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Abstract
Acute pancreatitis is one of the leading causes of gastrointestinal disorder-related hospital-

izations, yet its pathogenesis remains to be fully elucidated. Postsynaptic density protein-95

(PSD-95) is closely associated with tissue inflammation and injury. We aimed to investigate

the expression of PSD-95 in pancreatic acinar cells, and its function in regulating the inflam-

matory response and pancreatic pathological damage in acute pancreatitis. A mouse model

of edematous acute pancreatitis was induced with caerulein and lipopolysaccharide in

C57BL/6 mice. Tat-N-dimer was injected to inhibit the PSD-95 activity separately, or simul-

taneously with SB203580, inhibitor of p38 MAPK phosphorylation. Rat pancreatic acinar

cells AR42J were cultured with 1 lM caerulein to build a cell model of acute pancreatitis.

PSD-95-knockdown and negative control cell lines were constructed by lentiviral transfec-

tion of AR42J cells. Paraffin-embedded pancreatic tissue samples were processed for rou-

tine HE staining to evaluate the pathological changes of human and mouse pancreatic

tissues. Serum amylase and inflammatory cytokine levels were detected with specific

ELISA kits. Immunofluorescence, immunohistochemical, Western-blot, and qRT-PCR

were used to detect the expression levels of PSD-95, p38, and phosphorylated p38. Our

findings showed that PSD-95 is expressed in the pancreatic tissues of humans, C57BL/6

mice, and AR42J cells, primarily in the cytoplasm. PSD-95 expression increased at 2 h,

reaching the peak at 6 h in mice and 12 h in AR42J cells. IL-6, IL-8, and TNF-a increased

within 2 h of disease induction. The pancreatic histopathologic score was greater in the
PSD-95 inhibition group compared with the control (P< 0.05), while it was lesser when phosphorylation of p38 MAPK was

inhibited compared with the PSD-95 inhibition group (P<0.05). Moreover, phosphorylation of p38 MAPK increased statistically

after PSD-95 knocked-down. In conclusion, PSD-95 effectively influences the pathological damage of the pancreas in acute

pancreatitis by affecting the phosphorylation of p38 MAPK.
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Introduction

Acute pancreatitis (AP) is a common clinical acute abdom-
inal disease and is one of the leading causes of gastrointes-
tinal disorders-related hospitalizations.1 The frequency of
AP is increasing worldwide, while the mortality increases

with age.2 The inflammatory cascade is often activated by
local damage of the pancreas, which may subsequently
lead to systemic inflammatory response syndrome (SIRS)
and multiorgan dysfunction syndrome (MODS). Both SIRS
and MODS are the main causes of morbidity and mortality
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in AP. The pathophysiology of AP incorporates both the
local damage of the pancreas and the systemic inflamma-
tory response.3–5 However, the pathogenesis of the inflam-
matory response and pancreatic pathological damage of AP
has not been fully elucidated.

Postsynaptic density protein-95 (PSD-95) is widely dis-
tributed in brain tissues and is one of the most important
and abundant scaffolding proteins in the postsynaptic
membrane, while very few studies have evaluated the
expression of PSD-95 in other organs. The main function
of PSD-95 is participating in the formation of synaptic con-
nections, maintenance of synaptic plasticity, and the aggre-
gation of multiple receptors.6–8 Besides, PSD-95 is also
closely associated with tissue inflammation and injury in
some diseases. For example, a recent study found that PSD-
95 is reduced in the hippocampus of a mouse model of
neuroinflammation induced by LPS.9 Moreover, NR2B
antagonists can effectively inhibit the assembly of the
NR2B-CaMKII-PSD95 signal module, and protect neuron
injury against LPS-induced inflammation in mice.10 This
indicated that PSD-95 is relevant to brain injury induced
by LPS. However, there are few studies on the function of
PSD-95 in diseases outside of nervous system. As the
inflammatory response is a critical process of AP, further
studies are needed to elucidate the possible mechanism.

