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the inflammation, viability, and
motility of AP-AR42J cells by activating the Wnt/b-
catenin pathway

Hongtao Yan,a Li Jiang,b Hong Zou,a Tao Chen,a Hongyin Lianga and Lijun Tang *a

Acute pancreatitis (AP), a kind of common acute abdominal disease and typical chemical inflammation, is

commonly caused by pancreatin digestion of the pancreas and surrounding tissues. The gene for

phosphate and tension homology deleted on chromosome ten (PTEN) is a tumor suppressor that

regulates numerous cellular processes. In the present study, we have elaborately investigated the effect

of PTEN on the alleviating of AP and its underlying mechanisms. Firstly, we demonstrated an up-

regulation of PTEN in the pancreatic tissues from AP rats by immunochemistry, qRT-PCR and western-

blot assays. Subsequently, cellular experiments exhibited that PTEN has a significant inhibition effect on

the proliferation, invasion and migration of AP cells. Further underlying mechanism studies showed that

the growth of AP cells was mainly restrained by PTEN in the G1 phase through activation of the Wnt/b-

catenin pathway, which can be demonstrated by the down-regulation of various pro-inflammatory

cytokines such as IL-6, IL-10, TNF and IL-1b. Taking these results together, we can draw the conclusion

that PTEN plays a significant role in suppressing the inflammation, viability and motility of acute

pancreatitis and could be a potential target for AP therapies.
Introduction

Acute pancreatitis (AP), a kind of common acute abdominal
disease, is one of the representative chemical inammations
caused by the pancreatin digestion of the pancreas and
surrounding tissues.1 Generally, AP is composed of two types
including acute edematous pancreatitis (AEP) and acute
hemorrhagic necrotizing pancreatitis (AHNP). The AEP, char-
acterized by pancreatic edema, is more commonly seen than
AHNP and accounts for more than 90% of AP.2 Although the
exact pathogenesis of AP remains ill-dened, the over-activation
of pancreatic enzymes and inammatory pathways activation
have been demonstrated to be the critical regulators of the
pancreas's self-digestion.3 Previous reports have demonstrated
that impaired autophagy, and imbalance of cathepsin expres-
sion are the main causes leading to zymogen activation while
the activation of NFkB easily results in inammation.4 Even
though acute pancreatitis represents the leading cause of
signicant morbidity and mortality, an efficient treatment
strategy is still needed urgently.5

Wnts, together with their downstream effectors, are one of
the most important modulators, which have a remarkable effect
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on the multifarious biological functions of cells such as cell
senescence, death, differentiation, and metastasis.6,7 There are
usually two types of Wnt pathways: the classical b-catenin-
dependent pathway (Wnt/b-catenin pathway) and the non-
classical b-catenin-independent pathway.8 Previous reports
have demonstrated that the Wnt/b-catenin pathway plays
a hostile role in the migration and invasion of multiple carci-
noma cells.9–11 Additionally, studies recently put forward a close
relation of the Wnt signaling pathway and pancreas-related
diseases based on the fact that dysregulation of the Wnt
pathway was found to be related to the specication, prolifer-
ation, differentiation and function of pancreatic organogen-
esis.12 Based on this, regulation of Wnt/b-catenin became
a research hotspot and was supposed to hold great potential in
alleviating acute pancreatitis.12

The phosphatase and tension homolog gene (PTEN),
a namely tumor suppressor gene located on chromosome
10q23.31, has been regarded as one of the most commonly
mutated tumor suppressors.13 Previous studies have reported
that PTEN has a signicant effect on the suppression of the
migration and invasion of various cancer cells.14–17 In contrast,
germline mutations of PTEN or the complete loss of PTEN
protein expression are signicantly associated with autosomal
dominant syndromes, neurological decits and an increased
risk of cancer.13 The underlying mechanism of the PTEN inhi-
bition of cancer mainly lies in the fact that it can regulate
numerous cellular processes such as survival, proliferation,
cellular architecture, and energy metabolism.18
This journal is © The Royal Society of Chemistry 2019
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The regulation of cellular processes by PTEN is realized by
the effects of various signaling pathways in cells.19,20 Among
those, the Wnt/b-catenin pathway represents one the most
important PTEN downstream targets. However, there are very
few studies related to the effect of PTEN on the migration and
invasion of AP cells to date. In the present study, we aimed to
probe the potential effects of PTEN on the migration and
invasion of AP on rat models and human AP acinar cell models.
For animal experiments, the retrograde bile duct injection
method was introduced to establish the AP rat models.21

Meanwhile, AP acinar cell models were built by the caerulein
inducing approach.22 Subsequently, suppressing the effect of
PTEN on the inammation, viability and motility of AP were
elaborately investigated. Besides, the correlation between PTEN
and the Wnt/b-catenin pathway in AP cells were further deter-
mined in our study.

Materials and methods
Ethical approval

Healthy adult male Sprague-Dawley (SD) rats (weighing 350.0–
400.0 g, aged 9–10 weeks) were obtained from the Laboratory
Animal Center of Sichuan province. All animal procedures in
the present study were performed in accordance with the
Guidelines for Care and Use of Laboratory Animals of Sichuan
University and experiments were approved by the Animal Ethics
Committee of West China School of Pharmacy.

Establishment of the AP animal model

The AP rat models were established using a previous method
with a slight modication.21 In brief, the rats were abdomi-
nally anesthetized by 10% chloral hydrate (XiLong Scientic,
Shenzhen, Guangdong, China). Aer the rats were immobi-
lized by a xed device, a slit was incised in the middle of
abdomen to expose the duodenum and pancreaticobiliary
duct. Subsequently, the pancreatic duct near the porta hepatis
was clamped using a non-invasive vessel clamp, followed by
a retrograde puncture through the duodenal and duodenal
papillary by a scalp needle with a diameter of 0.45 mm. For the
induction of acute pancreatitis, 0.20%, 0.35%, and 0.50%
synthetic caerulein (0.1 mL/100 g; XiLong Scientic) was
respectively injected into the pancreaticobiliary duct, at
a constant rate of 0.1 mL min�1. Rats injected with saline
alone were used as the control.

