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Abstract

AIM

To investigate the role of peritoneal macrophage (PM)
polarization in the therapeutic effect of abdominal par-
acentesis drainage (APD) on severe acute pancreatitis
(SAP).

METHODS

SAP was induced by 5% Na-taurocholate retrograde
injection in Sprague-Dawley rats. APD was performed
by inserting a drainage tube with a vacuum ball into
the lower right abdomen of the rats immediately
after the induction of SAP. To verify the effect of APD
on macrophages, PMs were isolated and cultured in
an environment, with the peritoneal inflammatory
environment simulated by the addition of peritoneal
lavage in complete RPMI 1640 medium. Hematoxylin and
eosin staining was performed. The levels of pancreatitis
biomarkers amylase and lipase as well as the levels of
inflammatory mediators in the blood and peritoneal
lavage were determined. The polarization phenotypes
of the PMs were identified by detecting the marker
expression of M1/M2 macrophages via flow cytometry,
gPCR and immunohistochemical staining. The protein
expression in macrophages that had infiltrated the
pancreas was determined by Western blot.

RESULTS

APD treatment significantly reduced the histopath-
ological scores and levels of amylase, lipase, tumor
necrosis factor-a and interleukin (IL)-1p, indicating that
APD ameliorates the severity of SAP. Importantly, we
found that APD treatment polarized PMs towards the
M2 phenotype, as evidenced by the reduced number
of M1 macrophages and the reduced levels of pro-
inflammatory mediators, such as IL-1p and L-selectin, as
well as the increased number of M2 macrophages and
increased levels of anti-inflammatory mediators, such as
IL-4 and IL-10. Furthermore, in an /n vitro study wherein
peritoneal lavage from the APD group was added to the
cultured PMs to simulate the peritoneal inflammatory
environment, PMs also exhibited a dominant M2
phenotype, resulting in a significantly lower level of
inflammation. Finally, APD treatment increased the
proportion of M2 macrophages and upregulated the
expression of the anti-inflammatory protein Arg-1 in the
pancreas of SAP model rats.

CONCLUSION

These findings suggest that APD treatment exerts anti-
inflammatory effects by regulating the M2 polarization
of PMs, providing novel insights into the mechanism
underlying its therapeutic effect.
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Core tip: In the present study, we provided evidence
for the first time that abdominal paracentesis drainage
(APD) ameliorates inflammation in rats with severe acute
pancreatitis (SAP) by regulating peritoneal macrophage
M2 polarization. The important findings are that: (1)
by removing pancreatitis-associated ascitic fluids, APD
could improve the inflammatory environment of the
peritoneal cavity; (2) the improved environment in the
peritoneal cavity could polarize peritoneal macrophages
towards the M2 phenotype; and (3) APD could promote
M2 polarization of macrophages in the pancreas of SAP
model rats. These findings provide new insights into the
mechanisms underlying the effectiveness of APD, which
may advance the clinical use of APD to benefit patients
with SAP.

Liu RH, Wen Y, Sun HY, Liu CY, Zhang YF, Yang Y, Huang QL,
Tang JJ, Huang CC, Tang LJ. Abdominal paracentesis drainage
ameliorates severe acute pancreatitis in rats by regulating the
polarization of peritoneal macrophages. World J Gastroenterol
2018; 24(45): 5131-5143 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i45/5131.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i45.5131

INTRODUCTION

Severe acute pancreatitis (SAP) is a lethal inflammatory
condition that is frequently accompanied by many
complications, such as systemic inflammatory response
syndrome (SIRS) and multiple organ dysfunction
syndrome (MODS), which lead to a high risk of death in
SAP patients. To date, the mortality rate for SAP remains
high at 30%™. The key issue is that there is no effective
strategy for controlling the activated inflammatory
cascade and restoring immune homeostasis during SAP.
Numerous studies have suggested that pancreatitis-
associated ascitic fluids (PAAF) play an important role
in the pathogenesis of SAP because they contain tumor
necrosis factors, interleukins, endotoxins and other
substances®®. Our previous studies suggested that
abdominal paracentesis drainage (APD) ameliorates SAP
in patients safely and effectively by removing PAAF®™7,
However, the mechanism underlying APD treatment
remains poorly understood.

