., China. Cells were maintained under sterile conditions at 37 °C in a i 5% CO,. The complete
culture medium (100 mL) consisted of 89 mL MEM (8120294, BS (A511-001, Lonsera,

cultures from different groups were exposed to varying i of the designated intervention agents for
a duration of 24 h.

H&E Staining

sections. Three random fields in each sg cted to calculate the pancreatic histopathological score. The
pancreatic histopathological scoring ' ing the criteria described by Van Laethem et al.?
Immunohistochemistr,

Dewaxing, hydration, and i performed, and then, 5 pg/mL primary antibody (A00685-1, Boster,
China) was added and i ht at 4 °C. After the tissues were incubated with an HRP-labeled linked polymer
(KIT-5009, MXB bj for 40 min at 26 °C, the signal was detected using DAB (P0202, Beyotime,
China). Three ra: cted fields of view per sample were captured under an inverted microscope (CKX41,
Olympus, Ja ¢ ImageJ software (version 1.53t) to calculate the average optical density (AOD)

and Amylase Detection

lood was stored at 26 °C for 2 h and centrifuged at 4 °C at 3000 RPM for 15 min, after which the
supernatant waS@collected for analysis. All steps in the procedure were performed in strict accordance with the
instructions of the triglyceride detection kit (c061-a, Changchun Huili, China) and the amylase detection kit (C033,
Changchun Huili, China). The levels of triglycerides and amylase were calculated on the basis of the absorbance

measured via a microplate reader (Varioskan LUX, Thermo, USA).

Protein Extraction

After the medium was removed, the cells were washed three times with PBS (P1020, Solarbio, China). Next, 1000 puL of
RIPA lysis solution (P0013K, Beyotime, China) containing 10 uL of phenyl methane sulfonyl fluoride (P0100, Solarbio,
China) was added to each 60 mm Petri dish, and the cells were placed on ice for 30 min before centrifugation (4 °C at
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12000 RPM for 15 min). Then, 200 uL of the supernatant was collected, 50 pL of protein loading buffer (P1015,
Solarbio, China) was added, and the mixture was mixed. Next, the mixture was heated at 100 °C for 10 min to denature
the protein. The total protein was stored in a refrigerator at —20 °C.

Western Blotting Analysis

Proteins were resolved by SDS-PAGE and then transferred to a 0.22 pm PVDF membrane. The membrane was blocked
with a 5% skim milk powder solution at 26 °C for 45 min. After three washes with TBST solution, the membrane and
primary antibodies (D2Z3B, CST, UK, 1:1000) were incubated at 4 °C for 12 h. After washing again with TBST, the
membrane and secondary antibodies (5151P, CST, UK, 1:10000) were incubated at 26 °C in the dark for 1 h. The
fluorescence signal was detected using a Li-COR Odyssey dual-color infrared fluorescence imaging system.

Cytotoxicity Assay
A Cell Counting Kit-8 (CCK-8, C0038) was purchased from Beyotime Biotechnology Cog Ltd
seeded in 96-well plates at a density of 5000 cells/100 pL. Five different final concentratj
5 umol/L, 10 pmol/L, 50 pmol/L, and 100 pmol/L) were used. After incubation for
CCK-8 solution was added to each well and incubated in the cell culture box for
measured at 450 nm.

Mitochondrial Calcium lon Detection
DMSO (D8371, Solarbio, China) was added to 50 pg of Rhod-2
mother liquor at a concentration of 4 mmol/L, which was store
5994 uL of HBSS (H1025, Solarbio, China) to prepare a workin
medium was removed and the cells were washed threcg

n, USA) to produce 100 pL of
t, 6 uL of mother liquor was added to
a concentration of 4 mmol/L. After the

probe (Mito-Tracker Green, C1048, Beyoti
incubated at 37 °C for 15 min. The red

5000 times with HBSS was added, and the mixture was
ce signals were imaged under an inverted fluorescence

ROS Detection
When the degree of ell fusion in a 60 mm diameter sterile Petri dish reached 70%, the cells were washed
with PBS three 4 of serum-free medium supplemented with 10 mM/L DCFH-DA (S0033S,
Beyotime, Chi® dish. The cells were incubated for 20 min in a cell culture box at 37 °C and
washed wg

a fluorescend

KX41, Olympus, Japan) were analyzed via Imagel] software. Similarly, we randomly

selected three rcS@ans to calculate the average fluorescence intensity for subsequent statistical analysis.