Cell model, genes, and plasmids

Human pancreatic acinar AR42J cell lines were obtained from
the Cell Bank of Chinese Academy of Sciences and incubated in
Ham's F-12K medium (F-12K; Gibco, Carlsbad, CA, USA) sup-
plemented with 10% fetal bovine serum (FBS, Gibco), 100 U
mL�1 penicillin, and 0.1 mg mL�1 streptomycin. To obtain the
AP cell models, AR42J cells were seeded in 6-well plates at
a density of 1 � 107 cells per mL. Twenty-four hours later, 10
nmol L�1 caerulein was added into each well and incubated
with cells for another 24 h. Finally, the obtained AP cells (AP-
AR42J) were transfected with various genes including
This journal is © The Royal Society of Chemistry 2019
scramble-shRNA, PTEN, PTEN shRNA, and pCDH empty vector
(Invitrogen, Carlsbad, CA, USA).

Grouping

For the animal experiments, thirty-two rats were randomly
grouped (n ¼ 8) and treated as follows: (1) control group: rats
injected with saline alone; (2) 0.20% ST group: rats injected with
0.20% sodium taurocholate solution; (3) 0.35% ST group: rats
administrated with 0.35% sodium taurocholate solution; (4)
0.50% ST group: rats treated by 0.50% sodium taurocholate
solution. For the cell experiments, the AR42J cells were induced
with caerulein followed by grouping as follows: (1) scramble-
shRNA group: AP-AR42J cells transfected with scramble-
shRNA; (2) PTEN-shRNA group: AP-AR42J cells transfected
with PTEN-shRNA; (3) pCDH group: AP-AR42J cells transfected
with pCDH; (4) PTEN overexpression group: AP-AR42J cells
transfected with PTEN.

Immunohistochemistry

All the rats in each group were sacriced and the pancreas
tissues of the AP rats and the control ones were collected. For
the tissue xation, the obtained pancreas tissues were
immersed in 4% paraformaldehyde for 12 h followed by dehy-
dration using 30% sucrose solution. Then slices of the pancreas
tissues (14 mm) were prepared and co-incubated with primary
antibodies against PTEN (dilution, 1 : 50; Abcam, ab170941;
rabbit anti-rat) overnight. Subsequently, horseradish
peroxidase-conjugated goat anti-rabbit IgGs (dilution, 1 : 1000;
Abcam, ab150077) was introduced and incubated with the slices
for 1 h. Finally, the slices were treated with diaminobenzidine
(DAB, Sigma-Aldrich, St. Louis, MO, USA) before determination
under a microscope (OLYMPUS, Tokyo, Japan).

Cell viability analysis

To evaluate the anti-proliferation ability of PTEN on AP-AR42J
cells, a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT; AMERCO, USA) assay was performed. Briey,
cells in the logarithmic phase were seeded in each well of the 96-
well plates at a density of 6 � 103 cells. Aer incubation for
different times (24, 48, or 72 h), 10 mL of MTT (5 mg mL�1) was
added and incubated with cells for 4 h to form the formazan.
Thereaer, 150 mL of dimethyl sulfoxide (DMSO; XiLong
Scientic) was supplemented and further incubation for 10 min
was allowed. Finally, the absorbance was detected at 490 nm
wavelength using a microplate reader (BIO-RAD, California,
USA) and the cell viability and inhibition rate were evaluated by
calculating the percentage of cell survival compared with the
control.

Cell cycle analysis

AP-AR42J cells were seeded in 6-well plates at a density of 1 �
107 cells per well and allowed to grow for 24 h. Then 1mL of pre-
cooling ethanol (70%) was added and incubated with cells at
4 �C. Aer overnight incubation, 500 mL of PBS containing PI (50
mg mL�1), RNase A (100 mg mL�1), or Triton X-100 (0.2%) were
RSC Adv., 2019, 9, 5460–5469 | 5461
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added, respectively. Aer 30 min of incubation under dark
conditions, the cell cycles were measured via the help of ow
cytometry (BD Biosciences, San Diego, CA, USA).
Wound-healing assay

To investigate the wound-healing ability of the AP-AR42J cells,
various gene transfected cells were seeded in 24-well plates,
respectively, at a density of 1 � 105 cells per mL. Aer the cells
had grown to 100% of conuence, horizontal lines were drawn
at the bottom of each well using a 10 mL pipette tip. Subse-
quently, all of the cells were washed three times by Hanks
solution (Gibco) to remove the unattached cells and supple-
mented with fresh serum-free medium (Gibco). Then qualita-
tive images were taken by an optical microscope at 0, 24, and
48 h, respectively.
Transwell assay

Given the signicant role of the transwell assay in providing
a relatively simple in vitro approach to evaluate cell invasion, we
therefore applied such a method to investigate the invasion
ability of the AP-AR-42J cells. The cells (5 � 105) pre-transfected
with various genes were located on the upper chamber, which
we pre-coated with Matrigel (BD Bioscience), while the lower
ones were lled only with F-12K medium containing 10% FBS.
Aer 24 h of incubation, cells migrated from the upper chamber
to the lower ones and were xed by 4% paraformaldehyde and
stained with 0.5% crystal violet (Solarbio, Beijing, China).
Meanwhile, the non-migrated cells were discarded along with
the upper chamber without any further processing. Finally, the
Fig. 1 Detection of PTEN in the pancreatic tissue sections after the AP rat
100 g) supplemented with 0.20%, 0.35%, and 0.50% sodium taurocholat
tochemical analysis of the pancreatic tissues displayed by qualitative im
a western-blot (D) assay were performed, respectively, to evaluate the
models. All the experiments were conducted repeatedly three times. *P
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crystal violets in cells were subjected to qualitative and quan-
titative statistics under a microscope.
Western-blot analysis

