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Abstract. Pancreatic encephalopathy (PE) is a common fatal
complication of acute pancreatitis (AP). Proinflammatory
cytokines such as tumor necrosis factor (TNF)-a and inter-
leukin (IL)-6 are generated during AP, and act synergistically
to promote PE and multisystem failure. Caerulein-induced
AP provides a convenient model to explore the role of proin-
flammatory cytokines in PE. The aim of the present study
was to examine the effect of the TNF-a inhibitor etanercept
in PE models and elucidate the regulatory mechanisms. To
model PE in vitro, rat hippocampal H19-7/IGF-IR neuronal
cells were treated with 10 nmol/ml caerulein alone or in
combination with etanercept (1, 10 or 100 gmol/ml). To
model PE in vivo, rats were injected with 50 pg/kg caerulein
alone or combined with 10 mg/kg etanercept. At 6 h after
administration, it was noted that etanercept downregulated
expression of TNF-a, IL-18 and IL-6 by negatively regulating
NF-«B (a master regulator of cytokine expression) signaling,
and prevented the accumulation of reactive oxygen species.
Conversely, etanercept promoted the expression of the
neurotrophic and anti-inflammatory hypoxia-inducible factor
1 a (HIF-1a). In rat hippocampus, etanercept also reduced
the levels of TNF-a, IL-1f3 and IL-6, upregulated HIF-1a
expression and inhibited the inflammatory response to reduce
edema and neural necrosis. Together, these data suggested
that etanercept could attenuate caerulein-induced PE, at least
in part via suppression of NF-«kB signaling and alleviation of
oxidative stress.

Correspondence to: Dr Xiangyu Wang, The First Affiliated
Hospital, Jinan University, 613 W. Huangpu Avenue, Guangzhou,
Guangdong 510220, P.R. China
E-mail: xywang1962@163.com

Key words: etanercept, pancreatic encephalopathy, tumor necrosis
factor-a, NF-kB, interleukin-6, hypoxia-inducible factor 1 a

Introduction

Pancreatic encephalopathy (PE) is a potentially fatal neuro-
logical syndrome resulting from acute pancreatic disease, with
typical symptoms, including inflammatory or autoimmune
reactions, idiopathic nervous system lesions and a neuroveg-
etative state (1). PE is an uncommon complication of severe
acute pancreatitis (SAP). Neurological signs can have an acute
onset, with convulsions, amaurosis, paresis and dysarthria,
or there can be a progressive onset with behavioral changes,
psychomotor agitation, space and time disorientation, visual
or auditory hallucinations, and affected consciousness that
can lead to coma (2). Important elements involved in the
complicated evolution of SAP include cell factors, including
cytokines such as tumor necrosis factor (TNF)-a, and inter-
leukin (IL)-1B, -6 and -10 (3). In pancreatitis, granulocytes,
monocytes and lymphocytes are recruited by local inflam-
matory processes caused by the release of proinflammatory
and anti-inflammatory cytokines and chemokines (4). During
pancreatic injury, atrophic acinar cells activate macrophages
and granulocytes to release several inflammatory factors,
such as IL-1, IL-6 and TNF-a (5). These proinflammatory
factors can activate pancreatic stellate cells to accelerate the
development of pancreatitis (6). SAP complications, including
respiratory insufficiency and hypoxia, can cause abnormal
metabolism and cerebral edema (7). The above factors, as part
of the multiple organ failure that can occur during PE, lead
to a potentially fatal neurological syndrome. The neurological
lesions associated with PE probably result from oxidative
stress, cytokine storm and enzyme-derived damage (8), but the
detailed pathophysiology mechanisms remain to be elucidated.

Adler et al (9) found that caerulein can cause severe
pancreatitis during pancreatic necrosis. Caerulein, a molecular
ortholog of the intestinal hormone cholecystokinin, is derived
from the skin of Litorea caerulea (10). Caerulein promotes
the procession of PE via the disruption of collagen and causes
pancreatic fibrosis, initiating edema and exposing neurons
to peripheral proinflammatory factors, including TNF-o and
IL-1p, which in turn trigger local neuroinflammation, neuro-
degeneration and demyelination (11). Caerulein also leads to
inflammatory cell infiltration, pancreatic edema and acinar
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cell vacuolization that are comparable to acute pancreatitis in
humans. Indeed, caerulein exposure is often used to simulate
PE in vitro or in vivo to explore the pathogenic mechanisms
of PE (12).