P38 mitogen-activated protein kinases (MAPK) are one
of the serine/threonine-protein kinase family members.
P38 MAPK regulates several cellular responses, including
inflammation, cell cycle, differentiation, senescence, apo-
ptosis, and tumorigenesis. The MAPK signaling pathway
is a potential target of inflammation-related therapies.11

Studies have shown that p38 MAPK is also involved in
the regulation of AP.12–14 In addition, PSD-95 has been
shown to affect the phosphorylation of p38 MAPK in the
neural tissue,15,16 suggesting that p38 MAPK may be
involved in a downstream pathway of PSD-95.

In the current study, we aimed to investigate the expres-
sion of PSD-95 in pancreatic tissues and acinar cells, includ-
ing its role in protecting pancreatic tissue damage and
regulating the inflammatory response in AP. Lastly, we
aimed to assess the relationship of PSD-95 and p38
MAPK to determine whether PSD-95 plays its role through
the p38 MAPK pathway in AP.

Materials and methods

AP mouse model

Animal experiments were approved by the Animal Welfare
and Ethics Committee of Capital Medical University (AEEI-
2018–074) and performed according to the Declaration of
Helsinki. C57BL/6 mice (male, eightweeks, 25� 5 g) were
purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd (Beijing, China). Edematous AP was
induced in mice, as previously described.17 Briefly, mice
were randomly assigned to different groups (n¼ 5 per
group), and received intraperitoneal injections (100lg/
kg) of CAE (Sigma, St. Louis, MO, USA) at 1-h intervals
for 6 h. Next, the mice were injected intraperitoneally
with LPS at 50lg/kg (Sigma, St. Louis, MO, USA)

immediately after the final CAE injection. The PSD-95
inhibitor, Tat-N-dimer, was injected after LPS injection at
3 nmol/g in the PSD-95 inhibition groups, as previously
reported.18 SB203580 was injected with Tat-N-dimer simul-
taneously to inhibit p38 MAPK phosphorylation. The mice
were sacrificed at 0.5 h, 2 h, 6 h, 12 h, 24 h, and 48 h after the
final intraperitoneal injection. Mice of the PSD-95 and p38
MAPK inhibition groups were killed at 2 h and 6h post-
injection, because PSD-95 increased at 2 h and reached its
peak at 6 h post-injection. Intraperitoneal injection of pen-
tobarbital sodium was used for anesthesia (0.1mg/g,
Merck & Co., Inc., Darmstadt, Germany).

Histological evaluation

The tissues adjacent to pancreatic cancer of human were
acquired from the Biological Samples and Clinical
Information Repository of Beijing Friendship Hospital,
Capital Medical University. All procedures were performed
in accordance with the Ethical Guidelines for Human
Genome/Gene Research enacted by the Chinese
Government, which was approved by the Ethics
Committee of Capital Medical University (Approval ID:
BJFH-EC/2014–040). Pancreatic tissues, and other organ
tissues of mice were harvested and placed into liquefied
nitrogen or 10% buffered formalin for subsequent analysis.
For histological evaluation, pancreatic tissues were embed-
ded in paraffin and sliced into 4lM sections. Hematoxylin
and eosin (HE) staining was used to evaluate the patholog-
ical changes in the tissues.17 The histopathologic grade was
evaluated, with reference to the standard from Schmidt
et al.19 in 1992.

Determination of serum amylase and inflammatory
cytokine levels

Blood samples were collected from the medial canthus vein
of each mouse and stored at �80�C for analysis by enzyme-
linked immunosorbent assay (ELISA) kits. The expression
level and activity of serum amylase, as well as serum levels
of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), IL-
8, and IL-10 were determined with specific ELISA kits
(Abcam, Cambridge, England, UK and Research and
Diagnosis Systems, Minneapolis, MN, USA) according to
the manufacturer’s instructions.