Aer segregation by 12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE), the protein lysates
of the tissue samples or the cultured cells were transferred to
a PVDF membrane (Millipore, Billerica, MA, USA). Then the
membrane, which was transferred with various proteins, was
allowed to interact with different primary anti-bodies, including
anti-PTEN, -Wnt3a, -b-catenin, -TCF-4, -c-Myc, -cyclin D1, and
-b-actin. Aer overnight incubation, horseradish peroxidase
conjugated secondary antibodies (dilution, 1 : 5000, Abcam,
ab205718, goat antirabbit) were applied and incubated with the
membranes under room temperature for 1 h. Finally, the results
were observed using an ECL system (Amersham Pharmacia,
Piscataway, NJ, USA).
Real-time reverse transcription PCR (qRT-PCR) analysis

The total RNA was extracted from the tissue samples or cultured
cells by the TRIzol reagent (Thermo Fisher, New York, USA) fol-
lowed by reverse transcribing to cDNA using the Reverse Tran-
scription Kit (Sigma, Munich, Germany). Aer amplication, the
comparative Ct (threshold cycle) method with arithmetic
formulae (2�DDCt) was applied to determine the relative quanti-
tation of gene expression. PCR cycles were as follows: pretreat-
ment for 10 min at 95 �C, 96 �C for 15 s, 64 �C for 45 s (45 cycles),
96 �C for 15 s, 64 �C for 1 min, 95 �C for 15 s, a nal extension at
75 �C for 10 min and held at 4 �C. The primer sequences used in
s were established by retrograde bile duct injection with saline (0.1 mL/
e solution (0.1 mL/100 g; XiLong Scientific), respectively. Immunohis-
ages (A) and quantitative results (B). Furthermore, qRT-PCR (C), and
expression levels of PTEN in the pancreatic tissue samples of AP rat
< 0.05 and **P < 0.01 versus control.

This journal is © The Royal Society of Chemistry 2019
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the present study were as follows: PTEN (238 bp for rat and 232
bp for human) forward, ACCCACCACAGCTAGAACTT and
reverse, CGCCTCTGACTGGGAATAGT; Wnt3a (245 bp) forward,
TGTTGGGCCACAGTATTCCT and reverse, ACTCC
CTGGTAGCTTTGTCC; b-catenin (177 bp) forward, GGAGGA-
GATGTACATTCAGCAGA and reverse, GCCATCACCACGTCCT
CT; TCF-4 (249 bp) forward, ATCCTTCCTCCAAACCAGCA and
reverse, GGAAAGTGGACATCGGAGGA; c-Myc (217 bp) forward,
ATTCTCTGCTCTCCTCGACG and reverse, CTGTGAGGAGGTTT
GCTGTG; cyclin D1 (219 bp) forward, CCCTCGGTGTCCTACTT-
CAA and reverse, CTTAGAGGCCACGAACATGC; b-actin (rat, 247
bp) forward, GGCATCCTGACCCTGAAGTA and reverse, AGGCA-
TACAGGGACAACACA; b-actin (human, 194 bp) forward, GTTA-
CAGGAAGTCCCTCACCC and reverse, CAGACCTGGGCCAT
TCAGAAA. The b-actin was used as the control.
Statistical analysis

All the measurement data were presented as mean � SD and
analyzed by the Kruskal-Wallis and Tukey's test using SPSS 15.0
Fig. 2 Interference and overexpression of PTEN in caerulein-induced AR
fluorescent dye labeled scramble-shRNA, PTEN-shRNA, pCDH, and P
fluorescencemicroscope displayed that the PTEN-shRNA treated cells ex
(B) and western-blot experiments (C) further confirming the highest lev
PTEN-shRNA. The assays mentioned here were repeatedly performed at l
< 0.01 versus pCDH.

This journal is © The Royal Society of Chemistry 2019
soware (SPSS, Chicago, IL, USA). The comparisons among the
multiple groups were conducted by the one-way analysis of
variance (ANOVA), while the comparisons between the two
groups with variance homogeneity were analyzed by means of
a t-test. All the experiments were conducted repeatedly three
times. P < 0.05 was considered as a statistical signicance.
Results
PTEN expression was up-regulated in pancreatic tissues from
AP rats

The expression of PTEN in pancreatic tissues was veried by the
immunohistochemistry, qRT-PCR assay and western-blot
experiments. Fig. 1A and B demonstrate that the levels of
PTEN in the pancreatic tissues of AP rats were obviously higher
than that of normal rats. Moreover, expression of PTEN in AP
rats displayed a dose-dependent manner since increasing the
dosage of the sodium taurocholate solution (ST) led to an
elevation of PTEN levels. Such results were further conrmed by
42J cells after the caerulein-induced AR42J cells were transfected with
TEN RNA, respectively. (A) Green fluorescence observed under the
hibited the strongest signal. The bar represents 200 mm. qRT-PCR assay
els of PTEN in the AP cells could be significantly down-regulated by
east three times. ^^P < 0.01 versus scramble-shRNA; *P < 0.05 and **P