The NF-kB family are a group of structurally related
transcription factors that consist of various combinations
of NF-«kB and Rel proteins (13). NF-xB signaling regulates
the expression and release of proinflammatory factors such
as TNF-a, IL-1f and IL-6 (14). Transcriptional activity is
modulated by the IkB kinase (IKK) complex that regulates the
transcriptional activity of NF-«kB, as well as [kBa-inhibited
NF-kB phosphorylation (15). The IKK subunit IKKf is a
critical regulator of inflammation via the TNF-induced IxB
phosphorylation/degradation pathway and so may regulate the
neuroinflammatory response and ensuing nerve cell damage
during PE.

Soluble TNF receptors (TNFRs) generated from the
cleavage of the TNFR extracellular domain can be used to
inhibit TNF-a signaling during inflammatory responses (16).
Etanercept is a 934-amino acid (~150 kDa) recombinant
dimeric fusion protein consisting of human immunoglob-
ulin G linked via Fc (the constant region) and the extracellular
ligand-binding domains of human soluble TNFR2 (17). The
dimeric structure of etanercept increases the TNF-binding
affinity ~50-fold, which can enhance TNF-neutralizing
capacity ~1,000-fold over monomeric TNFR2 (18,19).

During acute pancreatitis (AP) progression, local inflam-
matory cell responses to common proinflammatory cytokines,
including TNF-a, could further enhance the inflammatory
response by upregulating the expression of IKKf and subse-
quent activation of NF-xB signaling (20). These data suggest
that etanercept may suppress damaging neuroinflammation
during PE by disrupting the TNF-o/NF-«B signaling pathway,
but this has not been demonstrated directly. Therefore, the
aim of the current study was to assess the effect of etaner-
cept on neuroinflammation and nerve cell protection in a
caerulein-induced PE model.

Materials and methods

Animals and groups. The Jinan University Laboratory
Animal Welfare and Ethics Committee charter approved
all procedures involving rats. All protocols also conformed
to the guidelines of Animal Use and Care of the National
Institutes of Health (21). In vivo experiments were conducted
on 8-week-old male Sprague—Dawley (SD) rats (weight,
250-300 g) purchased from the Southern Medical University
animal center (Guangzhou, Guangdong). Rats were housed
in rectangular polypropylene cages under a controlled
temperature (20+1°C), with a humidity of 50-60% and a 12-h
light/dark cycle with ad libitum access to food and water. The
mortality rate of the animals during the modeling period was
58%; animals were euthanized when they reached a humane
endpoint (22). Rats were anesthetized or euthanized with
intraperitoneal (IP) injection of pentobarbital sodium (50 or
120 mg/kg, respectively) based on previously described
methods (23,24). To confirm the vital signs of experimental
animals, the vital signs (including spontaneous breathing and
pupil size) were observed on an hourly basis. No spontaneous
breathing, heartbeat, dilated pupils, and direct and indirect
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light reflection of bilateral pupils were used to indicate that the
animals had succumbed. Finally, the surviving experimental
animals were euthanized by IP injection of pentobarbital
sodium and then the tissue samples were quickly collected.
Dead animals and euthanized animals were placed in waste
bags, temporarily stored in freezers, and finally recycled
and disposed of by the University Experimental Animal
Center. In the process of modeling, the main causes of death
in experimental animals were considered as brain edema,
cerebral hernia and shock. All the surgical interventions were
performed under sterile conditions and strictly complied with
the requirements of NC3Rs guidelines (25).

A total of 30 SD rats were randomly separated into
three groups (n=10/group): The sham group was the control
group, and was subjected to neck skin incision and closure,
followed by injection with an equivalent volume of saline. The
Caerulein group was the PE model group (n=10) and received
the same surgical procedure, but were injected with 50 ug/kg
caerulein (26) through the jugular vein. The Caerulein + EP
group was the PE model + EP group and received the same
surgical procedure, but was treated with 50 pg/kg caerulein
and 10 mg/kg etanercept (Immunex Corporation) (27) through
the jugular vein. All animals were sacrificed at 6 h after injec-
tion according to the previous literature (28) for histochemical
and biochemical analyses.