Malondialdehyde (MDA) Detection
The cells in the six-well plate were lysed with RIPA lysis buffer (PO013K, Beyotime, China) for 30 min and then
centrifuged. The supernatant was collected for subsequent analysis.

An MDA detection kit (S0131S, Beyotime, China) was obtained from Biotime Biotechnology Co., Ltd. The MDA
working solution and standard were prepared in accordance with the manufacturer’s protocol. A total of 100 pL of
standard solutions at varying concentrations, along with samples from different groups, was mixed with 200 pL of the
MDA working solution and incubated in boiling water for 15 min. Following cooling to 26 °C, the mixtures were
centrifuged at 1000 xg for 10 min at 26 °C. Subsequently, 200 uL of the supernatant was transferred to a 96-well plate,
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and absorbance was measured at 532 nm using a microplate reader. MDA concentrations were determined based on the
corresponding standard curve.

A BCA protein concentration determination kit (P0010, Beyotime, China) was purchased from Biotime
Biotechnology Co., Ltd. The BCA working solution and protein standard were prepared following the manufacturer’s
instructions. In each well of the 96-well plate, 20 uL of protein standard or test sample at different concentrations was
added successively, followed by the addition of 200 pL of BCA working solution. After the plate was incubated for
30 min at 37 °C, the absorbance was measured at 562 nm using a microplate reader. The protein concentration of each
group was calculated based on a standard curve. The amount of MDA per milligram of protein was calculated by
dividing the concentration of MDA by the corresponding total protein concentration.

Gamma-Glutamylcysteine (GSH) Detection
After HPDEG6-C7 cells were washed with PBS three times, the cells were resuspended and

measured at 405 nm using a microplate reader.

Immunofluorescence Microfilament Staining
After HPDEG6-C7 cells were washed on sterile glass plates twic
26 °C for 10 min. The cells were again washed twice with P
200 pL of phalloidin (200 nmol/L; CA1610, Solarbio, China
dark for 30 min. After washing twice with PBS, 200 uL of
stain the nuclei. Finally, the morphological chara ;

*@@ 2 cells was added to the apical compartment of the Transwell

omplete medium was added to the basolateral compartment. After 24 h of

microscope (CKX41, Olympus, Japan).

Permeability Test of Monola
First, 100 pL of complete medium co
system (3413, Corning, USA), a
culture in an incubator at 3 ifN@wnt groups were treated with the corresponding intervention agent for

Dextran 4000 (1 mg/ i USA) was added to the apical compartment, and 600 uL of PBS was added to

compartment was om the 96-well plate, and the absorbance was measured via a microplate reader (excitation/
emission w3

The meaS§@g@lent data were statistically analyzed via the unpaired sample r-test in GraphPad Prism 8 software, and
P<0.05 was S@sidered statistically significant.
Results
An acute pancreatitis model in mice and HPDE6-C7 cells was established successfully. The expression of MCU in the
pancreatic tissue of the mice in the AP group and HTGP group was significantly greater than that in the control group,
and the increase in the HTGP group was significantly higher compared to the AP group. The expression of SIRT3 in the
pancreatic tissue of the mice in the AP group and HTGP group was significantly lower than that in the control group, and
the decreasing trend in the HTGP group was more obvious than that in the AP group.

H&E staining revealed prominent tissue edema, significant widening of the interlobular space, and infiltration of
many inflammatory cells in the pancreatic tissues of the mice in the AP and HTGP groups (Figure 1 A—D). The pancreatic
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Figure | Mouse models of AP, HTG and HTGP were successfully constructed. (A-D) HE staining of pancreatic tissue from the mice in each group. (E-H)
Immunohistochemical staining images of MCU in the pancreatic tissue of the mice in each group. The brown region in the figure is the MCU-positive region, and the
darker the brown region is, the greater the expression of MCU. (I) Pancreatic histopathological scores of the mice in each group. (J) AOD values of the MCU
immunohistochemistry results of the mice in each group. (K) Blood amylase levels in each group of mice; (L) Serum triglyceride levels of the mice in each group. *P <
0.05; *P < 0.01; ***P < 0.001; ****P < 0.0001.