Macrophages are the main inflammatory cells
implicated in the initiation and progression of the early
stage of SAP®°!, They can be polarized into the following
two different functional phenotypes in response to the
microenvironment: classically activated macrophages
(M1) or alternatively activated macrophages (M2). M1
macrophages produce pro-inflammatory cytokines,
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including interleukin (IL)-1B, IL-6 and tumor necrosis
factor (TNF)-a, while the M2 phenotype produces anti-
inflammatory cytokines, such as IL-10™”. Macrophages
can also transition between the M1 and M2 phenotypes
in response to certain signals'**?l. Therefore, the
polarization of macrophages towards the M2 phenotype
has emerged as an interesting strategy to control the
progression of inflammation™. Among the macrophages
associated with SAP, peritoneal macrophages (PMs) are
known to play a crucial role in the progression from local
to systemic inflammation. PMs widely interact with PAAF,
and the function of PMs is regulated by PAAF™. Although
the activation of macrophages is tightly associated
with the severity of SAP, whether APD can change the
polarization state of PMs by removing PAAF in rats with
SAP is uncertain.

Based on the above considerations, in the present
study, we sought to determine the polarization phe-
notypes of PMs and the corresponding inflammatory
response in a rat model of SAP following APD treatment.
Our study offers new insights into the mechanism by
which APD treatment ameliorates SAP.

MATERIALS AND METHODS

Experimental animals

The animal protocol was designed to minimize pain or
discomfort to the animals. Adult male Sprague-Dawley
rats weighing 200-250 g were purchased from Chengdu
Dossy Experimental Animals Co., Ltd. (Chengdu,
China). All rats were housed and fed in a pathogen-
free facility under 12-h day and night cycles throughout
the experiment. Animal experiments were performed
according to the guidelines of the Animal Welfare
Committee of Chengdu Military General Hospital.

In vivo experiments

Eighteen rats were divided into the following three
equal groups according to a random number table: an
SAP group, an APD group and a sham operation group
(SHAM). Pancreatitis was induced in the SAP and APD
groups by retrograde injection of 5% Na-taurocholate
(0.1 mL/100 g body weight, Sigma, United States)"’
via the pancreatic duct using a syringe pump. In the
APD group, a drainage tube with a vacuum ball was
inserted into the lower right abdomen immediately after
pancreatitis was induced"®. Rats in the sham group did
not receive any operation except opening and closure
of the abdomen. Anesthesia was performed with an
anesthesia machine using isoflurane (RWD Life Science,
Shenzhen, China). Rats were sacrificed 12 h after the
model was established. Blood samples were collected,
and pancreatic tissues were harvested. According to
previously described methods'”’, PMs were isolated by
peritoneal lavage after the ascetic fluid of SAP rats was
drained.

Pancreatic histological analysis

The pancreas was dissected along the pancreatic
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duct, and a 0.5 cm x 0.5 cm sample was fixed in 4%
paraformaldehyde solution. After being embedded in
paraffin, the samples were cut into 4-um thick sections
and stained with hematoxylin and eosin (HE). Then,
the slides were observed under an optical microscope,
and the histopathology was scored using a previously
described scoring system!*®l, The scores were averaged
for five individual slides from every pancreas.

Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assays (ELISAs) were
performed with the serum samples from each group
using commercial rat-specific kits for amylase, lipase,
IL-1B and TNF-a (Dakewe Biotech Co., Ltd. Shenzhen,
China) according to the supplier’s specifications.

Cell isolation

The ascetic fluid in the abdomen of SAP rats or the
residual liquid in APD rats was drained followed by
intraperitoneal injection of 20 mL of precooled PBS
solution. After 5 minutes of abdominal kneading, 15 mL
of lavage fluid containing peritoneal cells was transferred
into the anticoagulant tube via a syringe. The cells were
washed with PBS, resuspended in RPMI-1640 (Gibco,
CA, United States) with 20% fetal bovine serum (Gibco,
CA, United States) and cultured at 37 'C in 5% CO: for
1 h. The adherent cells were used in the subsequent
experiments.