Cell culture and treatment. Rat hippocampal H19-7/IGF-IR
cells (29) were obtained from the American Type Culture
Collection (cat. no. CRL-2526™) and cultured in Dulbecco's
modified Eagle's medium (DMEM; Invitrogen; Thermo
Fisher Scientific, Inc.) supplemented with 0.2 mg/ml G418,
0.001 mg/ml puromycin (Invitrogen; Thermo Fisher Scientific,
Inc.) and 10% fetal calf serum (Invitrogen; Thermo Fisher
Scientific, Inc.). The culture medium was replaced every
2 days. H19-7/IGF-IR cells were seeded at 2x10°/well on 6-well
plates coated with 0.015 mg/ml poly-L-lysine and cultured in a
humidified incubator at 34°C under a 5% CO, atmosphere for
3-5 days. Cells were then treated with caerulein (10 nmol/ml)
alone or in combination with 1, 10 or 100 gmol/ml etanercept
according to previous studies (30,31). At 6 h after administra-
tion, cells were washed with PBS and collected for further
investigation.

Histological analysis. Pathogenic changes in the hippo-
campus, and the expression levels of various proinflammatory
and neurotrophic factors were examined by hematoxylin and
eosin (H&E) staining and immunohistochemical staining,
respectively. Briefly, rats were euthanized by IP injection of
pentobarbital sodium (120 mg/kg) and perfused transcardi-
ally with 100 ml physiological saline. The hippocampus
was isolated and immersed in 0.1 M PBS (pH 7.4) with
4% paraformaldehyde and 30% sucrose overnight at 4°C.
Tissues were then embedded in optimal cutting temperature
compound (Sakura Finetek) and stored at -80°C. Horizontal
and coronal sections (5 ym) were prepared for immunohisto-
chemical and H&E staining for 5 min at room temperature.
Each section was washed with PBS plus 0.1% Triton X-100 for
7 min and then blocked for 1 h in 10% bovine serum albumin
(BSA; Sigma-Aldrich; Merck KGaA) at room temperature.
Sections were incubated overnight at 4°C with the following
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primary antibodies (all from Abcam): Anti-IL-1f (1:1,000;
cat. no. ab9722); TNF-a (1:1,000; cat. no. ab6671); IL-6
(1:1,000; cat. no. ab9324); and hypoxia-inducible factor 1 a
(HIF-1a; 1:1,000; cat. no. ab8366). Following washing in PBS,
sections were incubated in secondary antibodies: Anti-mouse
IgG H&L [(horseradish peroxidase; HRP) 1:2,000;
cat. no. ab205719; Abcam)] and anti-Rabbit IgG H&L [(HRP);
1:2,000; cat. no. ab6721; Abcam], with 2% BSA for 1 h at room
temperature and then washed again in PBS. Immunolabeling
was revealed using DAB as a chromogen for light microscopy.
H&E staining was conducted according to the manufacturer's
instructions of H&E staining kit (cat. no. C0105; Beyotime
Institute of Biotechnology). All sections were viewed under an
Olympus BX51 microscope (Olympus Corporation; magnifi-
cation, x100) and six slices were randomly selected for each
group.

RNA extraction, cDNA synthesis and reverse transcrip-
tion-quantitative (RT-q)PCR. Total RNA was extracted from
rat hippocampal H19-7/IGF-IR cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. A Reverse Transcriptase Reagent
kit (Takara Bio, Inc.; cat. no. RR037A) was used to synthesize
cDNA according to the manufacturer's instructions. SYBR
Green Master mix kits (Takara Bio, Inc.; cat. no. RR820A)
were used to assess the efficiency of RT-qPCR. Reactions
were conducted in 200 yl thin-walled reaction tubes using
an ABI Prism 7500 Sequence Detection System (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The reaction
mixture contained 2X SYBR Green Master mix (10 pl), sense
and antisense primers (0.8 ul, 2.5 uM of each) and cDNA (5 pl,
10 ng). The thermocycling included initial denaturation at
95°C for 60 sec, followed by 40 cycles of denaturation at 95°C
for 5 sec and annealing/extension at 60°C for 30 sec. GAPDH
was used as the internal control gene. Relative gene expres-
sion was calculated using the 224°4 method (32). The primers
used for amplification were: IL-13 forward, 5'-CCAGGATGA
GGACCCAAGCA-3' and reverse, 5-TCCCGACCATTGCTG
TTTCC-3"; TNF-a forward, 5-AAGCCCGTAGCCCACGTC
GTA-3' and reverse, 5'-GCCCGCAATCCAGGCCACTAC-3"
IL-6 forward, 5'-GATTTACATAAAATAGTCCTTCCT
ACC-3' and reverse, 5-GGTTTGCCGAGTAGATCTCAA
AGTG-3"; HIFI-a forward, 5-~ACCTATGACCTGCTTGGT
GCTGAT-3' and reverse, 5S'-CAGTTTCTGTGTCGTTGC
TGCCAA-3'; B-actin forward, 5'-"ACCATTGGCAATGAG
CGGT-3' and reverse, 5'-GTCTTTGCGGATGTCCACGT-3..

