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Role of tumor necrosis factor receptor‑associated
factor 6 in pyroptosis during acute pancreatitis
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Abstract. Acute pancreatitis (AP) is hypothesized to be
related to the activation of an inflammatory response induced
by pyroptosis. The aim of the present study was to investigate
the potential role of tumor necrosis factor receptor‑associated
factor 6 (TRAF6) in pyroptosis in an AP rat model and the
human pancreatic ductal epithelial HPDE6C7 cell line. In vivo,
AP was induced by intraperitoneal injection of caerulein
(CAE) in rats. The rats were sacrificed at 24 or 48 h after the
final CAE injection. In vitro, HPDE6C7 cells were treated with
CAE for 12, 24 and 48 h. Moreover, TRAF6 was overexpressed
and treated with CAE for 48 h. Histopathological changes of
pancreatic, serum and supernatant inflammatory cytokines
and pyroptosis‑related mRNA and protein expression levels
were determined by histopathological scores, ELISA, reverse
transcription‑quantitative PCR and western blotting. In addi‑
tion, pyroptosis morphological changes were also determined
by Hoechst/PI staining in HPDE6C7 cells. Results showed
that AP was observed in the CAE‑induced rat model, and that
serum IL‑1β and IL‑18 levels, and TRAF6, NLR pyrin domain
containing 3 (NLRP3), caspase‑1 and caspase‑3 mRNA and
protein expression levels were increased. Similar in HPDE6C7
cells, CAE treatment caused supernatant IL‑1β level, NLRP3
and caspase‑1 mRNA expression levels to significantly
increase. After TRAF6 overexpression and CAE treatment,
supernatant IL‑1β level, caspase‑1 protein expression level,
and NLRP3 and caspase‑3 mRNA and protein expression
levels were also significantly increased. Furthermore, cells
exhibited red fluorescence in Hoechst/PI staining, which can
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be used as a method of detecting pyroptosis activation. The
results also showed that the red fluorescence was stronger after
CAE treatment or TRAF6 overexpression plus CAE treatment.
In conclusion, TRAF6 and caspase‑1/3 signaling pathways
were involved in the pathogenesis of CAE‑induced AP in rats.
Pyroptosis was activated by CAE and TRAF6 overexpression
via the caspase‑1/3 signaling pathways in HPDE6C7 cells.
Introduction
Acute pancreatitis (AP) is a common disease, which can
be classified as mild, moderate and severe. Severe disease
develops in ~20% of patients with AP, which progresses rapidly
and can cause systemic inflammatory response syndrome and
multiple organ dysfunction, leading to increased mortality (1).
The pathogenesis of AP is not yet fully understood. Cell death
caused by pyroptosis, necrosis, apoptosis and necroptosis, is
involved in the pathogenesis of AP. Pyroptosis, apoptosis and
necroptosis represent three pathways of genetically encoded
necrotic cell death (2). Apoptosis is a highly regulated form
of cell death, characterized by the activation of multiple
caspases (3), and necroptosis is a form of regulated necrotic cell
death mediated by receptor‑interacting protein kinase (RIP) 1
and RIP3 (4,5). Unlike these, pyroptosis is a programmed
cell death pathway, also known as caspase‑1‑mediated cell
death, that induces the release of active IL‑1β and IL‑18 (2).
Increasing evidence indicates a close relationship between AP
and pyroptosis (6). However, the underlying mechanism by
which pyroptosis induces pancreatic injury leading to AP has
not been fully elucidated.
Pyroptosis is one of the main mechanisms of cell death
and causes an acute inflammatory response by activating
inflammasomes and releasing inflammatory cytokines (7).