Flow cytometry

To detect the polarization phenotype of the macrophages
in the abdomen, the PMs were analyzed by flow
cytometry. PMs were washed with staining buffer
(1% BSA in PBS containing 0.01% NaNs, Thermo
Fisher, United States) and incubated with 10% mouse
serum for 20 min on ice. Subsequently, the cells were
incubated with reagents from the LIVE/DEAD™ Fixable
Dead Cell Stain Kit (Thermo Fisher, United States),
FITC-conjugated anti-CD163 (Bio-Rad, United States),
and PE-conjugated anti-CD86 (BD Biosciences, United
States) at the manufacturer’s recommended dilution
for 40 min on ice. For intracellular staining, the cells
were fixed and permeabilized with fixation buffer from a
Fixation/Permeabilization Solution Kit (BD Biosciences,
United States) for 1 h at 4 C in the dark, washed with
permeabilization buffer and incubated with Alexa-
Flour647-conjugated anti-CD68 (Bio-Rad, United States)
antibody in permeabilization buffer for 1 h at 4 °C in the
dark. The samples were then washed and resuspended
in permeabilization buffer and analyzed with a FACS
Canto II system (BD Biosciences). The results were
analyzed with BD FACS DIVA software (BD Biosciences,
United States).

RNA isolation and gPCR

Total RNA from the abovementioned PMs was extracted
using a commercial RNA extraction kit (Axygen,
United States). The RNA was quantified by measuring
the absorbance at 260 nm and 280 nm using a
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spectrophotometer (NanoDrop Technologies, United
States). cDNA was synthesized from a 100-ng RNA
sample using the Primescript™ reagent kit with a gDNA
eraser (Takara, Tokyo, Japan) and stored at -80 C.

Real-time quantitative PCR was performed with
a CFX96 Real-Time PCR Detection System using the
SYBR Green Master Mix (Bio-Rad, United States).
The primers used were as follows: INOS forward,
5'-CAGCCCTCAGAGTACAACGAT-3' and reverse,
5’-CAGCAGGCACACGCAATGAT-3’; CD206 forward,
5'-ATTCCGGTCGCTGTTCAACT-3' and reverse,
5'-AACGGAGATGGCGCTTAGAG-3’; TNF-a forward,
5'-CGTCGTAGCAAACCACCAAG-3' and reverse,
5'-CACAGAGCAATGACTCCAAAG-3’; CD163 forward,
5'-CAACCGATGCTCAGGAAGAG-3’ and reverse,
5’-GATGGCACTTCCACATCCAA-3". GAPDH was used as
a reference gene, and the primers for GAPDH were the
commercial Rat GAPDH Endogenous Reference Gene
Primers (BBI Life Science, China).

Luminex assay

The concentrations of IL-1p, CXCL2, IL-4, IL-10 and
TNF-a in the lavage fluid were determined by Luminex
assays. A premixed commercial kit was used according
to the manufacturer’'s recommendation (RD, United
States). The assays were performed using the Luminex
X-200 System (Luminex Corp, United States).

Immunofluorescence staining

The distribution of the two phenotypes of macrophages
in the pancreas was assayed by immunofluorescence
staining. Pancreatic tissues were washed with PBS
twice, fixed with 4% paraformaldehyde for 24 h and
dehydrated in a 30% sucrose solution. Then, the tissues
were embedded in Tissue Freezing Medium and cut into
7-um thick sections. The slides were washed with PBS
and permeabilized with 0.1% Triton X-100. Subsequently,
the slides were incubated with goat serum at 37 C
for 30 min. The samples were stained by incubation
with Alexa-Flour647-conjugated anti-CD68 (Bio-Rad,
United States) and FITC-conjugated anti-CD163 (Bio-
Rad, United States) or Alexa-Flour647-conjugated anti-
CD68 and PE-conjugated anti-CD86 (BD Biosciences,
United States) at the manufacturer’s recommended
dilution at 4 ‘C overnight; then, the samples were stained
with DAPI to visualize the nuclei. The distribution of the
two phenotypes of macrophages in the pancreas was
examined by laser scanning confocal microscopy.

Western blot analysis

Pancreatic tissues were dissociated in a commercial
lysis buffer kit containing protease inhibitor and phen-
ylmethylsulfonyl fluoride (PMSF) (Solarbio Science
& Technology Co., Ltd, China) using a homogenizer.
The tissue lysates were centrifuged at 12000 rpm for
30 min at 4 'C, and the supernatant was collected for
analysis. The protein concentration was measured using
a commercial BCA protein assay kit (Solarbio Science