Abbreviations: AP, acute pancreatitis; HTGP, hypertriglyceridema-induced pancreatitis; AOD, average optical density.
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histopathological scores of the AP group and HTGP group were significantly greater than those of the control group and
HTG group, respectively (Figure 1I; AP vs control, t = 22.13, P < 0.0001; HTG vs HTGP, t = 24.65, P < 0.0001). No
significant difference was recorded in the serum amylase levels between the AP group and the control group (Figure 1K,
AP vs control, t = 0.81, P = 0.44), but the serum amylase level in the HTGP group was significantly greater than that in
the HTG group and AP group (Figure 1K, HTG vs HTGP, t = 24.65, P < 0.0001; AP vs HTGP, t = 6.21, P < 0.001). The
serum triglyceride levels in the HTG and HTGP groups were significantly greater than those in the control and AP groups
(Figure 1L, HTG vs control, t = 7.01, P < 0.001; HTGP vs AP, t = 6.56, P < 0.001).

Immunohistochemical analysis showed that the AOD of MCU in the AP and HTGP groups was significantly higher
than that in the control and HTG groups (Figure 1E-H, and J; AP vs control, t = 5.27, P < 0.0001; HTG vs HTGP, t =
6.84, P < 0.0001). Western blot results were consistent with these findings, indicating that MCU expression in the AP
group was significantly elevated compared to the control group (Figure 2A and B; AP vs co = 7.63, P < 0.05).

HTGP vs HTG, t = 9.816, P < 0.0001).

In vitro experiments demonstrated that SIRT3 expression
accompanied by a significant increase in the mitochondrial
(evidenced by elevated ROS and MDA levels, as
leton disruption and increased monolayer cell pe

gadecrea levels). Additionally, microfilament cytoske-
gic observed. Notably, RR intervention significantly
reversed these changes.

Ruthenium red at a concentration gf iNmined cell viability at about 90%, whereas ruthenium red at
a concentration of >10 uM significa: bility (Figure 3C). Therefore, in subsequent in vitro experi-
ments, we used ruthenium red i 0 uM. 3-TYP at a concentration of <0.25 uM maintained cell

viability at about 90%, wher % centration of >0.25 uM significantly inhibited cell viability (Figure 3D

and E). Therefore, in subs ents, we used 3-TYP at a concentration of 0.25 pM.

The expression lev, CAE and TG+CAE groups was significantly lower than that in the control and
TG groups (Figur ; CAE vs®ontrol, t = 9.903, P < 0.001; TG+CAE vs TG, t = 8.730, P < 0.001). The
expression level O +CAE group was also significantly lower than that in the AP group (Figure 3A and
B; HTGP vs 4s Y . There was no significant difference in the expression of SIRT3 between the RR and
control g G+RR and TG groups (Figure 3A and B; RR vs control, t = 1.531, P > 0.05; TG+RR vs
TG, t

The fluorescence intensity of mitochondrial calcium in the CAE group was markedly higher than in the control

and B; CAE vs control, t = 15.49, P < 0.0001). In addition, the TG+CAE group exhibited significantly
greater mitochorMrial calcium fluorescence intensity compared with both the TG and CAE groups (Figure 4A and B; TG
+CAE vs TG, t = 15.64, P < 0.0001; TG+CAE vs CAE, t = 3.47, P < 0.01). Treatment with ruthenium red notably
reduced the elevated mitochondrial calcium levels observed in the CAE and TG+CAE groups (Figure 4A and B; CAE
+RR vs CAE, t = 9.87, P < 0.0001; TG+CAE+RR vs TG+RR, t = 12.03, P < 0.0001).