Cell culture

Rat pancreatic acinar cells AR42J (ATCC, Rockville, MD,
USA) were cultured in F12K medium containing 20%
fetal bovine serum, 100U/mL penicillin, and 100mg/mL
streptomycin under standard conditions, with 5% CO2 at
37�C. All experiments were carried out at least 24 h after the
cells were seeded. The cells were stimulated with 1 lM
CAE (Sigma, St. Louis, MO, USA) for 2 h, 6 h, 12 h, 24 h,
or 48 h to build the AP cell model, as previously
described.20

Lentivirus transfection of cells

PSD-95 knockdown (AR42J-PSD-95-KD) and its negative
control cells (AR42J-NC) were both generated with the
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AR42J cell line. First, the cells were seeded in the 96-well
culture plates at 4000 cells per well. The PSD-95-RNAi
sequence (GACCGACGACATTGGCTTCAT) was designed
based on the full-length rat PSD-95 cDNA sequence and
cloned into the GV298 vector with cherry fluorescence
and puromycin-resistant cassette (GeneChem Co. Ltd,
Shanghai, China). A non-silencing-siRNA (NS-siRNA,
TTCTCCGAACGTGTCACGT) was used as the negative
control. At 24 h post-transfection, the cherry fluorescent
protein was detectable by fluorescent microscopy, and
stable AR42J-PSD-95-KD cells were selected with 2.5lM
puromycin (Sigma-Aldrich, St. Louis, MO, USA).
Puromycin-resistant clones were obtained after several
weeks. PSD-95 expression was examined by Western blot
analysis.

Immunofluorescence

Immunofluorescence was used to detect the presence of
PSD-95 in AR42J cells. AR42J cells were rinsed in
phosphate-buffered solution (PBS) and fixed in 4% (v/v)
paraformaldehyde (40min, 37�C) after the cells were
seeded on the slides in 24-wells culture plates for 24 h.
Next, the cells were then incubated with primary antibody
(ab2723 [1:200], Abcam, Cambridge, England, UK) over-
night at 4�C. After rinsing with PBS, cells were incubated
with the secondary antibody (FITC [1:500] green fluores-
cent) (Sigma, St Louis, MO) for 1 h at room temperature.
The fluorescent dye, 40,6-diamidino-2-phenylindole
(DAPI), was used to stain the cell nuclei (blue). Some sec-
tions were incubated with normal goat serum instead of the
primary antibody to create the negative controls.

Quantitative real-time polymerase chain
reaction analysis

Total RNA was extracted from AR42J cells and pancreatic
tissues of mice in each group using the TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The first-stranded
cDNA was obtained from total RNA with the
Transcriptor cDNA Synthesis kit (Roche, Switzerland).
The resultant cDNA was subjected to qRT-PCR with
specific primers as follows: mouse PSD-95 (Forward,
50- ATGTGCTTCATG TAATTGACGC-30, and reverse, 30-
TTTAACCTTGACCAC TCTCGTC-50), rat PSD-95
(Forward, 50-TCCAGTCTGTG CGAGAGGTAGC-30, and
reverse, 30-GGACGGATGAAG ATGGC-GATGG-50). The
PCR analysis was performed with a Power SYBR Green
PCR Master Mix (Applied Biosystems, Foster City, CA,
USA) in an Applied Biosystems 7500 platform. The PCR
conditions were as follows: denaturation at 95�C for
5min, 40 cycles of 95�C for 15 s, and 60�C for 1min.
GAPDH cDNAwas used to normalize the sample amounts
for the quantitative analysis.

Immunohistochemistry

The localization of PSD-95 in the pancreas was detected
with immunohistochemical (IHC) staining. The heat-
induced antigens were unmasked by microwaving the
slides in citrate buffer (pH 6.0) for 10min at 98�C. To

suppress endogenous peroxidase and pseudo-peroxidase
activity, the sections were treated with 3% hydrogen perox-
ide in methanol for 10min at room temperature. After rins-
ing the slides in PBS, the sections were incubated with
PSD-95 (1:200 dilution) antibodies overnight at 4�C.
Normal rabbit serum (1:10 dilution) was used as the
negative control. Next, the sections were incubated
with polyperoxidase-conjugated secondary antibody for
30min at room temperature, after rinsing the sections
in PBS. Color development was accomplished with
diaminobenzidine tetrachloride (DAB), while HE
staining was performed to assess the tissues under light
microscopy.