Previous studies have demonstrated that pyroptosis is
involved in the occurrence and development of infectious
diseases, cardiovascular diseases, cancer and numerous
other diseases (8‑12). Emerging studies suggest that toll‑like
receptors (TLRs) can be recognized as upstream signals
by nucleotide‑binding and oligomerization domain‑like
receptors (NLRs), which activate the assembly of the NLR
pyrin domain containing 3 (NLRP3) inflammasome and
caspase‑1 and subsequently trigger pyroptosis (13‑15). Tumor
necrosis factor receptor‑associated factor (TRAF)6 is a
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member of the TRAF protein family that serves a vital role
in TLR signaling pathways (16,17). Furthermore, TRAF6
is required for apoptosis‑associated speck‑like protein
(ASC) oligomerization and the assembly of the NLRP3
inflammasome; TRAF6 deficiency specifically inhibits
TLR/IL‑1R‑initiated NLRP3 inflammasome activation,
caspase‑1 cleavage and pyroptosis (18). At present, the roles
of TRAF6 in AP and pyroptosis during AP are still unclear.
Therefore, the present study aimed to determine the role of
TRAF6 in rat and cell models of caerulein (CAE)‑induced
pancreatic injury. Pyroptosis was also examined to identify its
potential role in AP.
Materials and methods
Experimental rat model. In total, 24 Sprague‑Dawley adult
rats (male; age, 8‑10 weeks; weight, 200‑220 g) were purchased
from the Experimental Animal Center of Guangxi Medical
University. All rats were housed in normal barrier cages at a
temperature of 25±2˚C with 50‑70% humidity using a 12‑h
light/dark cycle and were allowed free access to food and
water. All rats were checked every 6 h. All animal experiments
were conducted in accordance with the Institutional Animal
Care and Use Committee of Guangxi Medical University
(Nanning, China; approval no. 201910023). The rats were
randomly divided into three groups: i) The control group;
ii) the CAE‑induced AP for 24 h (AP24H) group; and iii) the
CAE‑induced AP for 48 h (AP48H) group. The rats in the
AP24H and AP48H groups were induced by intraperitoneal
injections of CAE (Sigma‑Aldrich; Merck KGaA). A total of
seven injections at a dosage of 50 μg/kg CAE were adminis‑
tered once per hour. Animals were sacrificed 24 or 48 h after
the last injection. The control group was similarly treated with
the same volume of saline.
Cell culture. The human pancreatic duct epithelial HPDE6C7
cell line was purchased from Guangzhou Jennio Biotech Co.,
Ltd. HPDE6C7 cells were cultured in RPMI‑1640 medium
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (Gibco) at 37˚C in a 5% CO2 incubator. The cells
were divided into four groups according to different time
points of stimulation with CAE: i Control; ii) treatment for
12 h (12H); iii) treatment for 24 h (24H); and iv) treatment for
48 h (48H). The optimal CAE intervention time of 48 h was
selected for subsequent experiments. Subsequently, HPDE6C7
cells were once again divided into four groups: i) The TRAF6
group; ii) the blank group; iii) the TRAF6 + CAE group; and
iv) the blank + CAE group. TRAF6 was overexpressed by
lentiviral infection in the TRAF6 group. The blank group was
used as the negative control by transfecting with blank virus
vector. Subsequently, the TRAF6 group and the blank group
were stimulated CAE for 48 h as the TRAF6 + CAE group and
blank + CAE group.
Lentivirus transfection. In order to facilitate the TRAF6
expression analysis, the second generation lentiviral
packaging system was used. The study adopted the
Ubi‑MCS‑3FLAG‑CBh‑gcGFP‑IRES‑puromycin lentivirus
expression vector (Shanghai Genechem Co., Ltd.), and 293T
cells (ATCC) were transformed with 32 µg packaged plasmids

[maintained in DMEM (Gibco; Thermo Fisher Scientific, Inc.)