RSC Adv., 2019, 9, 5460–5469 | 5463
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the qRT-PCR assay. As shown in Fig. 1C, the levels of PTEN in AP
rats were nearly 1.6 (0.20% ST group), 2.4 (0.35% ST group), and
3.2 (0.50% ST group) fold of that in normal rats. In addition,
qualitative and quantitative analysis of the western-blot exper-
iments indicated a similar trend of PTEN expression to the
qRTPCR results (Fig. 1D). These results together suggest that
the expression of PTEN was exactly up-regulated in the
pancreatic tissues of AP model rats and displayed a ST dose-
dependent manner.
Interference and overexpression of PTEN in caerulein-induced
AR42J cells

To evaluate the knockdown efficiency aer gene transfection, all
the scramble-shRNA, PTEN, PTEN shRNA, and pCDH empty
vectors were labeled with FITC for visualization. Then the green
uorescent signal can be determined under a uorescence
microscope. As shown in Fig. 2A, AP-AR42J cells transfected
with PTEN displayed the weakest uorescent intensity, while
cells treated by PTEN-shRNA showed the strongest uorescent
signal. For the scramble-shRNA and pCDH treated cells, no
signicant differences were observed between the two groups.
We speculated that these results were mainly due to the high
levels of PTEN in the AP-AR42J cells, which could specically
bind to scramble-shRNA while not other genes. For verication,
qRT-PCR experiments and western-blot assays were further
conducted. As shown in Fig. 2B and C, the expression level of
Fig. 3 Evaluation of the effect on AP cell growth inhibition and the
respectively. (A) Results of the MTT assay showed that the AP-AR42J cells
overexpression of PTEN could inhibit the proliferation of AP-AR42J cells.
AP-AR42J cells. (C) Cell cycles of AP-AR42J cells post transfected with
PTEN RNA) confirmed that PTEN inhibited the growth of APAR42J cells
repeated three times. *P < 0.05 versus pCDH.
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PTEN in AP-AR42J cells transfected with PTEN-shRNA was
remarkably reduced with a knockdown efficiency of about 70%.
However, such gene expression in the cells treated by PTEN was
signicantly elevated while a similar level of PTEN was observed
between the scramble-shRNA and pCDH.
Overexpression of PTEN inhibited the cell viability of
caerulein-induced AR42J cells

Proliferation of AP-AR42J cells with or without the treatment of
PTEN was evaluated by the MTT assay. As shown in Fig. 3A, AP-
AR42J cells transfected with PTEN-shRNA displayed the highest
cell viability compared with others at any time points. In
contrast, aer the AP-AR42J cells were transfected with PTEN,
the cell viability was signicantly decreased, indicating that
overexpression of PTEN could inhibit the proliferation of AP-
AR42J cells.
The cell cycle of caerulein-induced AR42J cells was blocked by
PTEN overexpression in the G1 phase

In order to investigate the mechanism of PTFN-induced anti-
proliferation of APAR42J cells, the cell cycle assay was subse-
quently determined. As clearly demonstrated in Fig. 3B and C,
the percentage of cell number in the G1 phase of APAR42J cells
transfected with scramble-shRNA and pCDH were 52.4% and
50.2%, respectively. Simultaneously, for the S phase of cells, the
proportion was 35.5% for scramble-shRNA and 37.4% for
underlying mechanisms by MTT assay and cell cycle determination,
transfected with PTEN displayed the lowest cell viability, indicating that
(B) Quantitative analysis of the ability of PTEN inhibited proliferation of
various genes (including scramble-shRNA, PTEN-shRNA, pCDH, and

mainly by blocking the G1 phase of cells. The experiments above were

This journal is © The Royal Society of Chemistry 2019
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pCDH. Aer transfecting with PTEN, the percentage of cell
number in the G1 phase and S phase was increased to 65.5%
and down-regulated to 18.0%, respectively. However, in contrast
to the cells treated by PTEN, cells incubated with PTEN-shRNA
displayed that the cell number in the G1 phase and S phase of
AP-AR42J cells were reduced to 49.8% and elevated to 37.5%,
respectively. Taking these results together, we can draw the
conclusion that PTEN inhibited the growth of AP-AR42J cells
mainly by blocking the G1 phase of cells.
Overexpression of PTEN suppressed the migration and
invasion of caerulein-induced AR42J cells

To evaluate the effect of PTEN on suppressing the migration
and invasion of AP-AR42J cells, a wound-healing assay was rst
performed. Fig. 4A and B demonstrated that cells treated by
PTEN-shRNA exhibited the strongest migration capacity
compared with other groups. The scramble-shRNA and pCDH
transfected cells displayed similar migration behavior and were
evidently higher than the PTEN-induced cells, suggesting the
incompetent wound-healing of AP-AR42J cells transfected by
PTEN. Subsequently, transwell experiments were performed. As
demonstrated in Fig. 4C and D, the cells subjected to PTEN gene
knockout showed the greatest invasion ability since they
Fig. 4 The effect of PTEN on the suppression of themigration and invasio
and transwell assays post transfecting the cells with various genes. (A) B
petent wound-healing of AP-AR42J cells transfected by PTENwhile the c
Semi-quantitative analysis (B) further confirmed these results. The invasio
D) showed that the area of crystal violet induced by cell invasionwas signi
reference genes: scramble-shRNA and pCDH. Experiments above were

This journal is © The Royal Society of Chemistry 2019
displayed the most amount of crystal violet compared with the
others. However, the area of crystal violet induced by the cell
invasion was signicantly decreased by treating with PTEN
compared with that treated by reference genes: scramble-shRNA
and pCDH.
Overexpression of PTEN affected the Wnt/b-catenin pathway