Baishidenge ~ WJG | www.wjgnet.com

and Technology Co., Ltd, China) according to the
manufacturer’s instructions. Proteins were mixed into
the premixed protein sample buffer (Bio-Rad, United
States) at equal concentrations and heated for 10
min at 100 'C to denature the protein. Electrophoresis
was performed on 10% or 8% SDS-polyacrylamide
gels followed by transferring the protein onto a PVDF
membrane. After blocking with 5% nonfat milk in TBS
solution for 1 h at room temperature, the blots were
incubated in the following primary antibodies overnight
at 4 'C: mouse anti-Argl (1:200, Santa Cruz, United
States), mouse anti-CD163 (1:200, Bio-Rad, United
States), mouse anti-CD86 (1:200, BD Biosciences,
United States), mouse anti-NOS2 (Santa Cruz, United
States), and mouse anti-GAPDH (Thermo Fisher, United
States). Afterwards, the blots were incubated with goat
anti-mouse horseradish peroxidase (HRP)-conjugated
secondary antibody (1:5000, Abcam, United Kingdom)
for 1 h at room temperature. Then, the blots were
developed using the enhanced chemiluminescence (ECL)
method (Merck Milipore, Germany) in a biocimaging
system (UVP, United Kingdom).

In vitro experiments

Primary cultured PMs were isolated from an additional
ten rats as described above, washed with PBS and
resuspended in RPMI-1640 (Gibco, CA, United States)
with 20% fetal bovine serum (Gibco, CA, United
States). All cells were plated at 1 x 10° cells per well
in a 6-well plate and then cultured at 37 °C in 5% CO:
for 3 d; adherent cells were identified as macrophages.
Flow cytometry was used to identify the purity of the
clones.

To test the effect of the abdominal inflammatory
environment on PMs, primary cultured PMs were treated
with medium containing 10% lavage fluid from SAP
and APD rats separately for 12 h, and PBS was used as
a control. The polarization phenotypes of the primary
cultured PMs were determined by flow cytometry as
mentioned above.

Statistical analysis

Statistical analyses were performed using SPSS 18.0
(SPSS Inc., United States), and the data are reported
as the mean = SD. Data were compared by Student’s
t-tests or one-way ANOVA followed by the SNK test for
multiple comparisons, and nonparametrically distributed
variables were compared by the Mann-Whitney test. P
< 0.05 was considered statistically significant.

RESULTS

Therapeutic effects of APD on SAP in rats

The SAP rat model induced by Na-taurocholate retrograde
injection (Figure 1A) is a stable animal model that has
many similarities to the clinical manifestations of SAP
in humans. To simulate the APD treatment, a drainage
tube was inserted into the lower right abdomen of SAP
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Figure 1 Abdominal paracentesis drainage ameliorates severe acute pancreatitis in a rat model. A: Model establishment. Retrograde injection of Na-
taurocholate (left) and a rat after abdominal paracentesis drainage (APD) treatment (right); B and C: Histopathological analysis of the pancreas. Comprehensive
disruption of the pancreatic structure with widespread infiltration of leukocytes, acinar cell vacuolization and necrosis was observed in severe acute pancreatitis (SAP)
rats; localized leukocyte infiltration and relatively intact acinar structure were observed in APD rats; D-I: Plasma levels of amylase, lipase, tumor necrosis factor-a,
interleukin (IL)-1p, IL-10 and transforming growth factor-B, respectively. Data indicate the mean + SD of six mice (C-). °P < 0.05 vs sham, °P < 0.05 vs SAP.

rats (Figure 1A). Histologically, apparent morphological
damage in the form of acinar cell necrosis and inflam-
matory infiltration was observed in rats with SAP, while
the tissue damage was significantly reduced in the APD
treatment group (Figure 1B). This result was supported
by the lower histopathological score in the APD group
than in the SAP group (Figure 1C).

Subsequently, we measured the serum amylase and
lipase levels, as they are known biomarkers of SAP. As
shown in Figure 1, the APD group showed lower levels
of amylase and lipase when compared with the SAP
group (Figure 1D and E). In the APD and SAP groups,
the concentrations of amylase and lipase were 0.906 =
0.102 ng/mL vs 1.302 £ 0.052 ng/mL and 10.118 =
1.019 U/L vs 12.251 + 0.458 U/L, respectively.

Pro-inflammatory cytokines, such as TNF-a and
IL-1B, are known to induce systemic inflammation in
SAP. Compared with SAP rats, in APD rats, the levels
of TNF-a. and IL-1B were significantly lower, while the
levels of the anti-inflammatory cytokines IL-10 and
transforming growth factor-g were higher (Figure 1F-H),
reflecting an amelioration of systematic inflammation in
APD rats.