containing 10% FBS at 37˚C in a 5% CO2 incubator]. The ratio
of packaging vector:envelope plasmid was 1:1. The supernatant
was collected 48 and 72 h after transfection, respectively. Next,
the supernatant was filtered into an ultracentrifuge tube using
a 0.45‑µm filter membrane. Centrifugation was performed at
72,000 x g for 2 h at 4˚C. The supernatants were then discarded
and the lentivirus deposition was resuspended with 500 µl fresh
medium and kept at ‑80˚C. After 10 days, HPDE6C7 cells were
infected with TRAF6 lentivirus vector using 0.1% Polybrenne
and Enhanced Infection Solution (Shanghai Genechem Co.,
Ltd.), with a multiplicity of infection of 5 at 37˚C. At 72 h
post‑infection, the medium was changed to fresh medium with
0.8 µg/ml puromycin. The uninfected wild‑type cells were set
as the control group, with an equal volume and concentration
of puromycin. Fresh puromycin‑containing medium was used
as replacement medium every 3 or 4 days until the control
group cells died. The stable cell lines were then cultured
with 0.4 µg/ml puromycin. Reverse transcription‑quantitative
PCR and western blotting analyses were performed at 24 h
post‑transduction.
Blood and tissue preparation. All rats were anesthetized
using 2% sodium pentobarbital (45 mg/kg) intraperitoneally.
The abdominal cavity was opened and 2‑3 ml blood was then
collected from the abdominal aorta. Subsequently, all rats were
euthanized by rapid cervical dislocation and checked closely
to confirm respiratory arrest. The pancreatic tissues around
the pancreatic duct were removed. The blood samples were
centrifuged for 10 min at 3,500 x g at 4˚C and serum samples
were collected. Serum and pancreatic tissues were stored at
‑80˚C for further experiments.
Histopathological analysis. Fresh pancreatic tissues were
fixed in 4% formaldehyde for 48 h at room temperature,
followed by paraffin‑embedding, sectioning and cutting
into 4 µm sections. The sections were deparaffinized and
stained with H&E (Beyotime institute of Biotechnology) for
8 min at room temperature. Images were captured using a
light microscope (Olympus corporation). According to Van
Laethem criteria (19), pancreatic injury was scored in terms
of edema, inflammatory cell infiltration and acinar necrosis.
Serum and supernatant assays. Amylase (AMY) activity
was determined using an automated clinical chemistry
analyzer (Hitachi 7600; Hitachi, Ltd.). Serum levels of
interleukin‑1β (IL‑1β) (ELISA kit cat. no. ml037361; Shanghai
Enzyme‑linked Biotechnology Co., Ltd.) and IL‑18 (ELISA kit
cat. no. ml002816; Shanghai Enzyme‑linked Biotechnology
Co., Ltd.), and cell supernatants of IL‑1β (ELISA kit cat.
no. CSB‑E08053h; Cusabio Technology, LLC) were analyzed
according to the manufacturer's protocol.
Reverse transcription‑quantitative PCR (RT‑qPCR).
Total RNA was extracted from the pancreatic tissues and
HPDE6C7 cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). RNA concentration and purity were
determined using an ultra‑micro spectrophotometer. Total
RNA was reverse‑transcribed into cDNA using a PrimeScript™
RT reagent kit with gDNA Eraser (cat. no. RR047A; Takara
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Biotechnology Co., Ltd.) according to the manufacturer's
protocol. The Applied Biosystems 7500 qPCR system (Life
Technologies Inc.) with SYBR‑Green fluorescence was
subsequently used for the qPCR. Primer sequences are listed
in Table I. The following thermocycling conditions were used
to amplify the cDNA in 40 cycles: Pre‑denaturation (95˚C for
30 sec), annealing (95˚C for 5 sec) and extension (60˚C for
20 sec). mRNA expression levels were calculated using the
2‑ΔΔCq method (20) and normalized to the internal reference
genes GAPDH or β‑actin.
