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Angiotensin 1-7 ameliorates caerulein-induced inflammation
in pancreatic acinar cells by downregulating Toll-like
receptor 4/nuclear factor-kB expression
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Abstract. The present study aimed to investigate the effects of
angiotensin (Ang) 1-7 on caerulein (CAE)-stimulated nuclear
factor (NF)-«B, Toll-like receptor (TLR4) and cytokine
expression using pancreatic acinar AR42J cells. AR42J cells
were treated with 10 nmol/l CAE for various durations. In
addition, cells were pretreated with various concentrations of
Ang 1-7 or A779, a specific antagonist of Ang 1-7, and were
stimulated with CAE for 12 h. Control cells were treated
with vehicle (F-12K complete medium with 2% fetal bovine
serum, 10 U/ml penicillin and 100 mg/ml streptomycin) alone.
The mRNA and protein expression levels of TLR4, NF-«B,
interleukin (IL)-6, IL-8, IL-10 and tumor necrosis factor-a
(TNF-0) were determined by western blotting, immunofluo-
rescence and reverse transcription-quantitative polymerase
chain reaction. CAE treatment stimulated TLR4 and NF-kB
expression within AR42J cells. Immunofluorescence indicated
that TLR4 was expressed on the membranes and in the cyto-
plasm of AR42]J cells, whereas NF-xB expression accumulated
in the cytoplasm and nuclei. CAE-induced expression of TLR4
and NF-«xB within AR42J cells was abrogated by 10> mmol/I
Ang 1-7; however, TLR4 and NF-«kB expression was enhanced
with the addition of A779, particularly 10> mmol/I. In addition,
treatment with 10 and 10° mmol/l Ang 1-7 significantly
mitigated CAE-induced expression of IL-6, IL-8 and TNF-q,
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whereas it enhanced IL-10 expression. Conversely, A779
treatment enhanced the CAE-induced expression of IL-6, IL.-8
and TNF-a, and reduced IL-10 expression in AR42J cells. In
conclusion, these results suggested that Ang 1-7 may attenuate
CAE-induced inflammation by downregulating TLR4, NF-xB
and proinflammatory cytokine expression within AR42J
cells. Therefore, Ang 1-7 may exert protective effects against
the pathological progression of AP in a cell model of AP
induced by CAE and may be considered in the development of
treatments for this disease.

Introduction

The renin-angiotensin system (RAS) has been implicated in
the pathophysiology of pancreatitis (1). Evidently, high levels
of angiotensin I converting enzyme 2 (ACE2), angiotensin
(Ang) 1-7, and its corresponding receptor Mas, expression are
detected in plasma and in the pancreas of mice with acute
pancreatitis (AP). These factors serve protective roles during
the pathogenesis of pancreatitis within mice (2). Ang 1-7 has
been reported to serve as an endogenous antagonist of Ang II,
possessing anti-inflammatory and vasodilatory activities, and
exerting protective effects against endothelial injury (3-5). Our
previous study revealed that caerulein (CAE) can stimulate the
ACE2-Ang-1-7-Mas axis and significantly inhibit pancreatitis
development via endothelial nitric oxide synthase activation
and nitric oxide signaling within AR42]J cells (6). In addition,
further study identified that in the AR42J cells stimulated by
CAE, blocking of Mas receptor using A779, then enhancement
of Ang (1-7), still can reduce the inflammatory response. It is
therefore hypothesized that Ang (1-7) has other anti-inflam-
matory pathways besides the Mas receptor pathway; however,
further investigation is required.