Western blot analysis

AR42J cells were collected in lysis buffer (Bioss, Beijing,
China) on ice for 30min after washing three times with
cold PBS. Pancreatic tissues (30mg) were chopped into
fine fragments and placed into a centrifuge tube with
300 lL radio immunoprecipitation assay (RIPA) lysis
buffer (Solarbio, Beijing, China) supplemented with pro-
teinase inhibitors (Solarbio, Beijing, China). The tissue or
cell lysates were centrifuged at 11,440g at 4�C for 10min.
Protein concentration was measured using the bicincho-
ninic acid (BCA) protein assay kit (Pierce Chemical Co.,
Rockford, IL, USA). Protein samples were separated by
SDS-PAGE and transferred onto polyvinylidene fluoride
(PVDF) membranes (Millipore, Darmstadt, Germany),
which were incubated with 5% skim milk at 37�C for 1 h.
The membranes were then probed with the target anti-
body in 5% (w/v) milk in tris-buffered saline with tween
(TBS-T) overnight. Horseradish peroxidase-conjugated
secondary antibodies were diluted at 1:4000. Signals
were detected by the Image Lab software (170–8195)
from BioRad (Hercules, CA, USA). For the detection of
target proteins, mouse anti-PSD-95 antibody (ab2723,
Abcam, Cambridge, England, UK) rabbit anti-p38
(9212S, CST, Danvers, CO, USA), and rabbit anti-pp38
(4511S, CST, Danvers, CO, USA) were used at the dilution
of 1:1000. Each experiment of Western blot was per-
formed at least three times.

Statistics

Results were presented as mean� SD. Results were ana-
lyzed with SPSS 20.0 (IBM, Chicago, IL, USA), and the
Student’s t-test or one-way ANOVA test was used to ana-
lyze the differences between groups. P< 0.05 was consid-
ered to be statistically significant.

Results

PSD-95 is highly expressed in the pancreas of mice

As shown in Figure 1, Western blot analysis revealed that
PSD-95 is highly expressed in the stomach, colon, pancreas,
and brain tissues of mice. However, PSD-95 expression is
low in the lung, liver, and kidney tissues. PSD-95 expres-
sion is undetectable in skeletal muscle tissues.
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Histopathologic scores of pancreatic tissues, along
with serum amylase and inflammatory factor levels
in the pancreatic tissues from the edematous AP
mouse model

Histopathologic indicators of edema, hemorrhage, and
necrosis are observed in the pancreatic tissues from the
AP group (Figure 2(a) to (d)). The histopathologic score
was significantly higher at 2 h after disease induction, as
compared with the control group (P< 0.05). However, the
score gradually reduced from 2 to 48 h after disease induc-
tion (Figure 2(e)). Serum amylase expression levels were
significantly increased in the AP group, as compared with
the control group at 2 and 6 h after disease induction. The
levels peaked at 12 h after disease induction (P< 0.05)
(Figure 2(f)). Serum amylase activity was also significantly
increased in the AP group, as compared with the control
group at 2, 6, 12, and 24 h after disease induction. The levels
peaked at 12 h after disease induction (P< 0.05) (Figure 2
(g)). IL-6, IL-8, and TNF-a increased by 2 h after disease
induction, and then decreased gradually (Figure 2(h) to
(j)). While IL-10 was significantly higher at 2 h after disease
induction, the value decreased to its lowest level at 6 h
after disease induction, followed by a gradual increase
(Figure 2(k)).

Pancreatic PSD-95 expression is correlated with
edematous AP in vitro and in vivo

PSD-95-specific staining is primarily localized in the cyto-
plasm of acinar cells in the pancreatic tissues of mice
(Figure 3(d)) and humans (Figure 3(e)). Pancreatic PSD-95
protein levels were significantly higher in the AP group
than the control group between 2 and 12 h after disease
induction, peaking at 6 h (P< 0.05) (Figure 3(h)). Changes

in mRNA levels of PSD-95 were associated with the con-
centration of the PSD-95 protein (Figure 3(i)). To confirm
the results in vitro, immunofluorescence assays showed
that PSD-95 is detectable in the cytoplasm of AR42J cells
(Figure 3(a) to (c)). The PSD-95 protein level is higher in the
AP group than the control group between 6 and 48h
(P< 0.05). In addition, PSD-95 protein levels peaked at 6 h
after disease induction, and then gradually decreased
(Figure 3(f)). Concurrently, there was a significant increase
in PSD-95 mRNA levels between 2 and 6h (P< 0.05)
(Figure 4(g)), suggesting that PSD-95 may be correlated
with the progression of edematous AP.