To verify whether the PTEN disabled the migration and inva-
sion of AP-AR42J cells through affecting the Wnt/b-catenin
pathway, the qRT-PCR assay was carried out. As shown in
Fig. 5A, the genes of the Wnt/b-catenin pathway including
Wnt3a, b-catenin, tTCF-4, c-Myc, and cyclin D1 displayed the
lowest levels in the cells transfected with PTEN-shRNA, indi-
cating that the Wnt/b-catenin pathway was remarkably sup-
pressed. However, the expressions of those genes in the AP-
AR42J cells could be signicantly elevated by treatment with
PTEN. These results were further conrmed by the western-
blot experiments. As shown in Fig. 5B, the expression of
marker genes of the Wnt/b-catenin pathway in the AP-AR42J
cells was dramatically up-regulated by transfection with
PTEN compared with that treated by scramble-shRNA or
pCDH. In contrast, these genes in cells transfected by PTEN
shRNA exhibited the lowest level as demonstrated by the
n of caerulein-induced AR42J cells was determined by wound-healing
right field images of AP-AR42J cells are exhibited, suggesting incom-
ells treated by PTEN-shRNA exhibited the strongest migration capacity.
n ability of AP-AR42J cells examined by the transwell experiment (C and
ficantly decreased by treating with PTEN compared with that treated by
repeated three times. *P < 0.05 versus pCDH.

RSC Adv., 2019, 9, 5460–5469 | 5465



Fig. 5 The effect of PTEN on alleviating AP inflammation was proved by detection of downstream genes of the Wnt/b-catenin pathway,
including Wnt3a, b-catenin, TCF-4, cMyc, and cyclin D1. (A) qRT-PCR and western-blot assay (B) exhibited that the cells treated by PTEN dis-
played significant lower levels of inflammatory factors compared with the scramble-shRNA group and pCDH treated ones. However, after the
PTEN genes in the AP model cells were knocked down by the corresponding shRNA, the expression levels of IL-6, IL-10, TNF and IL-1b were
remarkably elevated. Importantly, all the experiments were conducted repeatedly three times. *P < 0.05 and **P < 0.01 versus pCDH.
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qualitative and quantitative results. These results together
suggest that overexpression of PTEN could signally activate the
Wnt/b-catenin pathway.
Down regulation of inammatory factors by PTEN

To investigate the effect of PTEN on alleviating acute pancrea-
titis induced inammation, inammatory factors including IL-
6, IL-10, TNF and IL-1b were determined by western-blot assay.
As clearly illustrated in Fig. 6A and B, the cells treated by PTEN
displayed signicantly lower levels of inammatory factors
compared with the scramble-shRNA group and pCDH treated
ones. However, aer the PTEN genes in the AP model cells were
knocked down by the corresponding shRNA, the expression
levels of IL-6, IL-10, TNF and IL-1b were remarkably elevated.
Taking these results together, we can draw the conclusion that
over expression of PTEN can obviously restrain the inamma-
tion of acute pancreatitis.
5466 | RSC Adv., 2019, 9, 5460–5469
Discussion

Acute pancreatitis, one of the commonly diagnosed clinical
diseases, has a high incidence and rapid development and
progression.1,2Not only limited to pancreas inammation, there
is accumulating evidence demonstrating that the symptoms of
AP also include hypotension, insufficient organ perfusion, adult
respiratory distress syndrome and multiple organ dysfunction
syndrome.23 PTEN is generally considered as a tumor
suppressor and insufficient expression of PTEN is closely
correlated with the occurrence and progress of multiple
cancers.24–26 Although high levels of PTEN can result in
a decreasing lifetime risk of pancreatic cancer,27–29 the effect
and the underlying mechanisms of PTEN on AP remain elusive.

PI3K/AKT signal, the classical PTEN downstream targets, is
essential for maintaining cell growth, survival, death and
metabolism of many cancer types.30 Previous studies have
demonstrated that PTEN holds great potential in negatively
regulating the activation of the PI3K/AKT signaling pathway and
This journal is © The Royal Society of Chemistry 2019



Fig. 6 To evaluate the effect of PTEN on alleviating acute pancreatitis induced inflammation, the levels of the inflammatory factors including IL-
6, IL-10, TNF and IL-1bwere further determined. The western-blot assay (A) exhibited that cells treated by PTEN displayed significant lower levels
of those factors compared with the control group, suggesting that over expression of PTEN can obviously restrain the inflammation of acute
pancreatitis. Such results were further confirmed by the quantitative analysis (B). Importantly, the experiments were conducted repeatedly three
times with ***P < 0.01 being significantly higher than the control.

Paper RSC Advances
consequently exerting an inhibitory effect against tumors or
alleviating inammation.31 However, in the present study, we
speculate that the PI3K/AKT signal pathway is not the only
pathway that can be regulated by PTEN and leads to alleviation
of disease. The Wnt/b-catenin signaling pathway has been
recently recognized to be one of the most important pathways
that can cause signicant adverse effect on maintaining body
functions once it is dysregulated.32 Additionally, the role of the
Wnt/b-catenin pathway in regulating pancreatic biology, espe-
cially pancreatitis, has been illustrated and has attracted much
attention.20,33 Interestingly, in the present study, the Wnt/b-
catenin pathway can be signicantly activated by PTEN, as
demonstrated by the up-regulation of Wnt3a, b-catenin, TCF4,
c-Myc and cyclin D1 in caerulein-induced AR42J cells and
pancreatic tissues of rats. By activation of the Wnt/b-catenin
signal, acute pancreatitis was signicantly alleviated, as is
evident by the down-regulated inammatory factors including
IL-6/10, TNF, and IL-1b.

A high-dose of caerulein, the isozymes of cholecystokinin
(CKK) and the regulator of pancreatic secretion, have been
demonstrated to inhibit the formation of dense mature vacuoles
in acinar cells.33 However, the disruption of vacuoles can lead to
abnormalities in the levels of digestive enzymes and lysosomal
hydrolases, which are essential in the activation of intracellular
cathepsin B and trypsin.34 Importantly, cathepsin B and trypsin
are the main causes of the self-digestion of the pancreas.34 In this
case, we applied caerulein as the inducer to build the ratmodel of
acute pancreatitis. To ensure that the developed rat model and
cell model of acute pancreatitis possess consistent pathogenesis
and pathophysiologies, the cell model of acute pancreatitis has
been developed by the same inducer as the animal models. An
obvious signal of PTEN was observed in the tissues of AP models
but was not detectable in the normal ones, conrming the
successful establishment of AP rats.