Toll-like receptors (TLRs) are required for the onset of
inflammation, and can initiate inflammatory signaling (7).
TLR4 is a member of the TLR family and is expressed by
pancreatic macrophages, acinar cells and stellate cells (8).
Engagement of TLR4 with its ligands, such as lipopolysac-
charide, can activate the nuclear factor (NF)-kB signaling
pathway and induce the expression of tumor necrosis factor-a
(TNF-a), and other proinflammatory cytokines that lead to
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pancreatic inflammation (9-12). During the pathogenesis of
AP, the RAS also regulates the NF-«xB signaling pathway and
cytokine production, which contributes to the pathogenesis of
AP (13). Our previous study reported the expression of Ang
1-7 within AR42]J cells; high levels of circulating Ang 1-7 were
detected within mice with severe AP (SAP) (2). However, it is
unclear whether endogenous and exogenous Ang 1-7 can regu-
late TLR4 and NF-kB expression within AR42J cells during
the inflammatory process. In the present study, a cellular
model was employed to investigate the effect of Ang 1-7 on
the expression of TLR4, NF-xB and inflammatory cytokines
within AR42J cells.

Materials and methods

Cell culture and grouping. Rat pancreatic acinar AR42J cells
[American Type Culture Collection (ATCC), Manassas, VA,
USA] were cultured in F-12K medium (ATCC) containing
20% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), 100 U/ml penicillin and 100 pg/ml strep-
tomycin (complete medium) at 37°C in a humidified atmosphere
containing 5% CO,. Cells were stimulated with 10 nmol/l CAE
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 0.25,
0.5,2,6, 12 or 24 h to induce inflammation (14). All drug inter-
vention group cells were stimulated at room temperature, and
then incubated at 37°C in a humidified atmosphere containing
5% CO,. In addition, cells were treated with vehicle [F-12K
medium containing 5% fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc.)] alone (Control) or 10 nmol/l CAE for
12 h (Model). Some cells were pretreated with Ang 1-7 (107,
10-% or 107 mol/l; Sigma-Aldrich; Merck KGaA) or Ang 1-7
antagonist A779 (107, 10 or 10> mol/I; Sigma-Aldrich; Merck
KGaA) for 12 h and stimulated with 10 nmol/l CAE for 12 h.
The groups of differentially treated cells were harvested for
subsequent experimentation.

Immunofluorescence assay. Expression levels of TLR4 and
NF-kB in the control and model cell groups were deter-
mined by immunofluorescence analysis. Briefly, cells of the
control and model groups were harvested and washed in
phosphate-buffered saline (pH 7.4), fixed in 4% (v/v) para-
formaldehyde at 37°C for 40 min, and were then treated with
1% bovine serum albumin (Gibco; Thermo Fisher Scientific,
Inc.) at 37°C for 30 min. The cells were incubated with rabbit
anti-TLR4 (ab22048; 1:200; Abcam, Cambridge, UK) and
anti-NF-«xB p65 (8242; 1:200; Cell Signaling Technology, Inc.,
Danvers, MA, USA) or control rabbit immunoglobulin G (IgG;
ab6730; 1:200; Abcam, Cambridge, UK) at 4°C overnight.
Cells were washed and incubated with fluorescein isothiocya-
nate-conjugated goat anti-rabbit IgG (bs-0295M-FITC; 1:100;
BIOSS, Beijing, China) for 40 min at 37°C followed by staining
with DAPI (Santa Cruz Biotechnology, Inc., Dallas, TX, USA).
The cells were examined under a fluorescent microscope and
images were captured.