Western blotting. Total protein was extracted from pancreatic
tissue and HPDE6C7 cells using a RIPA buffer with 1%
phenylmethylsulfonyl fluoride. Total protein concentration
was quantified using the Bicinchoninic Acid Protein Assay
kit (Wuhan Boster Biological Technology Co., Ltd.). Protein
samples (30 µg/well) were transferred onto polyvinylidene
fluoride membranes following 10% and 15% SDS‑PAGE.
Membranes were blocked with 5% skimmed milk for 45 min
at room temperature. The membranes were subsequently
incubated with primary antibodies, including those for
TRAF6 (1:2,000; cat. no. ab33915; Abcam), NLRP3 (1:1,000;
cat. no. IMG‑6668A; Novus Biologicals, Inc.), caspase‑1
(1:1,000; cat. no. ab179515; Abcam), caspase‑3 (1:1,000; cat.
no. ab14220; Cell Signaling Technology, Inc.) and β ‑actin
(1:5,000; cat. no. ab6276; Abcam) overnight at 4˚C. After
washing with TBS‑0.1% Tween‑20 buffer, membranes were
incubated with goat anti‑rabbit IgG (1:10,000; cat. no. ab4413;
Cell Signaling Technology, Inc.) at room temperature for
1 h. Blots were scanned using the Odyssey ® Fc Imager
system (LI‑COR Biosciences), and protein expression was
semi‑quantified using imageJ software (version 1.4.1; National
Institutes of Health) with β‑actin as the loading control.
Hoechst/PI staining. HPDE6C7 cells were cultured with
CAE for 48 h at 37˚C and washed with PBS three times.
Subsequently, 1 ml cell staining buffer was added, followed
by 5 µl Hoechst staining solution and 5 µl propidium iodide
(PI) staining solution (Beyotime Institute of Biotechnology) at
the same time and placed at 4˚C for 30 min in the dark. After
washing with PBS three times, the dye mixture was discarded
and the cells were observed under a fluorescence microscope.
Statistical analysis. All data are presented as the mean ± stan‑
dard of at least three independent experiments. Data were
analyzed using SPSS 24.0 software (IBM Corp.) and are
expressed as the mean ± standard deviation. One‑way ANOVA
was used for statistical comparisons between more than two
groups, followed by Tukey's post hoc test. P<0.05 was consid‑
ered to indicate a statistically significant difference.
Results
Pancreatic histopathological scores. Pancreatic injury
was evaluated using a histopathological scoring system.
Histological changes confirmed that AP was successfully
established in the rats. Edema and inflammatory cell infiltration
were observed in the pancreatic tissues of AP rats, and acinar
necrosis was occasionally observed in the AP48H group
(Fig. 1A). The pancreatic pathological scores of the AP24H

3

Table I. Sequences of primers used for reverse transcrip‑
tion‑quantitative PCR.
Gene
Human‑
TRAF6
Human‑
NLRP3
Human‑
caspase‑1
Human‑
caspase‑3
Human‑
GAPDH
Rat‑TRAF6
Rat‑NLRP3
Rat‑caspase‑1
Rat‑caspase‑3
Rat‑β‑actin

Sequence (5'‑3')
F: CGCGCATAGAACGACAAG
R: TTTCCAGGGGTGGGTCAAAC
F: CGGCAAGACCAAGACGTGTGAG
R: CAGGCTCAGAATGCTCATCATCGG
F: GAAGAAACACTCTGAGCAAGTC
R: GATGATGATCACCTTCGGTTTG
F: AGATGTCCAGCCAGCTGCACC
R: TGACCCCACCGAACTCAAAGA
F: CAAATTCCATGGCACCGTCA
R: GACTCCACGACGTACTCAGC
F: TTTGGCGTCGGAGACACTTG
R: TCGCTTGAAGACTGGCTGGA
F: CTGAAGCATCTGCTCTGCAACC
R: AACCAATGCGAGATCCTGACAAC
F: ACTCGTACACGTCTTGCCCTCA
R: CTGGGCAGGCAGCAAATTC
F:AGACAGACAGTGGAACTGACGATG
R: GGCGCAAAGTGACTGGATGA
F: TTGCTGACAGGATGCAGAA
R: ACCAATCCACACAGAGTACTT

TRAF6, tumor necrosis factor receptor‑associated factor 6; NLRP3,
NLR pyrin domain containing 3; F, forward; R, reverse.