These results suggest that APD treatment could
exert a protective role against the progression of SAP,
as supported by the observed improved tissue damage
and reduced systematic inflammation.

APD polarizes PMs towards the M2 phenotype in the
peritoneal cavity

PMs play important roles in the progression of SAP. To
assess the direct effect of APD on PMs, we first inves-
tigated the polarization phenotypes of the PMs in each
group by flow cytometry. CD68 was used as a marker
of all macrophages; CD68+CD86+ macrophages were
identified as M1 macrophages, while CD68+CD163+
cells were identified as M2 macrophages. Flow cytometry
plots revealed a significantly lower proportion of M1 PMs
in APD rats compared to SAP rats, while a slight increase
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occurred in the proportion of M2 PMs (Figure 2B).
Meanwhile, the M1/M2 ratio tended to be lower in the
APD group than in the SAP group (Figure 2 B).

To further confirm the polarization phenotype of PMs
at the genetic level, the expression of the M1-associated
gene iNOS and the M2-associated gene CD206 was
determined by gPCR. As expected, the expression of
CD206 gene increased in the APD group, while it was
inhibited in the SAP group. Although the expression
of the iINOS gene was upregulated in both groups, it
increased markedly in the SAP group (Figure 2E). These
data indicate that APD treatment polarized PMs towards
the M2 phenotype in the peritoneal cavity of SAP model
rats.

APD reduces the levels of pro-inflammatory cytokines
and increases the levels of anti-inflammatory cytokines
in the peritoneal cavity

APD treatment drained the PAAF from SAP rats, thus
altering the inflammatory environment of the peritoneal
cavity. To compare the inflammatory environments
in SAP and APD rats, we measured the production of
representative pro-inflammatory and anti-inflammatory
cytokines in the peritoneal lavage of each group by
Luminex (Figure 3). The protein levels of the pro-
inflammatory mediators IL-1B and L-selectin were
significantly lower in APD rats than in SAP rats, while
the levels of the anti-inflammatory cytokines IL-4 and
IL-10 were increased. Although there were no significant
differences in the levels of the pro-inflammatory
cytokines IL-6 and CXCL2, the mean levels of these
cytokines were greater in SAP rats than in APD rats.
These results indicate that APD treatment promoted
anti-inflammatory cytokine production and inhibited pro-
inflammatory cytokine production.

PMs are polarized to the M2 phenotype in the simulated
peritoneal inflammatory environment of APD rats in vitro
The phenotypes of PMs depend on the inflammatory
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Figure 2 Different polarized phenotypes of peritoneal macrophages in each group. A: Gating strategy for the peritoneal macrophage population; B-D:
Representative dot plot (B) and the percentages (C) and M1/M2 ratio (D) of CD68+CD86+ (M1) cells and CD68+CD163+ (M2) cells in each group; E: Relative
expression levels of CD206 and iNOS gene in peritoneal cells measured by real-time PCR and normalized to GAPDH mRNA. The data represent at least three
independent experiments (A-B) or indicate the mean + SD of six mice (E). °P < 0.05 vs abdominal paracentesis drainage.

environment. To investigate whether the peritoneal
inflammatory environment affects PMs polarization in
vitro, we simulated this environment by adding peritoneal
lavage from the SAP and APD groups to primary cultured
PMs. PBS was used as a negative control. Then, the
PMs were evaluated by flow cytometry. The dot plot
of FCM (Figure 4) indicated that the number of M2
macrophages increased slightly in PMs cultured in the
APD environment, while no increase was found in cells
cultured in the SAP environment. Although the nhumbers
of M1 macrophages rose in both groups, they increased
dramatically in the SAP environment. These data indicate
that the altered peritoneal inflammatory environment
induced by APD treatment enhanced M2 macrophage
polarization in PMs.

APD promotes M2 polarization of macrophages in the
pancreases of SAP rats

Given that macrophages are associated with intra-
pancreatic injury during SAP, we evaluated the effect
of APD on the polarization response of macrophages
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in the pancreas by immunofluorescence staining and
Western blot. As shown in Figure 5A, the number of
M2 macrophages clearly increased, while the number
of M1 macrophages decreased in the pancreas of
APD rats compared with SAP rats. The morphological
changes were confirmed by Western blot (Figure 5B).
The pancreatic levels of M2-associated proteins Arg-1
and CD163 were higher in APD rats than in SAP rats.
In contrast, the levels of M1-associated proteins iNOS
and CD86 were lower in APD rats than in SAP rats. The
data show that APD could promote M2 polarization of
macrophages in the pancreas of SAP rats.