Western blotting. Harvested cells were lysed using lysis buffer
(BIOSS, Beijing, China) and were centrifuged (25,155 x g for
15 min at 4°C). Following quantification of protein concentra-
tions using a Bicinchoninic Acid Protein Assay kit (Pierce;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), cell lysate
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proteins (25 pg/lane) were separated by 10% SDS-PAGE and
were transferred onto polyvinylidene fluoride membranes.
The membranes were incubated with 5% non-fat dry milk in
Tris-buffered saline containing 2% Tween at 37°C for 2 h and
were then incubated with monoclonal rabbit anti-mouse TLR4
(ab22048; 1:800; Abcam), anti-B-actin (4970; 1:500; Cell
Signaling Technology, Inc.), or anti-NF-xBp65 (8242; 1:800;
Cell Signaling Technology, Inc.) at 4°C overnight. Membranes
were washed and were incubated with peroxidase-conjugated
goat anti-rabbit antibodies (sc-2004; 1:5,000; Santa Cruz
Biotechnology, Inc.) for 1 h at 25°C and were visualized
using enhanced chemiluminescence detection reagents (EMD
Millipore, Billerica, MA, USA). The relative levels of target
protein compared with B-actin were determined via densito-
metric analysis using Image software version 3.0 (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Reverse transcription-quantitative polymerase chain reaction
(RT-qgPCR). Total RNA was extracted from different groups
of cells using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.,) and reverse transcribed into cDNA using the
High Capacity cDNA Reverse Transcription kit (Fermentas;
Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA) according
to the manufacturer's protocol. The resultant cDNA served as
templates for RT-qPCR using the Power SYBR Green PCR
Master Mix (Applied Biosystems; Thermo Fisher Scientific,
Inc.) and specific primers in an Applied Biosystems 7500
fast platform (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The primer sequences were: IL-6 forward, STGCCTT
CTTGGGACTGAT3' and reverse, 5SSCTGGCTTTGTCTTTC
TTGTTAT3' (384 bp); IL-10 forward, 55CCTGGTAGAAGT
GATGCC3' and reverse, 5'CACCTTTGTCTTGGAGCT3
(191 bp); IL-8 forward, STCGTCCACGCCACAAGTA3Z' and
reverse, S5CAGTAGTCCGAAGAATGAAG3' (117 bp); TNF-a
forward, 5SSCCACGCTCTTCTGTCTACTG3' and reverse,
5'GCTACGGGCTTGTCACTC3' (145 bp); and GAPDH
forward, 5'CTCAACTACATGGTCTACATGTTCCA-3' and
reverse, 5'-CTTCCCATTCTCAGCCTTGACT-3' (81 bp).
The qPCR reactions were performed in triplicate at 95°C for
10 min, 95°C for 15 sec, and 60°C for 1 min for 40 cycles.
Data were normalized to GAPDH and analyzed by the 244
method (15).

Statistical analysis. All cell experiments were repeated three
times, and all data are expressed as the mean + standard
deviation. The difference among groups was determined by
one-way analysis of variance followed by a Newman-Keuls
test using the Statistical Package for Social Sciences software
for Windows, version 16.0 (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

CAE enhances TLR4 and NF-«kB expression in AR42J cells. In
order to investigate the effects of CAE on TLR4 and NF-«B,
AR42]J cells were treated with or without 10 nmol/l CAE
for various durations; TLR4 and NF-«B expression within
AR42] cells was determined by western blotting (Fig. 1A).
Compared with the control group, treatment with CAE for
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Figure 1. Dynamic alterations in TLR4 and NF-kB expression levels within
ARA42] cells following CAE treatment. AR42]J cells were treated in triplicate
with vehicle or 10 nmol/l CAE for 0.25, 0.5, 2, 6, 12 and 24 h. (A) Western
blotting was performed to analyze the relative protein expression levels of
TLR4 and NF-xB within treated AR42J cells. Dynamics of (B) TLR4 and
(C) NF-kB protein expression within AR42J cells treated with or without
10 nmol/l CAE for the aforementioned durations. "P<0.05 vs. the control
group. CAE, caerulein; NF-kB, nuclear factor-kB; TLR4, Toll-like receptor 4.

0.5 h significantly increased the relative expression levels of
TLR4 (Fig. 1B) and NF-kB (Fig. 1C) in AR42J cells (Fig. 1).
The protein expression levels of TLR4 peaked after 6 h of
CAE treatment, whereas CAE induced NF-kB expression in
a time-dependent manner within AR42]J cells. In our previous
experiments, it was identified that the inflammatory response
of AR42]J cells was evident at 12 h, and the expression of
TLR4 and NF-kB increased markedly at this time point.
Therefore, treatment with CAE for 12 h was selected as the
model of CAE-induced acute inflammation for subsequent
experiments.