group were significantly higher compared with the control
group. Compared with the AP24H group, the AP48H group
displayed significantly increased pancreatic injury (Fig. 1B).
AMY, IL‑1β and IL‑18 serum levels. AMY activity and serum
levels of IL‑1β and IL‑18 were detected. The serum activity
of AMY was markedly higher in the AP24H group compared
with that in the control group (Fig. 1C). IL‑1β and IL‑18 serum
levels in the AP groups were significantly higher compared
with those in the control group. Furthermore, compared with
the levels in the AP24H group, the levels in the AP48H group
increased to a greater extent (Fig. 1D and E).
mRNA and protein expression levels of TRAF6, NLPR3,
caspase‑1 and caspase‑3 in pancreatic tissues. Following
induction with CAE for 24 and 48 h in rats, TRAF6 and
caspase‑1/3 pathways were examined by RT‑qPCR and
western blotting. The mRNA and protein expression levels of
TRAF6, NLPR3, caspase‑1 and caspase‑3 were significantly
upregulated in the pancreatic tissues of the AP groups
compared with the control group. Moreover, the AP48H
group demonstrated significantly higher mRNA and protein
expression levels compared with the AP24H group (Fig. 2A‑I).
Construction of lentivirus transfection vector for overexpres‑
sion of TRAF6. In order to investigate the potential role of
TRAF6 in vitro, TRAF6 was overexpressed in HPDE6C7
cells using lentiviral infection, and the transfection data are
described in our previous study (21).
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Figure 1. Histological changes in the pancreas, serum AMY activity, and IL‑1β and IL‑18 levels. (A) Histopathological changes (arrows) in H&E‑stained pan‑
creatic tissues (magnification, x200). (B) Pathological scores of the pancreas. (C) Serum AMY activity. Serum (D) IL‑1β and (E) IL‑18 levels in the different
groups. *P<0.05 vs. control; #P<0.05 vs. control and AP24H. AMY, amylase; AP24H, caerulein‑induced acute pancreatitis for 24 h; AP48H, caerulein‑induced
acute pancreatitis for 48 h.

Pyroptosis morphology of HPDE6C7 cells following CAE
treatment and TRAF6 overexpression. HPDE6C7 cells were
treated with CAE and TRAF6 overexpression vectors and
visualized using Hoechst/PI staining. Compared with the
control, in the 12H group, PI could pass through the cell
membrane into the nucleus and displayed red fluorescence
following treatment with CAE. Red fluorescence was mark‑
edly increased in the 24H and 48H groups compared with the
control and 12H group (Fig. 3A). Following TRAF6 overex‑
pression, a small amount of red fluorescence was observed
in the TRAF6 group, compared with the blank group where
none was observed. After CAE treatment, the red fluorescence
increased in both groups, and that in the TRAF6 + CAE group
was significantly higher than that in the blank + CAE group
(Fig. 3B).
IL‑1β levels in the supernatant of HPDE6C7 cells. The level
of IL‑1β was also detected in the HPDE6C7 cell supernatant.
IL‑1β levels in CAE‑stimulated groups were significantly
higher compared with the control group. Furthermore, IL‑1β
levels increased with CAE stimulation time, with the highest
IL‑1β level observed in the 48H group (Fig. 4A). Moreover,
IL‑1β levels in the cell supernatants of the TRAF6 group and
the TRAF6 + CAE group were markedly higher compared
with the blank group and the blank + CAE group, respectively
(Fig. 4B).
mRNA and protein expression levels of NLPR3, caspase‑1 and
caspase‑3 in HPDE6C7 cells. As the potential mechanisms of

the caspase‑1/3 signaling pathways were investigated in rats,
this process was also explored in vitro. NLPR3, caspase‑1 and
caspase‑3 mRNA and protein expression levels were analyzed
via RT‑qPCR and western blotting in HPDE6C7 cells. mRNA
expression levels of NLRP3 and caspase‑1 significantly
increased with CAE stimulation compared with the control.