As reported previously, PTEN can serve as a crucialmodulator of
the migration and invasion of various cancer cell types.35 However,
This journal is © The Royal Society of Chemistry 2019
the impact of PTEN on the migration and invasion of AP cells is
still unclear. Wound-healing experiments performed here dis-
played that the cells treated by PTEN have the widest gap and the
minimum crystal violet compared with others. In contrast, aer
transfection with PTEN-shRNA, migration and invasion ability was
immediately recovered while the control genes scramble-shRNA
and pCDH have no effect. Transwell assays were further conduct-
ed and cells incubatedwith PTEN-shRNA showed themost amount
of crystal violet, indicating an active invasion was obtained by the
PTEN-unrestrained AP cells. However, such behavior was signi-
cantly depressed aer incubating the cells with sufficient PTEN.

Although there is direct evidence of PTEN suppressing the
growth, migration, and invasion of AP cells, the underlying
mechanisms are still unclear. It is widely accepted that the Wnt/
b-catenin pathway activation has a signicant inhibition effect
on the migration and invasion of various cancer cells.36–38 Based
on this, the correlations between the Wnt/b-catenin pathway
and the migration and invasion of AP cells are required to be
investigated in detail. Interestingly, the cells treated by PTEN
and displaying incompetent wound-healing ability were highly
positive to the downstream genes of Wnt/b-catenin pathway
including Wnt3a, b-catenin, TCF-4, cMyc, and cyclin D1.
However, silencing PTEN genes with the corresponding shRNA
led to the strongest capacity of migration and invasion of AP
cells and decreased levels of the genes mentioned above.
Collectively, we can draw the conclusion that the migration and
invasion of acute pancreatitis was suppressed by PTEN through
activating the Wnt/b-catenin pathway.

As the role and mechanism of PTEN in suppressing AP cells
growth, migration, and invasion has been thoroughly analyzed,
PTEN was therefore supposed to hold great potential in allevi-
ating AP inammation. For verication, appropriate detection
indexes are crucial. TNF, the most important inammatory
mediator, increases the permeability of vascular endothelial cells
by activation of neutrophils and lymphocytes, regulates the
metabolic activity of organs and promotes the synthesis and
RSC Adv., 2019, 9, 5460–5469 | 5467
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release of other cytokines.39 In addition, other inammatory
factors such as IL-6, IL-10 and IL-1b are closely related to histri-
onic necrosis, blood ow congestion and multi-organ dysfunc-
tion.40,41 As demonstrated, high levels of the above inammatory
factors in AP model cells could be signicantly decreased by
treating with PTEN. In contrast, with post transfection with
PTEN-shRNA, an obvious up-regulated expression of IL-6, IL-10,
TNF and IL-1b was detectable. Based on these, the PTEN could
be conrmed to be an efficient alleviator for the inammation of
acute pancreatitis.

In conclusion, the results of the present study demon-
strate the excellent restraining effect of PTEN on the inam-
mation, viability and motility of acute pancreatitis. Through
activating the Wnt/b-catenin pathway, the expression of PTEN
regulates the levels of Wnt3a, b-catenin, TCF-4, c-Myc, and
cyclin D1 to inhibit the viability and motility of AP cells.
Besides, the effect of PTEN on the alleviation of inammation
was achieved by down-regulation of relevant cytokines
including IL-6, IL-10, TNF and IL-1b. Taken together, the
present work has indicated the great potential of PTEN in the
treatment of acute pancreatitis. Furthermore, although
chronic pancreatitis was not studied here, previous studies
have demonstrated that the PTEN expression in acute
pancreatitis d and chronic pancreatitis was uniformly
intact,42 suggesting that PTEN also holds great potential in
the treatment of chronic pancreatitis.

Conflicts of interest

The authors declare no competing nancial interests.

Abbreviations
AP
5468 | RS
Acute pancreatitis

PTEN
 Phosphate and tension homology deleted on

chromosome ten

SD
 Sprague-Dawley

ELISA
 Enzyme-linked immune sorbent

qRT-
PCR
Real-time reverse transcription PCR
IL
 Interleukin

TNF
 Tumor necrosis factor
Acknowledgements

The present research is supported by the subject of Chengdu
Military Twelh Years Plan (No. 4173115Y). This study was
supported by the Medical Science and Technology Research
Project of Chengdu Military Region (No. 4173115Y).

References

1 S. J. Pandol, A. K. Saluja, C. W. Imrie and P. A. Banks, Acute
pancreatitis: bench to the bedside, Gastroenterology, 2007,
132, 1127–1151.
C Adv., 2019, 9, 5460–5469
2 J. Granger and D. Remick, Acute pancreatitis: models,
markers, and mediators, Shock, 2005, 24, 45–51.

3 R. P. Sah, P. Garg and A. K. Saluja, New insights into the
pathogenesis of pancreatitis, Curr. Opin. Gastroenterol.,
2013, 28, 523–530.

4 R. P. Sah, P. Garg and A. K. Saluja, Pathogenic mechanisms
of acute pancreatitis, Curr. Opin. Gastroenterol., 2013, 28,
507–515.

5 D. Yadav and A. B. Lowenfels, The epidemiology of
pancreatitis and pancreatic cancer, Gastroenterology, 2013,
144, 1252–1261.