PSD-95 effectively reduces the pathological damage
of the pancreas in edematous AP

HE staining of pancreatic tissues from the AP mice and
PSD-95 inhibition group is shown in Figure 4(a) to (e).
Histopathologic indicators of edema, hemorrhage, and
necrosis are observed in pancreatic tissues of mice after
inhibition of PSD-95, which is higher than the AP group
at 2 h after disease induction. The histopathologic score was
also significantly increased at 2 h in comparison with the
control group (P< 0.05) (Figure 5(f)). Serum amylase
expression levels and activity were both significantly
increased after PSD-95 inhibition at 2 h (Figure 4(g) to
(h)). While serum IL-6 was decreased after PSD-95 inhibi-
tion at both 2 and 6h post-disease induction, there were no
significant changes in IL-8 or TNF-a (Figure 4(i) to (k)).
Hence, these findings demonstrate the significant effects
of PSD-95 on the pathological damage of the pancreas in
edematous AP.

P38 MAPK phosphorylation is negatively affected by
PSD-95 in pancreatic acinar cells

PSD-95 is successfully knocked-down in AR42J cells
(Figure 5(a) and (b)). In addition, p38 MAPK and
phospho-p38 MAPK were detected in AR42J, AR42J-
PSD-KD, and AR42J-NC cell lines. Pp38 expression
increased significantly in the PSD-95-knockdown-AR42J
cells, while there was no difference in total p38
between the PSD-95-knockout-AR42J cells and control
cells (Figure 5(c) and (d)). Hence, the role of PSD-95 in
AP may be mediated by p38 MAPK.

P38MAPK is required for PSD-95 to protect the
pancreas from pathological damage

HE staining of pancreatic tissues from the AP group and
inhibition group is shown in Figure 6(a). Results shown in
Figure 6(b) demonstrate that the histopathologic score of
Tat-N-dimer (þ) and SB203580 (þ) groups is significantly
decreased compared with Tat-N-dimer (þ) and SB203580
(�) groups (P< 0.05). The serum amylase expression levels
and activity also reduced in the Tat-N-dimer (þ) and
SB203580 (þ) groups (P< 0.05), as shown in Figure 6(c)
and (d). Hence, SB203580 can reduce the Tat-
N-dimer-mediated pathological damage and the of release
serum amylase in edematous AP. In addition, these

Figure 1. PSD-95 expression levels in different organs of C57BL/6 mouse. As

shown through quantitative Western blot analysis, PSD-95 is highly expressed in

the stomach, colon, pancreas, and brain tissues. PSD-95 is expressed at low

levels in lung, liver, and kidney tissues. PSD-95 was undetectable in skeleton

muscle tissues.
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findings suggest that p38 MAPK is involved in how PSD-95
regulates the pathological damage of edematous AP.

Discussion

In this study, we explored the function of PSD-95 in edem-
atous AP using both in vitro and in vivo models. We con-
firmed that PSD-95 is expressed in normal pancreatic and
AP tissues. In addition, we showed that the pancreatic
acinar cell AR42J also expressed PSD-95. Next, we investi-
gated whether PSD-95 could reduce the histopathological
pancreatic lesions in the mouse model of edematous AP.
Furthermore, PSD-95 expression was closely associated
with serum amylase and IL-6 levels in the edematous AP
mouse model. Finally, we demonstrated that the phosphor-
ylation of p38 MAPK was involved in how PSD-95 protects
the pancreas from pathological damage.

Our study firstly indicated that PSD-95 was detectable in
thepancreas of bothhuman andmice pancreatic tissues, and
rat pancreatic acinar cells (AR42J). Inmice tissues, PSD-95 is
highly expressed in the stomach and colon pancreas, and
brain tissues, along with low expression in the lungs, liver,
and kidneys. However, PSD-95 was not detected in the skel-
etal muscle tissues. Previous studies have shown that PSD-
95 is mainly present in glutamatergic synapses, as it partic-
ipates in several diseases of the nervous system.8,21 In this
study, PSD-95 expression at the gene and protein levels both
increased after 2 or 6 h post-disease induction until they
peaked. Hence, PSD-95 likely plays an important role in
decreasing the progression of edematous AP.