NLRP3 mRNA expression increased in a time‑dependent
manner when exposed to CAE, with the highest expression
levels observed in the 48H group (Fig. 4C). Caspase‑1 mRNA
expression levels were highest in the 12H group, with all
CAE‑stimulated groups being significantly higher compared
with the control (Fig. 4D).
NLRP3 and caspase‑1 mRNA and cleaved caspase‑1 protein
expression levels in the TRAF6 group were significantly lower
compared with the blank group (Fig. 5A, B and F), whereas
the protein expression levels of NLRP3 in the TRAF6 group
were significantly higher compared with the blank group
(Fig. 5D and E). Caspase‑3 mRNA and cleaved caspase‑3 protein
expression levels in the TRAF6 group were significantly higher
compared with that in the blank group (Fig. 5C, D and G).
Following TRAF6 overexpression, the mRNA expression levels
of NLRP3 and caspase‑3 were significantly increased in the
TRAF6 + CAE group compared with the blank + CAE group
(Fig. 5A and C). However, caspase‑1 mRNA expression was
significantly decreased in the TRAF6 + CAE group compared
with the blank + CAE group (Fig. 5B). Protein expression
levels of NLRP3, cleaved caspase‑1 and cleaved caspase‑3 in
the TRAF6 + CAE group were significantly higher compared
with the blank + CAE group (Fig. 5D‑G).
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Figure 2. TRAF6, NLPR3, caspase‑1 and caspase‑3 mRNA and protein expression levels in pancreatic tissue. Reverse transcription‑quantitative PCR analysis
was performed to determine the expression levels of (A) TRAF6, (B) NLRP3, (C) caspase‑1 and (D) caspase‑3. (E) Western blotting was performed to deter‑
mine the protein expression levels of (F) TRAF6 (58 kDa), (G) NLRP3 (118 kDa), (H) cleaved caspase‑1 (12 kDa) and (I) cleaved caspase‑3 (19 kDa). *P<0.05
vs. control; #P<0.05 vs. control and AP24H. TRAF6, tumor necrosis factor receptor‑associated factor 6; NLRP3, NLR pyrin domain containing 3; AP24H,
caerulein‑induced acute pancreatitis for 24 h; AP48H, caerulein‑induced acute pancreatitis for 48 h.

Discussion
AP is a common inf lammatory disease that is often
characterized by abnormal activation of trypsin in the
pancreas, resulting in severe local inflammatory reactions,
including edema and bleeding and necrosis of pancreatic
tissues (22). Further disease progression can be accompanied
by heart, lung, kidney and intestinal injury as well as other
complications, thereby increasing the risk of death (23‑25).
Pyroptosis is morphologically characterized by both
necrosis and apoptosis. During pyroptosis, the swelling of cells
results in the formation of vesicular projections and numerous
1‑2 nm pores on the cell membrane (26). With the rupture of
the cell membrane, cytoplasmic contents are released into the
extracellular space, which induces an inflammatory reaction,
changes nuclear concentration and causes DNA rupture, as
well as other changes (27). Pyroptosis activation pathways are
divided into classical caspase‑1‑dependent signaling pathways
and non‑classical caspase‑4/5/11‑dependent signaling path‑
ways, although a previous study has shown that caspase‑3 may
also be involved in pyroptosis (28).

NLRs are known to serve a significant role in pyroptosis.