ELISA. Blood samples (1 ml) were collected and centrifuged at
1,000 x g for 15 min at 4°C to extract serum. The samples were
stored at -80°C before the detection. Blood samples (three rat
blood samples in each group) were used to detect the expres-
sion of amylase (cat. no. E-EL-R2544c; Elabscience), TNF-a
(cat. no. abl00785; Abcam) and IL-6 (cat. no. ab100772;
Abcam) according to the manufacturer's protocols.

Western blot assay. Western blotting was used to detect
protein expression and phosphorylation status. H19-7/IGF-IR
cells in 6-well plates (2x10° cells/well) treated as described
were submerged in ice-cold homogenization buffer containing
50 mM Tris-HCI (pH 7.5), 0.5% Triton X-100, and phospha-
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tase/protease inhibitor cocktail (Roche Diagnostics), and
centrifuged (10,000 x g, 20 min, 4°C). The supernatants were
transferred into new tubes and total protein concentration
was determined using bicinchoninic acid protein assay kit
(cat. no. 23227; Thermo Fisher Scientific, Inc.). Then, 30 ug
of protein were separated by 10% SDS-PAGE and transferred
to nitrocellulose membranes (Bio-Rad Laboratories, Inc.).
The membranes were The membranes were blocked using
5% milk (cat. no. MA0097-400ML; Dalian Meilunbio Co.,
Ltd.) at 37°C for 1 h. Then, incubated with species-specific
primary antibodies, including rabbit anti IL-1p (1:1,000;
cat. no. ab9722; Abcam), TNF-a (1:1,000; cat. no. ab6671;
Abcam), IL-6 (1:1,000; cat. no. ab9324; Abcam), HIF1-a
(1:1,000; cat. no. ab179483; Abcam), phosphorylated (p)-NF-xB
(1:1,000; cat. no. 3033; Cell Signaling Technology, Inc.), NF-xB
(1:1,000; cat. no. 8242; Cell Signaling Technology, Inc.),
Anti-B-actin (1:1,000; cat. no. abl15777; Abcam), p-IKKf
(1:1,000; cat. no. 2697; Cell Signaling Technology, Inc.) and
IKKp (1:1,000; cat. no. 2678; Cell Signaling Technology,
Inc.) overnight at 4°C. Membranes were then incubated with
species-specific horseradish peroxidase conjugated secondary
antibodies goat anti-mouse (1:2,000; Abcam; cat. no. ab6789)
and goat anti-rabbit (1:2,000; Abcam; cat. no. ab6721). Protein
bands were visualized using an ECL kit (Pierce; Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions and exposed to X-ray films. 3-actin was used as a protein
loading control.

Detection of reactive oxygen species (ROS) level. Cellular ROS
level was measured fluorometrically using the ROS sensitive
dye 2'-7'-dichlorodihydrofluorescein diacetate (DCFH-DA)
as described by Chen et al (33). Briefly, H19-7/IGF-IR cells
treated as indicated were collected, centrifuged at 500 x g
for 5 min at room temperature, resuspended in PBS with
DCFH-DA (10 gM), and incubated at room temperature
for 30 min in darkness. ROS levels were measured by flow
cytometry using a BD FACSCalibur flow cytometer (BD
Biosciences) with excitation set at 488 nm and emission at
530 nm and analyze by Flowjo V10 software (34).

Statistical analyses. All data are expressed as mean + standard
deviation of at least three independent experiments. Student's
t-test and one-way ANOVA followed by Bonferroni's post hoc
test were used to compare treatment group means. P<0.05 was
considered to indicate a statistically significant difference. All
statistical calculations were performed using SPSS 21.0 (IBM
Corp.).