To further determine the effects of CAE on TLR4 and
NF-«B, cells were treated with CAE or vehicle for 12 h, after
which TLR4 and NF-kB expression levels were determined by
immunofluorescence. As presented in Fig. 2, weak anti-TLR4
fluorescence within the membranes and cytoplasm, and weak
anti-NF-kBp65 fluorescence in the cytoplasm and nuclei was
detected within the AR42J control cells. Conversely, increased
anti-TLR4 and anti-NF-kBp65 fluorescence was observed

3513

within the CAE-treated cells; anti-NF-kBp65 fluorescence was
greater within the nuclei of CAE-treated cells. Collectively,
these results indicated that CAE induced TLR4 and NF-xB
expression within AR42J cells.

Treatment with Ang 1-7 abrogates CAE-induced TLR4 and
NF-kB expression within AR42J cells. Ang 1-7 has been
reported to exhibit anti-inflammatory activities; the effects
of Ang 1-7 on CAE-induced inflammation were investigated
within AR42J cells that were treated with or without various
concentrations of Ang 1-7 and were stimulated with CAE for
12 h. Control cells were treated with vehicle alone. Relative
protein expression levels of TLR4 and NF-«B were determined
via western blot analysis (Fig. 3). CAE treatment was observed
to significantly enhance TLR4 and NF-«xB expression levels;
however, pretreatment with Ang 1-7 (10 or 107 mol/l) failed
to significantly modulate the effect of CAE on TLR4 and
NF-xB expression. However, 10° mol/l Ang 1-7 significantly
abrogated CAE-induced TLR4 and NF-kB expression within
ARA42]J cells.

Treatment with Ang 1-7 specific antagonist A779 enhances
CAE-induced TLR4 and NF-kB expression within AR42J cells.
Our previous study demonstrated that Ang 1-7 and its receptor
Mas are expressed within AR42J cells (6). The effect of A779
on CAE-induced TLR4 and NF-«kB expression was investi-
gated in AR42]J cells pretreated with various concentrations of
AT79 followed by CAE treatment for 12 h. Relative expression
levels of TLR4 and NF-kB were determined by western blot
analysis. As presented in Fig. 4, treatment with A779 enhanced
the expression levels of TLR4 and NF-kB within AR42]J
cells in a dose-dependent manner. Pretreatment with A779
(10 mol/l) significantly increased TLR4 and NF-xB expres-
sion compared with in the model group, in which cells were
not pretreated with A779 for 12 h. These results suggested that
the reduction of CAE-induced expression of TLR4 and NF-xB
was enhanced by A779 with AR42J cells.

Treatment with Ang 1-7 or A779 modulates CAE-induced
cytokine expression within AR42J cells. The effects exerted
by Ang 1-7 and A779 on CAE-induced cytokine expression
were investigated. AR42J cells were pretreated with Ang
1-7 and were stimulated with CAE for 12 h. The mRNA
expression levels of IL-6, IL-8, TNF-a and IL-10 relative
to GAPDH were detected using RT-qPCR. CAE treatment
significantly enhanced IL-6, IL-8, TNF-a and IL-10 expres-
sion within AR42J cells (P<0.05, Fig. 5A-D). Pretreatment
with Ang 1-7 decreased IL-6, IL-8 and TNF-a expression
in a dose-dependent manner. A significant decrease in IL-6
and TNF-a expression was observed with all concentrations
of Ang 1-7, whereas IL-8 expression was decreased following
treatment with 10-% and 10> mol/I Ang 1-7. Conversely, 106 and
10 mol/l Ang 1-7 pretreatment increased IL-10 expression.
Therefore, the addition of exogenous Ang 1-7 was associated
with a reduction in the expression of proinflammatory cyto-
kines and an increase in anti-inflammatory IL-10 expression
within AR42J cells.

RT-qPCR was employed to investigate whether the effects
of endogenous Ang 1-7 on CAE-induced cytokine expression
may be antagonized by A779 within AR42J cells. Compared
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Figure 2. Immunofluorescence analysis of TLR4 and NF-«xB expression within AR42]J cells following CAE treatment. AR42J cells were treated in triplicate
with vehicle or 10 nmol/l CAE for 12 h; TLR4 and NF-«xB expression levels were characterized by immunofluorescence analysis using FITC-anti-TLR4 and
FITC-anti-NF-xBp65, as well as DAPI staining. CAE, caerulein; FITC, fluorescein isothiocyanate; NF-kB, nuclear factor-kB; TLR4, Toll-like receptor 4.