The mean green fluorescence intensity of the ROS in the CAE and TG+CAE groups was significantly greater than
that in the control and TG groups (Figure 4C and D; CAE vs control, 66.49 £3.88 vs 41.82 £2.52, t = 13.06, P < 0.0001;
TG+CAE vs TG, 74.33 £6.22 vs 37.79 £5.37, t = 10.89, P < 0.0001), and this change was reversed by RR intervention
(Figure 4C and D; CAE+RR vs CAE, 44.62 £8.23 vs 66.49 £3.88, t = 5.86, P < 0.001; TG+CAE+RR vs TG+CAE,
49.69 £4.73 vs 74.33 £6.22, t = 7.73, P < 0.0001). The MDA concentrations in the CAE and TG+CAE groups were
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Figure 2 (A) Expression of MCU in the pancreatic tissues of each group of mice; COX IV was used as a loading control for Western blotting. (B) Relative expression level
of MCU in the pancreatic tissues of each group of mice. The above results were obtained from three independent experiments. (C) Expression of MCU in HPDE6-C7 cells
in each group. COX IV was used as a loading control for Western blotting. (D) Relative expression level of MCU in HPDE6-C7 cells in each group. The above results were
obtained from three independent experiments. (E) Expression of SIRT3 in the pancreatic tissues of each group of mice. COX IV was used as a loading control for Western
blotting. (F) AOD level of SIRT3 expression in the pancreatic tissues of each group of mice. (G) Immunohistochemistry analysis of SIRT3 expression in the pancreatic tissues
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of each group of mice. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.
Abbreviations: AP, acute pancreatitis; HTGP, hypertriglyceridemia-induced pancreatitis; AOD, average optical density.
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HPDE6-C7 cells in
concentrations of ruth
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jon of SIRT3 in HPDE6-C7 cells in each group; COX IV was used as a loading control for Western blotting. (B) Relative expression level of SIRT3 in
roup. The above results were obtained from three independent experiments. (C) Cytotoxicity assay of HPDE6-C7 cells cultured with different
um red. (D and E) Cytotoxicity assay of HPDE6-C7 cells cultured with 3-TYP at different concentrations; *P < 0.05; **P < 0.01; ***P < 0.001;

significantly greater than those in the control and TG groups (CAE vs control, 0.236 +0.008 vs 0.117 £0.006, t = 20.04,
P < 0.0001; TG+CAE vs TG, 0.267 +0.011 vs 0.123 +0.006, t = 20.46, P < 0.0001) (Figure 5A), and the MDA
concentration increased more significantly in the TG+CAE group than in the CAE group (TG+CAE vs CAE, 0.267
+0.011 vs 0.236 +0.008, t = 4.063, P < 0.05). Ruthenium red intervention significantly decreased the increase in the
MDA concentration in the CAE and TG+CAE groups (Figure SA, TG+CAE+RR vs TG+CAE, 0.152 +0.007 vs 0.267
+0.011, t = 15.59, P < 0.0001; CAE+RR vs CAE, 0.14 £0.014 vs 0.236 +0.008, t = 9.886, P < 0.001). Compared with
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Figure 4 (A) Immunofluorescence images of mitochondrial calcium ions in HPDE6-C7 cells from each group. The stronger the red fluorescence is, the higher the
concentration of mitochondrial calcium ions. (B) The average fluorescence intensity of the mitochondrial calcium ions in HPDE6-C7 cells in each group. (C) The average
fluorescence intensity of the ROS in HPDE6-C7 cells in each group. (D), Immunofluorescence images of the ROS in HPDE6-C7 cells in each group; the stronger the green
fluorescence is, the higher the concentration of ROS; *P < 0.05; **P < 0.01; **P < 0.001; ****P < 0.0001.

Abbreviation: ROS, reactive oxygen species.
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those in G+CAE groups, the GSH concentrations in the CAE and TG+CAE groups presented the
in terms of the MDA concentration (Figure 5B, CAE vs control, 0.435 +£0.041 vs 0.817 £0.04, t = 11.51,
P <0.001; TG E vs TG, 0.29 £0.067 vs 0.751 £0.074, t = 8.01, P < 0.01); however, this trend was weakened by RR
intervention (Figure 5B, TG+CAE+RR vs TG+CAE, 0.689 +£0.018 vs 0.29 +0.067, t = 9.926, P < 0.001; CAE+RR vs
CAE, 0.722 £0.055 vs 0.435 £0.041, t = 7.266, P < 0.01).

In the control and TG groups, the microfilaments were regularly arranged in bundles. In the CAE and TG+CAE
groups, the structural arrangement of the microfilaments was disordered, the bundle arrangement structure disappeared,
and the microfilaments were loose and dispersed. After 24 h of RR intervention, the disordered arrangement, release, and
dispersion of the microfilament structures in the CAE and TG+CAE groups were partially improved (Figure 5D).