Results

Effects of etanercept treatment on proinflammatory cytokine
release in caerulein-induced PE in vitro. To investigate the
role of etanercept in PE pathogenesis in vitro, the present
study employed a PE model with caerulein (10 nmol/l)
administration using rat hippocampal H19-7/IGF-IR cells
treated with different concentrations of etanercept (1, 10
and 100 gmol/ml). At 6 h after etanercept administration in
caerulein-induced H19-7/IGF-IR cells, the proinflammatory
cytokines TNF-a, IL-1p and IL-6 were examined by immu-
noblotting and RT-qPCR analysis. The effects of etanercept
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Figure 1. Etanercept attenuates caerulein-induced decreases in proinflammatory cytokine release. Etanercept (1, 10, or 100 #mol/ml) dose-dependently
downregulated mRNA expression levels of (A) TNF-a, (B) IL-1p and (C) IL-6 in a caerulein-induced (10 nmol/l) model of pancreatic encephalopathy in
H19-7/IGF-IR cells, as measured by RT-qPCR at 6 h after etanercept treatment. (D) Etanercept (1, 10, or 100 gmol/ml) dose-dependently enhanced HIF-1a
mRNA expression in caerulein-induced (10 nmol/l) H19-7/IGF-IR cells, as measured by RT-qPCR at 6 h after etanercept treatment. N=3; "P<0.05, “P<0.01,
“"P<0.001 vs. group without Etanercept. (E) Etanercept (1, 10, or 100 gmol/ml) dose-dependently downregulated protein expression levels of IL-1f, IL-6,
and TNF-a, and upregulated HIF-1o protein expression, as determined via western blotting in caerulein-induced (10 nmol/l) H19-7/IGF-IR cells at 6 h after
etanercept treatment. Data are presented as mean =+ standard deviation. Experiments were repeated three times for reproducibility. TNF, tumor necrosis factor;
RT-qPCR, reverse transcription-quantitative PCR; IL, interleukin; HIF-1a, hypoxia-inducible factor 1 a; EP, etanercept.

on the expression of the neuroprotective factor HIF-1o were
also examined. It was determined that the mRNA levels
of TNF-a, IL-1p and IL-6 were significantly reduced in
caerulein-induced H19-7/IGF-IR cells following etanercept
treatment (Fig. 1A-C). By contrast, HIF-lo. mRNA expres-
sion levels were significantly increased in caerulein-induced
H19-7/IGF-IR cells following etanercept treatment (Fig. 1D).
It was found that etanercept effectively altered the mRNA
levels of TNF-a, IL-1f, IL-6 and HIF-a in a dose-dependent
manner in caerulein-induced H19-7/IGF-IR cells. The

protein levels of proinflammatory cytokines were confirmed
by western blot analysis. It was identified that the protein
expression levels of TNF-a, IL-1p and IL-6 were attenu-
ated, whereas those of HIF-la were enhanced (Fig. 1E).
The effects of etanercept administration on protein expres-
sion levels were dose-dependent. Taken together, these data
indicated that etanercept can contribute to the activation of
HIF-1a and inhibit the activation of proinflammatory factors,
including TNF-a, IL-1p and IL-6; thus, it may work as an
anti-inflammatory factor in clinic disease treatment.
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Figure 2. Etanercept attenuates caerulein-induced inhibition of the NF-xB
signaling pathway. Western blots showing downregulated p-NF-xB and
p-IKKp protein expression in a caerulein-induced model of pancreatic
encephalopathy in H19-7/IGF-IR cells, which was negatively regulated by
etanercept in a dose-dependent manner (n=3). p-, phosphorylated; IKKf, IxB
kinase.

Effects of etanercept treatment on ROS in caerulein-induced
PE invitro. Oxidative stress, and ensuing accumulation of DNA
lesions and damage to other macromolecules may contribute
to PE pathogenesis (35). To investigate whether etanercept can
suppress caerulein-induced oxidative stress in H19-7/IGF-IR
cells, DCFH-DA fluorescence was compared among cultures
treated with 10 nmol/ml caerulein alone or combined with 1,
10, or 100 gmol/ml etanercept by flow cytometry (Fig. SIA-D).
Flow cytometry showed the peak shifted to the left with the
increased concentration of etanercept. Indeed, etanercept
dose-dependently reduced caerulein-induced ROS accumula-
tion in H19-7/IGF-IR cells (Fig. S1E).