with the model group, pretreatment with 10~ mol/l A779
significantly increased CAE-induced expression of IL-6 and
IL-8; CAE-induced expression of TNF-a expression within
ARA42]J cells significantly increased with A779 pretreatment
(10° and 10~ mol/l; P<0.05, Fig. 6A-C). Conversely, the

mRNA expression levels of IL-10 were decreased in response
to A779 pretreatment, a significant decrease was observed
with the addition of 10-° and 10~ mol/l A779, compared with in
the control and model groups (P<0.05; Fig. 6D). Collectively,
antagonism of endogenous Ang 1-7 via A779 significantly
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Figure 3. CAE-induced expression of TLR4 and NF-«B within AR42J cells
is abrogated by Ang 1-7. (A) Western blotting revealed the protein expression
levels of TLR4 and NF-kB within AR42J cells pretreated with or without
Ang 1-7 (107, 10 or 10 mol/1) for 12 h and stimulated with CAE for 12 h;
control cells received vehicle alone. Relative expression levels of (B) TLR4
and (C) NF-xB compared with f3-actin. "P<0.05 vs. the control group;
#P<0.05 vs. the model group. Ang, angiotensin; CAE, caerulein; NF-«B,
nuclear factor-«B; TLR4, Toll-like receptor 4.

enhanced CAE-induced expression of proinflammatory cyto-
kines and decreased the expression of anti-inflammatory IL-10
within AR42]J cells.

Discussion

Ang IT and its receptors AT1 and AT2 serve important roles in
the pathogenesis of AP, whereas Ang 1-7 has been reported to act
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Figure 4. CAE-induced expression of TLR4 and NF-kB within AR42]J cells
is enhanced by A779. (A) Western blotting revealed the protein expression
levels of TLR4 and NF-xB within AR42J cells pretreated with or without
107, 10 or 10° mol/l A779 and CAE for 12 h. Relative protein expression
levels of (B) TLR4 and (C) NF-«kB of the differentially treated AR42J cells,
compared with B-actin. “P<0.05 vs. the control group; “P<0.05 vs. the model
group. CAE, caerulein; NF-«xB, nuclear factor-kB; TLR4, Toll-like receptor 4.

as an antagonist that inhibits inflammation (16,17). In addition,
recent studies have demonstrated that Ang II can regulate
TLR4 expression in order to modulate inflammation and other
associated functions (18-20). In the present study, the effects of
endogenous and exogenous Ang 1-7 on CAE-induced inflam-
mation within AR42J cells were investigated. The purpose of
the present study was to investigate the effect of Angl-7 on
TLR4/NF-kB and its possible anti-inflammatory mechanism
by inhibiting TLR4 pathway, so the effect of ANGI1-7 was
blocked endogenously following the addition of the ANG1-7
antagonist A779. Endogenous blocking and exogenous increase
of Angl-7 was used to explore its role. The results revealed that
CAE upregulated TLR4 and NF-kB expression; however, high
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Figure 5. CAE-induced cytokine expression within AR42J cells is modulated by Ang 1-7. AR42J cells were pretreated with or without Ang 1-7 (107, 10 or
10~ mol/1) for 12 h and CEA for 12 h; control cells received vehicle alone. Relative mRNA expression levels of (A) IL-6, (B) IL-8, (C) TNF-a and (D) IL-10 in
the differentially treated AR42J cells compared with GAPDH, as determined by reverse transcription-quantitative polymerase chain reaction. Relative nRNA
expression levels of the cytokines within the control group are designated as 1. "P<0.05 vs. the control group; “P<0.05 vs. the model group. Ang, angiotensin;

CAE, caerulein; IL, interleukin; TNF-o, tumor necrosis factor-a.

doses of Ang 1-7 abrogated CAE-induced TLR4 and NF-xB
expression in AR42J cells. Notably, Ang 1-7 is expressed
within R42J cells following stimulation by CAE (6). The data
of the present study indicated that endogenous Ang 1-7 may
serve as a compensatory regulator to inhibit inflammation
in an autocrine or paracrine manner during the inflamma-
tory response in AP. This is supported by a previous report
that Ang 1-7 inhibits the TLR4/NF-kB signaling pathway
and ameliorates inflammation of the liver (21); therefore,
Ang 1-7 may be considered an anti-inflammatory factor that
serves to downregulate the TLR4/NF-kB signaling pathway
during the pathogenic progression of AP. These novel find-
ings suggested that Ang 1-7 may serve importance in the
intervention of AP.