6 M. Kahn, Can we safely target the WNT pathway?, Nat. Rev.
Drug Discovery, 2014, 13, 513–532.

7 A. J. Chien, W. H. Conrad and R. T. Moon, A Wnt survival
guide: from ies to human disease, J. Invest. Dermatol.,
2009, 129, 1614–1627.

8 R. G. James, W. H. Conrad and R. T. Moon, Beta-catenin-
independent Wnt pathways: signals, core proteins, and
effectors, Methods Mol. Biol., 2008, 468, 131–144.

9 B. H. Hoang, T. Kubo, J. H. Healey, R. Yang, S. S. Nathan,
E. A. Kolb, B. Mazza, P. A. Meyers and R. Gorlick, Dickkopf
3 inhibits invasion and motility of Saos-2 osteosarcoma
cells by modulating the Wnt-beta-catenin pathway, Cancer
Res., 2004, 64, 2734–2739.

10 S. Iwai, A. Yonekawa, C. Harada C, M. Hamada, W. Katagiri,
M. Nakazawa and Y. Yura, Involvement of the Wnt-beta-
catenin pathway in invasion and migration of oral
squamous carcinoma cells, Int. J. Oncol., 2010, 37, 1095–
1103.

11 Q. Ji, X. Liu, X. Fu, L. Zhang, H. Sui, L. Zhou, J. Sun, J. Cai,
J. Qin, J. Ren and Q. Li, Resveratrol inhibits invasion and
metastasis of colorectal cancer cells via MALAT1 mediated
Wnt/beta-catenin signal pathway, PLoS One, 2013, 8, e78700.

12 L. C. Murtaugh, The what, where, when and how of Wnt/
beta-catenin signaling in pancreas development,
Organogenesis, 2008, 4, 81–86.

13 X. Wang, H. Huang and K. H. Young, The PTEN tumor
suppressor gene and its role in lymphoma pathogenesis,
Aging, 2015, 7, 1032–1049.

14 T. Tian, K. J Nan, H. Guo, W. J. Wang, Z. P. Ruan, S. H. Wang,
X. Liang and C. X. Lu, PTEN inhibits the migration and
invasion of HepG2 cells by coordinately decreasing MMP
expression via the PI3K/Akt pathway, Oncol. Rep., 2010, 23,
1593–1600.

15 W. Wu, J. Yang, X. Feng, H. Wang, S. Ye, P. Yang, W. Tan,
G. Wei and Y. Zhou, MicroRNA-32 (miR-32) regulates
phosphatase and tensin homologue (PTEN) expression and
promotes growth, migration, and invasion in colorectal
carcinoma cells, Mol. Cancer, 2013, 12, 30.

16 T. S. Yang, X. H. Yang, X. D. Wang, Y. L. Wang, B. Zhou and
Z. S. Song, MiR-214 regulate gastric cancer cell proliferation,
migration and invasion by targeting PTEN, Cancer Cell Int.,
2013, 13, 68.

17 L. Y. Zhang, V. Ho-Fun Lee, A. M. Wong, D. L. Kwong,
Y. H. Zhu, S. S. Dong, K. L. Kong, J. Chen, S. W. Tsao,
X. Y. Guan and L. Fu, MicroRNA-144 promotes cell
proliferation, migration and invasion in nasopharyngeal
This journal is © The Royal Society of Chemistry 2019



Paper RSC Advances
carcinoma through repression of PTEN, Carcinogenesis,
2013, 34, 454–463.

18 M. S. Song, L. Salmena and P. P. Pandol, The functions and
regulation of the PTEN tumour suppressor, Nat. Rev. Mol.
Cell Biol., 2012, 13, 283–296.

19 J. Ma, X. Guo, J. Zhang, D. Wu, X. Hu, J. Li, Q. Lan, Y. Liu and
W. Dong, PTEN Gene Induces Cell Invasion and Migration
via Regulating AKT/GSK-3b/b-Catenin Signaling Pathway in
Human Gastric Cancer, Dig. Dis. Sci., 2017, 62, 3415–3425.

20 Z. Song, X. Han, L. Shen, H. Zou, B. Zhang, J. Liu and
A. Gong, PTEN silencing enhances neuronal proliferation
and differentiation by activating PI3K/Akt/GSK3b pathway
in vitro, Exp. Cell Res., 2018, 363, 179–187.

21 M. M. Lerch and F. S. Gorelick, Models of acute and chronic
pancreatitis, Gastroenterology, 2013, 144, 1180–1193.

22 M. Lampel and H. F. Kern, Acute interstitial pancreatitis in
the rat induced by excessive doses of a pancreatic
secretagogue, Virchows Arch. A: Pathol. Anat. Histol., 1977,
373, 97–117.

23 P. G. Wilson, M. Manji and J. P. Neoptolemos, Acute
pancreatitis as a model of sepsis, J. Antimicrob. Chemother.,
1998, 41, 51–63.

24 K. Eto, M. Iwatsuki, M. Watanabe, S. Ida, T. Ishimoto,
S. Iwagami, Y. Baba, Y. Sakamoto, Y. Miyamoto,
N. Yoshida and H. Baba, The microRNA-21/PTEN pathway
regulates the sensitivity of HER2-positive gastric cancer
cells to trastuzumab, Ann. Surg. Oncol., 2014, 21, 343–350.

25 H. P. Yang, A. Meeker, R. Guido, M. J. Gunter, G. S. Huang,
P. Luhn, L. d'Ambrosio, N. Wentzensen and M. E. Sherman,
PTEN expression in benign human endometrial tissue and
cancer in relation to endometrial cancer risk factors,
Cancer Causes Control, 2015, 26, 1729–1736.

26 G. Zhang, H. Zhou, H. Xiao, Z. Liu, H. Tian and T. Zhou,
MicroRNA-92a functions as an oncogene in colorectal
cancer by targeting PTEN, Dig. Dis. Sci., 2014, 59, 98–107.