The permeability of monolayer cells in the CAE and TG+CAE groups was significantly greater than that in the
control and TG groups (Figure 5C, CAE vs control, 914.7 £114.4 vs 585 £178.9, t = 3.287, P < 0.05; TG+CAE vs TG,
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1239 £142.3 vs 700.01 £149.5, t = 3.367, P < 0.05). Additionally, the permeability of monolayer cells increased more
significantly in the TG+CAE group than in the CAE group (Figure 5C, TG+CAE vs CAE, 1239 £142.3 vs 914.7 £114.4,
t =3.079, P < 0.05). Ruthenium red intervention significantly decreased the increase in monolayer cell permeability in
the CAE and TG+CAE groups (Figure 5C, TG+CAE+RR vs TG+CAE, 786.3 £237.6 vs 1239 +£142.3,t = 2.833, P <
0.05; CAE+RR vs CAE, 617.2 £179 vs 914.7 +£114.4, t = 4.085, P < 0.05).

In vitro experiments revealed that intervention with 3-TYP, a specific inhibitor of SIRT3 activity, significantly
exacerbated mitochondrial calcium ion accumulation, enhanced oxidative stress, disrupted the microfilament cytoskele-
ton, and increased monolayer cell permeability in both the AP and HTGP groups.

Intervention with 3-TYP significantly increased the accumulation of mitochondrial calcium ions in the CEA and TG
+CAE groups (Figure 6A and B; CAE+TYP vs CAE, T = 8.86, P < 0.0001; TG+CAE+TYP vs TGtRR, t =11.02, P <
0.0001).

Intervention with 3-TYP significantly increased ROS accumulation (Figure 6C and D, TG+({4

in the CAE and TG+CAE groups worsened (Figure 7D).

3-TYP intervention significantly increased monolayer cell perm
TG+CAE+TYP vs TG+CAE, 1443 £107.2 vs 1206 £87.45, t =
981.3 £52.98, t = 2.992, P < 0.05).

Discussion
Caerulein, a cholecystokinin analog, is widely used to in
staining revealed obvious tissue edema, signiimms id@adfc of the interlobular space, and infiltration of many
AP and HTGP groups, indicating that the CAE-induced
el of MCU expression in the AP group was significantly

- Therefore, we hypothesized that the co-culture of CAE with HPDE6-C7
n vitrg AP, which was also reported in our previous studies.’*'

levels were significantly greater in the hypertriglyceridemia group than in the
non-hypertrig 1di abolites of triglycerides, ie, FFAs, are toxic to pancreatic tissue®> and play important
.~ Unsaturated fatty acids can not only lead to hypocalcemia associated with a poorer
to calCium ions>* but also increase the levels of tumor necrosis factor, interleukin-6, and other
cytokines, triggcN@e or aggravating AP.*>>° These findings may explain why, in the present study, the degree of
pancreatic inflamma®on and the pathological score of pancreatic tissue in the HTGP group were significantly greater
than those in the AP group.

In this study, stimulation of HPDE6-C7 cells with CAE, a CCK analog, markedly elevated calcium ion levels in both
the cytoplasm and mitochondria, accompanied by a significant upregulation of MCU expression. These findings were
consistent with observations from the CAE-induced mouse AP model. Experimental results further demonstrated that
treatment of HPDE6-C7 cells with CAE (' mol/L) for 24 hours altered intracellular and mitochondrial calcium ion
concentrations, as well as ROS and MCU levels. MCU expression in the AP and HTGP groups was significantly higher
than in the control and TG groups; however, no notable difference was observed between the TG and control groups, or

between the HTGP and AP groups. MCU primarily functions to mediate calcium ion transport from the cytoplasm into
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Figure 6 (A) Immunofluorescence images of the mitochondrial calcium ions in HPDE6-C7 cells in each group. The stronger the red fluorescence is, the higher the
concentration of mitochondrial calcium ions. (B) The average fluorescence intensity of the mitochondrial calcium ions in HPDE6-C7 cells in each group. (C) The average
fluorescence intensity of the ROS in HPDE6-C7 cells in each group. (D) Immunofluorescence images of the ROS in HPDE6-C7 cells in each group; the stronger the green
fluorescence is, the higher the concentration of ROS; *P < 0.05; **P < 0.01; **P < 0.001; ****P < 0.0001.