Based on the above findings, a schematic model
was proposed to elucidate the possible mechanism
responsible for the beneficial effects of APD on SAP
(Figure 6). Once SAP occurs, the inflammatory cells are
activated following acinar cell injury and exudate full of
pro-inflammatory mediators collects in the peritoneal
cavity, which can polarize the PMs towards the M1
phenotype and lead to the overexpression of pro-
inflammatory mediators by PMs. By removing the PAAF,
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Figure 3 Abdominal paracentesis drainage alters the inflammatory environment in the peritoneal cavity. Protein levels in peritoneal lavage were measured by
Luminex. The results reflect the mean + SD obtained from six animals in each group. °P < 0.05 vs abdominal paracentesis drainage.

APD could improve the inflammatory environment of the
peritoneal cavity and thus regulate M2 polarization of
PMs in the peritoneal cavity. Meanwhile, APD could also
promote M2 polarization of macrophages in pancreatic
tissues. These events could upregulate the expression of
anti-inflammatory cytokines, which ultimately ameliorate
pancreatic injury.

DISCUSSION

In the present study, we provided evidence for the first
time that APD ameliorates inflammation in rats with SAP
by regulating PM M2 polarization. The important findings
are that: (1) by removing PAAF, APD can improve the
inflammatory environment of the peritoneal cavity; (2)
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the improved environment in the peritoneal cavity can
polarize PMs towards the M2 phenotype; and (3) APD
can promote M2 polarization of macrophages in the
pancreas of SAP rats. These findings provide new insight
into the mechanisms underlying the effectiveness of APD
in the treatment of SAP, which may advance the dlinical
use of APD to benefit patients with SAP.

APD treatment before percutaneous catheter
drainage has been proven to exert a beneficial effect
on patients with SAP in our serial reports. Here, we
demonstrated that APD treatment ameliorates the levels
of inflammatory factors, including TNF-o, IL-1B and IL-6,
in the serum and ascitic fluid of patients and rats with
SAPUl, Consistent with these results, in this paper, we
found that APD not only decreased the levels of pro-
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Figure 4 In vitro simulated peritoneal inflammatory environment of abdominal paracentesis drainage rats changes the polarized phenotype of peritoneal
macrophages. Primary peritoneal macrophages were cultured in medium simulating different inflammatory environments. The percentages of CD86" and
CD163" cells were measured by flow cytometry. The data are representative of at least three independent experiments. °P < 0.05 vs CON, °P < 0.05 vs abdominal

paracentesis drainage.

inflammatory cytokines, such as IL-1B, and the adhesion
molecule L-selectin but also increased the levels of anti-
inflammatory cytokines, such as IL-4 and IL-10. This is
in line with the findings of a recent study by Zhu and
colleagues™” in which it was shown that the levels of pro-
inflammatory cytokines in ascites, including IL-1B, IL-6,
IL-8 and TNF-a, decreased after early-stage drainage
of the PAAF, while the level of the anti-inflammatory
cytokine IL-10 increased significantly. Similar results
were also reported by Souza®”, and these two studies
suppose M2 macrophages as causative factors.

As is known, macrophages will acquire distinct
functional phenotypes when responding to environmental
cues. Because APD improves the inflammatory
environment of the peritoneal cavity, we speculated
that APD may influence the activation state of PMs. In
fact, our results indicate that the proportion of M1 PMs
in APD rats decreased significantly while the proportion
of M2 PMs increased slightly when compared with
the proportions in SAP rats. From a recent point of
view, it has been suggested that macrophages do not
exist as distinct M1 or M2 phenotypes but rather as a
continuum of overlapping functional states, and the
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transition between the M1 to M2 phenotype is a dynamic
processi'”, Therefore, we calculated the M1/M2 ratio to
reflect the dynamic balance of macrophage polarization.
The results indicate that the M1/M2 ratios in SAP rats
and APD rats were 7.286 + 4.22 vs 1.278 + 0.481,
respectively. Although M1 polarization was dominant
in both groups, there was a trend to skew the balance
towards the M2 phenotype in the APD group.