In this study, we confirmed that PSD-95 could signifi-
cantly protect pancreatic tissues from damage, further indi-
cating that PSD-95 may play an important role in the
pathological progress of edematous AP. Moreover, PSD-95
could significantly reduce serum amylase expression levels

Figure 2. Assessment of hematoxylin and eosin (HE) staining, pathologic scores, and serum amylase and inflammatory factor levels in the pancreatic tissues from the

acute pancreatitis (AP) mouse model (The scale bars, 50 lM). (a) Control group; (b) AP 0.5 h; (c) AP 2h; (d) AP 6h; (e) Relative pathologic score was significantly higher

by 2 h after disease induction, as compared with the control group (P< 0.05), which gradually decreased by 48 h after disease induction. (f) Serum amylase expression

levels. (g) Serum amylase activity. (h) Interleukin-6 (IL-6). (i) Interleukin-8 (IL-8). (j) Tumor necrosis factor-a (TNF)-a. (k) Interleukin-10 (IL-10) (n¼ 5 per group, *P< 0.05

vs. control group). (A color version of this figure is available in the online journal.)
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and activity in the edematous AP mouse model, and the
expression of serum IL-6 was also influenced by PSD-95
expression. However, there were no changes in the expres-
sion of IL-8 or TNF-a. It was previously shown that early
activation of trypsinogen might lead to localized tissue
damage and the release of damage-associated molecular
patterns (DAPMs).22 This resulted in the recruitment of
neutrophils and initiation of the inflammatory cascade
was caused, which could ultimately lead to the increase
of capillary permeability and damage of endothelium
with microvascular thrombosis, causing MODS.
Cytokines and chemokines were upregulated after the acti-
vation of pro-inflammatory transcription factor nuclear
factor-jB (NF-jB), further amplifying the inflammatory
response and the extent of pancreatic injury.23,24 LPS-
induced neuroinflammation studies have shown that
PSD-95 is negatively related to the inflammatory response
and closely associated with tissue injury.9,10 The relation-
ship between PSD-95 and inflammatory factors needs to be
further explored.

Studies have indicated that p38 MAPK plays an impor-
tant role in regulating inflammatory response,25–27 as it was

an upstream regulator of a variety of inflammatory cyto-
kines, such as TNF-a, IL-1, and IL-6, which in return control
the inflammatory response inside and outside cells.28 There
is a variety of signal transduction pathways involved in the
development of AP inflammatory responses. The p38
MAPK signaling pathway was thought to regulate the
inflammatory response in these signaling molecules.29,30

In a previous study, Cao et al.31 found that the p38 MAPK
signaling pathway regulates the inflammatory response in
AP. In another study, Zhu et al.32 indicated that PAK1 inhi-
bition alleviates CAE-induced AP by inhibiting p38 phos-
phorylation, also p65 transcription, phosphorylation, and
translocation. Our previous studies showed that the Mas
receptor effectively limited the inflammatory response of
AP through the p38 MAPK/NF-jB signaling pathway.20,33

Moreover, we have proved that SB203580, the inhibitor
of p38 MAPK can down-regulate the expression levels of
NF-jB, IL-6, TNF-a, and IL-8.33

In this study, we confirmed that PSD-95 could reduce the
phosphorylation level of p38 MAPK in a cell model of AP.
Similar results were reported in other studies. For example,
Cao et al. 15 indicated that the PSD95-nNOS interaction

Figure 3. PSD-95 expression in APmice and cell models. (a–c) PSD-95 localization in AR42J cell by immunofluorescence (the scale bars, 10 lM). (d) Immunohistology

of PSD-95 in mouse pancreatic tissues (the scale bars, 100 lM); (e) Immunohistology of PSD-95 in tissues adjacent to cancer from pancreatic cancer patient (the scale

bars, 200 lM). (f) Relative expression level of the PSD-95 protein in AR42J cells. (g) Relative expression level of PSD-95 mRNA in AR42J cells. (h) Relative expression

level of PSD-95 protein in the AP mouse model. (i) Relative expression level of PSD-95 mRNA in the AP mouse model (*P< 0.05 vs. control group).
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Figure 4. Effects of the PSD-95 inhibitor, Tat-N-dimer, in the AP mouse model. (a–g) HE staining and pathologic scores of the pancreatic tissues in AP mice after Tat-