Abbreviation: ROS, reactive oxygen species.

International Journal of General Medicine 2025:18 heeps: 5207



Hong et al

>
vy}
@)

e o o o
N W » w

o
o

MDA concentraion (umol/mg protein)
=]
°

GSH concentraion (umol/mg protein)
Optical density of FITC-Dextran 3000

‘o ‘cﬂ g ‘(8 (\Q \‘o ’C\Q <O ’(\Q 48 @ dq & (\Q (x B
& ‘<« < <
0

(, &
IS ,\0 & & F L ov o AP
& < <@

<
<&
K

TRITC (1000X) DAPI(1000X) Merge (1000X)  TRITC (1000X) DAPI(1000X) Merge (10003

TG+TYP

TG+CAE TG+CAE +CAE+ TG+CAE+TYP TG+CAE+TYP

B) Comparison of the GSH concentrations in HPDE6-C7 cells in each group. (C)
WWPkeleton staining of HPDE6-C7 cells in each group, in which red indicates the
0.001; *+*P < 0.0001.

Figure 7 (A) Comparison of the MDA concentrations in HPQQ
Monolayer cell permeability of HPDE6-C7 cells in each g
microfilament cytoskeleton and blue indicates the nucl

the mitochondria. Additionally. i i concentrations in the HTGP and AP groups exceeded those in the
TG and control groups, wit

MCU expression, mi
ysiological conditions, a certain level of calcium ions is required for mitochon-
ATP synthesis.*” We found that HPDE6C7 cells with low expression of MCU

elevation than the

ia caused by high expression of MCU is the primary driver of ROS production in mitochondria. The
Bf ROS can directly lead to metabolic disorders and cell death.*® Interestingly, these changes in the

levels in mitochd
excessive productio
mitochondrial calcium ion concentration and ROS can be reversed by treatment with ruthenium red, an active inhibitor of
MCU. Therefore, we speculate that the MCU-induced increase in mitochondrial calcium levels may be an important
factor leading to AP. The toxic effects of free fatty acids may also be involved, which may lead to an increase in
intracellular calcium ions, mitochondrial calcium ions, and ROS,*” which may explain the greater increase in intracellular
calcium ions, mitochondrial calcium ions, and ROS in the TG+CAE group than in the CAE group.

The PDMB consists of a tightly packed pancreatic ductal epithelium and mucus that protects the pancreatic
parenchyma from the contents of the pancreatic duct, such as bile and trypsin.'> When PDMB is stimulated by
inflammatory factors, septicemia, and chemicals, the cytoskeleton in pancreatic ductal epithelial cells is destroyed, and
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the tight connections between cells are damaged, resulting in pancreatic tissue edema and destruction; these changes
induce AP.** Actin filaments (AFs), also known as microfilaments (MFs), are among the main components of the
cytoskeleton and play a key role in providing mechanical support and maintaining cell morphology. Damage to the MF
cytoskeleton, which is involved in the regulation of intercellular connectivity through interactions with the cell
membrane,'* can ultimately damage the PDMB.*! Our results revealed that the permeability of monolayer cells in the
CAE and TG+CAE groups was significantly greater than that in the control and TG groups, and the degree of increase in
the TG+CAE group was greater than that in the CAE group.

Additionally, the microfilament skeleton of HPDE6-C7 cells in the CAE and TG+CAE groups was significantly
damaged, and the degree of damage to the microfilament skeleton was greater in the TG+CAE group. The MCU inhibitor
ruthenium red reversed these changes. Therefore, we speculated that mitochondrial calcium overload and oxidative stress

induced by an increase in MCU may be the causes of the destruction of the microfilament cytgg and impairment

control group and TG group, and this change was reversed b
of active inhibitors of SIRT3, ROS, and MDA in the CAE

1s of AP by inhibiting the expression of SIRT3,
filament cytoskeleton and PDMB functions.

However, this study had several limitatig i esent study was based on animal and cellular data, which may
be different from the real disease stated . , the specific mechanism by which MCUs increase oxidative

Conclusions
MCU may be involved 4 sis of AP by inhibiting the expression of SIRT3, resulting in increased oxidative
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