27 S. Uemura, H. Matsubayashi, Y. Kiyozumi, K. Uesaka,
Y. Yamamoto, K. Sasaki, M. Abe, K. Urakami, M. Kusuhara
and K. Yamaguchi, Pancreatic adenocarcinoma with
a germline PTEN p.Arg234Gln mutation, Fam. Cancer,
2018, 17, 255–259.

28 L. Wang, C. T. Luk, E. P. Cai, S. A. Schroer, E. M. Allister,
S. Y. Shi, M. B. Wheeler, H. Y. Gaisano and M. Woo, PTEN
deletion in pancreatic alpha-cells protects against high-fat
diet-induced hyperglucagonemia and insulin resistance,
Diabetes, 2015, 64, 147–157.

29 M. Wartenberg, I. Centeno, S. Haemmig, E. Vassella,
I. Zlobec, J. A. Galván, M. Neuenschwander, C. Schlup,
B. Gloor, A. Lugli, A. Perren and E. Karamitopoulou, PTEN
alterations of the stromal cells characterise an aggressive
subpopulation of pancreatic cancer with enhanced
metastatic potential, Eur. J. Cancer, 2016, 65, 80–90.

30 S. Matsuda, Y. Nakagawa, Y. Kitagishi, A. Nakanishi and
T. Murai, Reactive Oxygen Species, Superoxide Dimutases,
and PTEN-p53-AKT-MDM2 Signaling Loop Network in
Mesenchymal Stem/Stromal Cells Regulation, Cells, 2018,
7, E36.
This journal is © The Royal Society of Chemistry 2019
31 C. Yu, B. Zhang, Y. L. Li and X. R. Yu, SIX1 reduces the
expression of PTEN via activating PI3K/AKT signal to
promote cell proliferation and tumorigenesis in
osteosarcoma, Biomed. Pharmacother., 2018, 105, 10–17.

32 H. Egawa, K. Jingushi, T. Hirono, Y. Ueda, K. Kitae,
W. Nakata, K. Fujita, M. Uemura, N. Nonomura and
K. Tsujikawa, The miR-130 family promotes cell migration
and invasion in bladder cancer through FAK and Akt
phosphorylation by regulating PTEN, Sci. Rep., 2016, 6,
20574.

33 O. Watanabe, E. M. Baccino, M. L. Steer and J. Meldolesi,
Supramaximal caerulein stimulation and ultrastructure of
rat pancreatic acinar cell: early morphological changes
during development of experimental pancreatitis, Am. J.
Physiol., 1984, 246, G457–G467.

34 A. Saluja, I. Saito, M. Saluja, M. J. Houlihan, R. E. Powers,
J. Meldolesi and M. Steer, In vivo rat pancreatic acinar cell
function during supramaximal stimulation with caerulein,
Am. J. Physiol., 1985, 249, G702–G710.

35 K. M. Yamada and M. Araki, Tumor suppressor PTEN:
modulator of cell signaling, growth, migration and
apoptosis, J. Cell Sci., 2001, 114, 2375–2382.

36 Y. Lu, C. Wei and Z. Xi, Curcumin suppresses proliferation
and invasion in nonsmall cell lung cancer by modulation
of MTA1-mediated Wnt/beta-catenin pathway, In Vitro Cell.
Dev. Biol.: Anim., 2014, 50, 840–850.

37 U. Sack, W. Walther, D. Scudiero, M. Selby, J. Aumann,
C. Lemos, I. Fichtner, P. M. Schlag, R. H. Shoemaker and
U. Stein, S100A4-induced cell motility and metastasis is
restricted by the Wnt/beta-catenin pathway inhibitor
calcimycin in colon cancer cells, Mol. Biol. Cell, 2011, 22,
3344–3354.

38 N. Yang, L. Hui, Y. Wang, H. Yang and X. Jiang,
Overexpression of SOX2 promotes migration, invasion, and
epithelial-mesenchymal transition through the Wnt/beta-
catenin pathway in laryngeal cancer Hep-2 cells, Tumour
Biol., 2014, 35, 7965–7973.

39 S. Nogami, T. Takahashi, K. Yamauchi, Y. Takeda, K. Ito,
M. Chiba and A. Gaggl, Relationship between arthroscopic
ndings of synovitis and levels of tumour necrosis factor-
alpha and matrix metalloproteinases in synovial lavage
uid from patients with unilateral high mandibular
condyle fractures, J. Oral Rehabil., 2018, 45, 452–458.

40 M. Pilskog, L. Bostad, R. J. Edelmann, L. A. Akslen,
C. Beisland and O. Straume, Tumour cell expression of
interleukin 6 receptor a is associated with response rates
in patients treated with sunitinib for metastatic clear cell
renal cell carcinoma, J. Pathol.: Clin. Res., 2018, 4, 114–123.

41 H. P. Lin, Y. Q. Zheng, Z. P. Zhou, G. X. Wang and P. F. Guo,
Ryanodine receptor antagonism alleviates skeletal muscle
ischemia reperfusion injury by modulating TNF-a and IL-
10, Clin. Hemorheol. Microcirc., 2018, 70, 51–58.

42 A. M. Bellizzi, M. Bloomston, X. P. Zhou, O. H. Iwenofu and
W. L. Frankel, The mTOR pathway is frequently activated in
pancreatic ductal adenocarcinoma and chronic pancreatitis,
Appl. Immunohistochem. Mol. Morphol., 2010, 18, 442–447.
RSC Adv., 2019, 9, 5460–5469 | 5469


	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway

	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway

	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway
	PTEN suppresses the inflammation, viability, and motility of AP-AR42J cells by activating the Wnt/tnqh_x03b2-catenin pathway