N-dimer induction(The scale bars, 50 lM); (a) Control; (b) AP 2 h; (c) AP 6 h; (d) PSD-95 inhibition 2h; (e) PSD-95 inhibition 6 h; (f) Relative pathologic score of each

group after Tat-N-dimer induction reveals that the histopathologic score is significantly higher at 2 h after PSD-95 was inhibited, as compared with the control group.

(g–h) Serum amylase expression and activity were also increased significantly after PSD-95 was inhibited for 2 h; (i) Serum IL-6 expression level was decreased

significantly after PSD-95 was inhibited for 2 and 6 h. (j–k) There were no significantly changes of the expression levels of serum IL-8 and TNF-a after PSD-95 was

inhibited (n¼ 5 per group, *P< 0.05 vs. control group). (A color version of this figure is available in the online journal.)
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Figure 5. Effects of PSD-95 on p38 MAPK and phosphorylation of p38 MAPK. (a) PSD-95, p38 MAPK, and phospho-p38 MAPK (pp38) levels were detected in AR42J,

AR42J-PSD-9D-KD, and negative control cells. (b) Relative expression levels of PSD-95 were significantly decreased in the AR42J-PSD-95-KD group. (c) Relative

expression levels of pp38 were upregulated in the AR42J-PSD-95-KD group, as compared with the control group. (d) Total p38 MAPK expression was unchanged

(*P< 0.05 vs. control group).

Figure 6. SB203580 inhibits Tat-N-dimer-mediated pathological damage and the rise of serum amylase expression and activity. (a) HE staining and pathologic scores

of pancreatic tissues in AP mouse models after Tat-N-dimer and SB203580 induction for 2 h (the scale bars, 50 lM). (b) Relative pathologic scores demonstrate that

SB203580 can effectively reduce the pathological damage caused by Tat-N-dimer in AP. (c–d) Serum amylase expression and activity levels verified our findings (n¼ 5

per group, *P< 0.05 vs. control group). (A color version of this figure is available in the online journal.)
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subsequent NO production is critical for glutamate-
induced p38 MAPK activation in cerebellar granule neu-
rons. In another study, Qu et al. 16 showed that an inhibitor
of nNOS-PSD95 (ZL006) could reduce the phospho-p38-
positive neurons in the motor cortex. Hence, PSD-95 may
regulate AP through the p38 MAPK signaling pathway.
However, the findings of this study have to be seen in
light of some limitations. The results of this study are
based on the model of edematous AP. In consideration of
the difference between edematous AP and necrotizing AP,
this finding may not apply to the models of severe AP.
Moreover, the exact mechanism is still unknown. A recent
study demonstrated that PSD-95 could be combined with
Mas, which would restrain the ubiquitin degradation of
Mas.34 Mas is a receptor for angiotensin (1–7) [Ang-
(1–7)].35 Studies showed that Ang-(1–7), by acting via Mas
receptor, exerts inhibitory effects on inflammation and vas-
cular and cellular growth mechanisms.36,37 We recently
found that Mas was detectable in pancreatic tissues of
mice, and could effectively protect against pancreatic cell
damage.17,20 In addition, Mas could reduce the phospho-
p38 levels in AP, as found in a previous study.33 However, it
is not clear if PSD-95 can affect phospho-p38 levels by react-
ing with Mas in AP. We plan to explore this topic in future
studies.

Conclusions

In summary, we have confirmed that PSD-95 is associated
with edematous AP in vivo and in vitro. We also showed
that PSD-95 could significantly reduce the histopathologi-
cal lesion of edematous AP through the p38 MAPK signal-
ing pathway. We aim to continue exploring how PSD-95
regulates the inflammatory response of AP, along with
the relationship between PSD-95 and p38 MAPK in AP, in
the future. These findings uncover a new target for future
studies that may result in new AP-related treatments in the
future.
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