The NLRP3 inflammasome consists of NLRP3 protein,
ASC and pro‑caspase‑1 (29). Pathogen‑associated molecular
patterns, such as bacteria and viruses, or damage‑associated
molecular patterns (DAMPs), are recognized by intracel‑
lular and extracellular pattern recognition receptors, which
activate NLRP3 inflammasome assembly, after which the
NLRP3 inflammasome cleaves pro‑caspase‑1 into active
caspase‑1 (30). Furthermore, activated caspase‑1 converts
pro‑IL‑1β and pro‑IL‑18 to mature IL‑1β and IL‑18, respec‑
tively. Therefore, pyroptosis results in the release of IL‑1β
and IL‑18, which recruit inflammatory cells and amplify the
inflammatory response (8). NLRP3‑deficient mice display
a greater reduction in the inflammatory response of the AP
model, suggesting that NLRP3 may serve a pivotal role in
AP (31). A recent study suggested that NLRP3 induces the
T helper 2 cell‑mediated response via IL‑18, thus facilitating
the development of the inflammatory response in mice with
AP and inhibition of NLRP3 may be useful to treat patients
with severe AP (32). The present study demonstrated that AP
contributed to a significant increase in the mRNA and protein
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Figure 3. Pyroptosis in HPDE6C7 cells as observed by Hoechst/PI staining (magnification, x50). (A) HPDE6C7 cells were treated with CAE at 12, 24 and
48 h. (B) Following TRAF6 overexpression, HPDE6C7 cells were treated with CAE. 12H, CAE treatment for 12 h; 24H, CAE treatment for 24 h; 48H, CAE
treatment for 48 h; CAE, caerulein; TRAF6, tumor necrosis factor receptor‑associated factor 6.

expression levels of NLRP3, caspase‑1 and caspase‑3, and
the serum levels of IL‑1β and IL‑18. These results indicated
that NLRP3, caspase‑1 and caspase‑3 may serve a role in
CAE‑induced AP in rats.
TLR is a crucial component of the innate immune
system, which is involved in the occurrence of AP through
the activation of the NLRP3 inflammasome (33). TLR9 is an
important upstream DAMP receptor that is involved in the
pathogenesis of experimentally induced pancreatitis, along
with NLRP3, ASC and caspase‑1, and more importantly, that
NLRP3, ASC and caspase‑1 are required for inflammation
in AP (34), with TRAF6 being the central confluence point
and key adaptor protein of most TLR signaling pathways.
TRAF6 is a ubiquitin ligase that mediates the occurrence of
acute and chronic inflammatory diseases (35). A previous
study demonstrated that TRAF6 is a convergence point of the
TLR4 signaling pathway, which is critical in AP (36). Hence,

in the present study TRAF6 expression levels were detected
in the pancreatic tissues. The results indicated that TRAF6
expression was significantly increased in CAE‑induced AP.
In the present study, the inflammatory response and
pancreatic injury worsened within 24 and 48 h following AP
induction in rats. Serum levels of AMY, IL‑1β and IL‑18 were
increased. Simultaneously, the mRNA and protein expres‑
sion levels of TRAF6, NLRP3, caspase‑1 and caspase‑3 were
also significantly elevated in pancreatic tissues. These results
indicated that the TRAF6, NLRP3 and caspase‑1/3 signaling
pathways, are also involved in the pathogenesis of AP. It was
therefore hypothesized that pancreatic tissue injury may be
associated with the activation of pyroptosis, which leads to an
inflammatory response.