Effects of etanercept treatment on the NF-xB signaling
pathway in caerulein-induced PE in vitro. NF-xB is a
master regulator of inflammatory cytokine expression, and
contributes to the progression of neuroinflammation and
ensuing neuronal damage (36). Therefore, it was examined
whether etanercept altered caerulein-induced phosphoryla-
tion (activation) of NF-xB and the upstream effector IKK.
At 6 h after treatment with etanercept, western blot analysis
indicated downregulated expression of p-IKKf and p-NF-xB
in caerulein-induced H19-7/IGF-IR cells (Fig. 2). As expected,
the phosphorylation of p-IKKf and p-NF-«xB reduced in line
with the increased concentration of etanercept. These find-
ings identified the dominant role of etanercept in negatively
regulating the NF-kB signaling pathway in caerulein-induced
H19-7/IGF-IR cells in vitro.

Effects of etanercept treatment on hippocampus cell
inflammatory factor expression in caerulein-induced PE
in vivo. Rats were injected with caerulein (50 pg/kg) alone
or combined with etanercept (10 mg/kg). At 6 h after injec-
tion, hippocampal inflammation and damage were detected
via ELISA and histochemical analysis. ELISAs revealed
decreased expression levels of amylase, TNF-a and IL-6 in
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the Caerulein + EP group compared with the Caerulein group
(Fig. 3A-C). Furthermore, immunohistochemical analysis
demonstrated elevated expression levels of IL-1§ (Fig. 3D),
TNF-a (Fig. 3E) and IL-6 (Fig. 3F) in hippocampal neurons in
the Caerulein group, which were reversed by cotreatment with
etanercept in the Caerulein + EP group. However, etanercept
enhanced expression of HIF-1a in hippocampus cells in the
Caerulein + EP group compared with the Caerulein group
(Fig. 3G). Therefore, etanercept can inhibit caerulein-induced
PE progression and decrease the release of inflammatory
factors in hippocampus cells.

Discussion

Inflammatory and autoimmune processes are critical to
the pathogenesis and progression of AP, but it is not fully
understood how the progression of AP leads to PE. PE is
among the most serious complications of AP (37), character-
ized by neurodegeneration and psychiatric manifestations
including orientation disorders, trance, excitement and hallu-
cinations (38). The mortality rate of AP with mental and
neurological symptoms can reach 67-100%, as reported in
China (39). Thus, models allowing for elucidation of PE patho-
genesis are essential for improving treatment strategies. The
current study demonstrated that etanercept had an important
role in caerulein-triggered immune reactions and TNF-a
signaling for PE-associated neural damage and that it provides
apotential therapeutic treatment for anti-inflammatory disease.

Previous studies have shown that proinflammatory
cytokines can cause neurovegetative states and depressive
symptoms (40,41). The elevated activity of proinflammatory
cytokines and associated signaling pathways in inflammatory
disorders may aggravate depression and decrease the response
to conventional antidepressant medications (42). In AP, acinar
cell injury initiates local inflammatory and immune responses,
and accelerates the release of proinflammatory cytokines,
including TNF-a and IL-6 (43). The activated cytokine
cascades can accelerate systemic inflammatory responses and
multisystem failure independently from AP development (44).
Though these processes, patients with AP may experience
changes in consciousness and eventual PE (45).

Clinical studies have reported associations between serum
TNF-a and the severity of disease such as multiple scle-
rosis (46), acquired immunodeficiency syndrome (AIDS) (47)
and malaria (48), as well as associations between serum
proinflammatory cytokine concentrations and central nervous
system damage. For instance, patients with systemic lupus
erythematosus exhibiting neural sequela (49) and patients
with AIDS with associated encephalopathy exhibit mark-
edly elevated serum and cerebrospinal fluid IL-6 levels (50).
In addition, TNF-a and IL-6 expression levels are notably
increased in patients with severe head trauma (45). Local
oxidative stress appears to be a major final common pathway
for neuronal damage in these disorders. Using flow cytometry
analysis, the current study demonstrated that etanercept could
prevent the accumulation of ROS in caerulein-induced PE.