Pancreatitis has been recognized to be a result of the
systemic inflammatory response which activate NF-kB and
mitogen-activated protein kinases, which in turn regulate

the expression of inflammatory cytokines, including IL-1§,
IL-6, interleukin-8 and transforming growth factor-f1 in
caerulein-stimulated pancreatic acinar cells (22). Engagement
of TLR4 by its ligand can activate NF-xB and other pathways to
stimulate proinflammatory IL-6, IL-8 and TNF-a production,
which also upregulates anti-inflammatory IL-10 expression
during the inflammatory process of AP (23-25). The findings
of the present study demonstrated that CAE treatment
significantly increased the relative expression levels of 1L-6,
IL-8, TNF-a and IL-10 within AR42]J cells. A previous study
demonstrated that pro-inflammatory cytokines, such as TNF-a
and IL-6, were greatly increased, and the anti-inflammatory
IL-10 was markedly decreased in the circulation after
induction of SAP. The Ace2 KO mice exhibited increased
levels of TNF-a, IL-1, IL-6, multifocal coagulative necrosis
and inflammatory infiltrate, and lower levels of serum IL-10
and pancreatic Ang-(1-7) compared with caerulein-treated WT
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Figure 6. A779 affects CAE-induced cytokine production within AR42J cells. Following pretreatment with or without 107, 10 or 10 mol/l A779 for 12 h
and CAE for 12 h, relative mRNA expression levels of (A) IL-6, (B) IL-8, (C) TNF-a and (D) IL-10 within AR42J cells were determined by reverse transcrip-
tion-quantitative polymerase chain reaction, compared with GAPDH. Relative cytokine expression levels were designated as 1 (control group). “‘P<0.05 vs. the
control group; “P<0.05 vs. the model group. CAE, caerulein; IL, interleukin; TNF-c, tumor necrosis factor-a.

mice at the same time point (1). Combined with the current
research, these findings suggested that an imbalance between
proinflammatory and anti-inflammatory cytokine responses is
crucial for the pathogenesis of AP. In addition, treatment with
exogenous Ang 1-7 reduced the CAE-induced IL-6, IL-8 and
TNF-a expression, but increased IL-10 production in AR42J
cells. Conversely, antagonism of Ang 1-7 exerted by A779
treatment increased CAE-induced expression of IL-6, IL-8
and TNF-a, and decreased IL-10 expression within AR42J
cells. Additionally, endogenous and exogenous Ang 1-7 has
been reported to modulate the imbalance between pro- and
anti-inflammatory cytokine responses to limit inflammation
during the pathogenesis of AP (26). A previous study suggested
that inflammatory cytokines may be considered prognostic
markers in the progression of SAP (27). The findings of the
present study indicated that the imbalance between pro- and
anti-inflammatory cytokine responses may serve importance
in the evaluation of AP-associated inflammation reaction.
Whether endogenous and exogenous Ang 1-7 can downregulate
TLR4 and NF-«B expression, and alter the imbalance between
pro- and anti-inflammatory cytokines, in vivo remains to be

elucidated. In addition, the potential mechanisms underlying
the effects of Ang 1-7 on TLR-4 and NF-«xB expression during
the progression of AP have yet to be investigated.

In conclusion, the results of the present study indicated
that CAE induced the expression of TLR4 and NF-«kB, as
well as pro- and anti-inflammatory cytokines, within AR42J
cells, which was downregulated by endogenous and exogenous
Ang 1-7. These findings may provide novel insights into the
pathophysiological mechanism of pancreatitis and provide a
new target for the treatment of pancreatitis.
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