To investigate the potential mechanisms by which TRAF6
is involved in pyroptosis, HPDE6C7 cells were treated with
CAE to induce and observe pyroptosis. Hoechst/PI staining
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Figure 4. IL‑1β levels and NLRP3 and caspase‑1 mRNA expression levels in HPDE6C7 cells. IL‑1β levels in HPDE6C7 cells (A) after CAE stimulation for 12,
24 and 48 h and (B) following TRAF6 overexpression and CAE stimulation. Reverse transcription‑quantitative PCR analysis of (C) NLRP3 and (D) caspase‑1
in HPDE6C7 cells following CAE stimulation for 12, 24 and 48 h. *P<0.05 vs. control or TRAF6; #P<0.05 vs. TRAF6 + CAE. TRAF6, tumor necrosis factor
receptor‑associated factor 6; NLRP3, NLR pyrin domain containing 3; 12H, CAE treatment for 12 h; 24H, CAE treatment for 24 h; 48H, CAE treatment for
48 h; CAE, caerulein.

demonstrated that following treatment with CAE, extensive
red fluorescence appeared in HPDE6C7 cells at 12, 24 and
48 h, especially at 48 h. PI staining can also demonstrate the
rounding, swelling and necrosis of cells. Since the integrity
of the cell membrane is destroyed during necrosis, PI can
freely pass through the cell membrane and as a result cells
exhibit red fluorescence, which is considered to represent
pyroptosis (37,38). Following TRAF6 overexpression, a small
amount of necrosis was found in the TRAF6 group, while
CAE‑stimulated cells for 48 h exhibited higher red fluores‑
cence in the TRAF6 + CAE group and the Blank + CAE
group.
The present study also confirmed that supernatant IL‑1β,
NLRP3 and caspase‑1 mRNA expression levels significantly
increased following CAE treatment of HPDE6C7 cells.
However, TRAF6 overexpression significantly decreased
NLRP3 mRNA expression in the TRAF6 group compared
with the blank group. The detection of the mRNA expression
levels of numerous genes cannot predict their protein
expression levels (39). Since the effector molecule of a gene is
the protein and not the RNA, NLRP3 protein expression was
analyzed via western blotting. Western blotting demonstrated
that NLRP3 protein expression levels in the TRAF6 group

were significantly higher compared with the blank group.
Furthermore, cleaved caspase‑1 protein expression levels were
significantly decreased in the TRAF6 group compared with the
blank group. However, cleaved caspase‑1 protein expression
levels were significantly higher in the TRAF6 + CAE group
than in the blank + CAE group following CAE treatment.
This result indicated that TRAF6 overexpression may lead
to a decrease in cleaved caspase‑1 protein expression levels
under viral transduction and an increase in cleaved caspase‑1
when treated with CAE in the TRAF6 + CAE group.
Significantly increased supernatant IL‑1β, caspase‑3 mRNA
and protein expression levels were also observed in the
TRAF6 and TRAF6 + CAE groups. The results of the present
study therefore indicated that CAE treatment and TRAF6
overexpression increased the aforementioned parameters and
therefore indicated the activation of pyroptosis.
In conclusion, TRAF6 and the caspase‑1/3 signaling path‑
ways served a role in CAE‑induced AP in rats. Pyroptosis in
AP was attributed to a combination of CAE and TRAF6 in
the human pancreatic ductal epithelial cells. In this study, it
was preliminarily found that TRAF6 may be related to the
pyroptosis of AP. These findings provided evidence to support
further investigations into TRAF6 in pyroptosis during AP.
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Figure 5. NLPR3, cleaved caspase‑1 and cleaved caspase‑3 mRNA and protein expression levels in HPDE6C7 cells. Following TRAF6 overexpression, reverse
transcription‑quantitative PCR analysis was performed to determine the mRNA expression levels of (A) NLRP3, (B) caspase‑1 and (C) caspase‑3. (D) Western
blotting was performed to determine the protein expression levels of (E) NLRP3 (118 kDa), (F) cleaved caspase‑1 (12 kDa) and (G) cleaved caspase‑3 (19 kDa).
*
P<0.05 vs. TRAF6; #P<0.05 vs. TRAF6 + CAE. Control, HPDE6C7 cell; TRAF6, tumor necrosis factor receptor‑associated factor 6; NLRP3, NLR pyrin
domain containing 3; CAE, caerulein.
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