TNF-a is hypothesized to be directly or indirectly respon-
sible for the majority of inflammatory and destructive events in
rheumatoid arthritis (RA) (51). For instance, TNF-a. controls
the expression of IKKf in esophageal epithelia, regulates the
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Figure 3. Etanercept attenuates caerulein-induced inflammatory factor expression in hippocampus cells in a rat model of pancreatic encephalopathy. ELISA
analysis revealed an increase in the expression of (A) amylase, (B) TNF-a and (C) IL-6 following 50 pg/kg caerulein injection (Caerulein group). These

signs of neural damage were reversed by co-treatment with 10 mg/kg etanercept (Caerulein + EP group). N=3; "P<0.05,

ok

P<0.001 vs. Caerulein group.

Immunohistochemi cal staining revealed the upregulated expression of (D) IL-1f, (E) TNF-a and (F) IL-6 in the Caerulein group compared with the Sham
group, which was reversed by co-treatment with 10 mg/kg EP. (G) Immunohistochemical staining revealed the upregulated expression of HIF-la in hip-
pocampal cells in the Caerulein + EP group, compared with the Caerulein group. Scale bars, 100 xm (n=3). TNF, tumor necrosis factor; EP, etanercept; IL,

interleukin.

activation of human endothelial cells (52,53) and stimulates
neoangiogenesis (54,55), which leads to an influx of inflam-
matory cells into the rheumatoid joint. On the other hand,
ensuing local immune reactions increase the production of
enzymes responsible for the degradation of cartilage, such as
matrix metalloproteinases (56), and activate osteoclasts, thereby
enhancing bone resorption. In addition, TNF-a induces the
production of proinflammatory cytokines, including IL-1 and

IL-6 (57,58), and increases prostaglandin E2 production (59).
TNF-a and IL-6 serve as important early markers for AP and
the severity of its complications (60,61). Patients with severe
depression also exhibit enhanced levels of proinflammatory
cytokines in peripheral blood (62). These cytokines can enter
the brain and contribute to the development of depression by
affecting indolamine 2,3-dioxygenase and neurotransmitter
metabolism (63).
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The TNF-a inhibitor etanercept is approved clinically
for the treatment of plaque psoriasis, RA, psoriatic arthritis
and axial spondyloarthritis (64). Etanercept can alleviate
arthritic signs and symptoms, thus reducing disease-asso-
ciated disability and promoting health-associated quality of
life. Further, these benefits appear to be maintained during
long-term treatment (43). Similarly, arthritic symptoms were
significantly improved by etanercept compared to a placebo,
according to subjective and objective assessments of disease
activity and physical function (65). These benefits may be
further augmented by combination therapy using methotrexate.
The efficacy of etanercept against RA is also rapid and can
be observed as early as 1 week after initiating therapy (66).
Its interaction with the immune system by associating with
anxiety and the activation of auditory evoked potentials, which
may increase the levels of proinflammatory cytokines such as
TNF-a and IL-6 (67). Injection of IL-1a could block the func-
tion of IL-1p and significantly reduce the expression of NF-xB
in the medial prefrontal cortex, thus significantly improving
depressive behaviors in rats (68). Previous studies have shown
that etanercept can be used in the treatment of serum-positive
RA and Stevens-Johnson syndrome/toxic epidermolysis trig-
gered by carbamazepine, and play a key role in cardiovascular
safety in patients with RA (69-71). However, there are few
cases of clinical treatment of PE with etanercept.

In the current study, etanercept was used to evaluate the
role of TNF-a-mediated inflammation in caerulein-induced
PE. The results demonstrated that etanercept can act as an
anti-inflammatory and protective agent against PE-associated
neural dysfunction in the suppression of TNF-a, IL-1f and
IL-6 expression, in vitro and in vivo. In addition, inhibition of
TNF-a led to the attenuation of NF-«kB signaling and amelio-
ration of oxidative stress. However, etanercept promoted the
induction of HIF-1a, which is released by mononuclear cells
and/or neutrophils, and consequently reduces leukocyte migra-
tion at the site of the inflammatory response (72). In order to
confirm the hypothesis of the present study, it is necessary to
consider more literature on the scoring indicators of PE, such
as the blood-brain barrier score (73); this will be performed in
future studies. Taken together, etanercept effectively improves
caerulein-induced PE by suppressing inflammatory responses,
and could act as a safe and effective therapeutic option in
the development of therapeutic strategies for the treatment of
PE-related disease.
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