The mechanism by which APD polarizes PMs towards
an M2 phenotype in the peritoneal cavity remains
unknown; however, based on the above findings, we
infer that APD might eliminate the comprehensively
inflammatory environment, which provides an
environment suitable for the survival of M2 macrophages
and enhances the M2 polarization of PMs. The increase
in the number of M2 macrophages in turn leads to the
production of anti-inflammatory cytokines. To validate
the effect of APD on the polarization of macrophages,
lavage from each group was used to treat the primary
cultured PMs. Consistent with the in vivo experiments,
the number of M2 PMs increased in the APD group.

Studies have shown that polarizing macrophages
towards the M2 phenotype ameliorates many chronic
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vs severe acute pancreatitis.
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inflammation and autoimmune diseases'*, such as
SLE™, rheumatoid arthritis'®® and colitis®®*, Many
methods have been used to induce M2 polarization®*’.
However, most of the reports are in vitro experiments,
and the therapeutic effect of M2 macrophages on acute
inflammatory disease® is rarely reported. Although
Xu et al*” induced M2 polarization in primary cultured
liver macrophages from rats with acute pancreatitis,
they did not report any therapeutic effect of these cells
in SAP. One possible reason is that large amounts of
pro-inflammatory cytokines are released when the
inflammatory cascade is activated, which overwhelmingly
skews the M1/M2 balance towards M1 polarization in
vivo. Our successful induction of the M2 polarization of
PMs in SAP rats in vivo is a new attempt to utilize the
advantages of M2 macrophages to ameliorate acute
inflammatory diseases.

In addition, our findings demonstrate that the number
of M2 macrophages also increased in the pancreas of
SAP rats; however, only trace amounts of macrophages
in the peripheral blood and bone marrow were polarized
(data not shown). The data imply that the increase
in the number of M2 macrophages in the pancreas is
independent of the number of CD68+CD163+ cells in
the peripheral blood and bone marrow. In our analysis,
M2 macrophages may have migrated from the peritoneal
cavity to the pancreas and regulated the immune
responses in the pancreas of SAP rats. PMs have been
reported to selectively migrate to the specific sites of
inflammation in a colitis rat model®, indicating that PMs
could directly migrate to the focal zone in the peritoneal
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cavity. Moreover, the protein level of Arg-1, which is a
key modulator in regulating T-lymphocyte functions and
maintaining immunological tolerance®®, also increased.
However, whether the M2 macrophages in the pancreas
are PMs migrating from the peritoneal cavity still needs
to be proven.

In conclusion, our findings suggest that APD treat-
ment exerts anti-inflammatory effects to ameliorate SAP
by regulating PM M2 polarization, thereby increasing the
number of M2 macrophages and Arg-1 protein levels in
the pancreas; these findings provide novel insights into
the mechanisms underlying the therapeutic effect of
APD.

ARTICLE HIGHLIGHTS

Research background

Severe acute pancreatitis (SAP) is a highly lethal disease with limited
therapeutic options and is characterized by a critical systemic inflammatory
response. Pancreatitis-associated ascitic fluids (PAAF) play an important role
in the pathogenesis of SAP because of the pro-inflammatory mediators the
PAAF contain. Our previous studies suggested that APD ameliorates SAP by
removing the PAAF. However, the mechanism underlying the success of APD
treatment remains poorly understood. In the present study, we aimed to explore
the possible mechanism by which APD ameliorates SAP.

Research motivation

The key issue in treating SAP is to control the activated inflammatory cascade
and restore immune homeostasis. Peritoneal macrophages (PMs), crucial
inflammatory cells in the abdominal cavity, are implicated in the initiation and
progression of SAP in the early stage, and the function of PMs is regulated by
the PAAF. In this study, we found that APD treatment exerts anti-inflammatory
effects by regulating the M2 polarization of PMs, providing novel insights into
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the mechanisms underlying the therapeutic effect of APD.

Research objectives

The aim of this study was to determine the polarization phenotypes of PMs
and the corresponding inflammatory responses in a rat model of SAP following
APD treatment and to explore the possible mechanism by which APD treatment
ameliorates SAP.

Research methods

The effect of APD on the polarization response of PMs was determined in an
SAP rat model induced by 5% Na-taurocholate retrograde injection and in a
peritoneal inflammatory environment simulated by adding peritoneal lavage to
culture medium in vitro. HE staining and measurement of the levels of amylase,
lipase, and inflammatory mediators were performed. The M1/M2 phenotype
ratio of PMs was identified by flow cytometry and RT-PCR. The distribution of
macrophages and their protein expression in the pancreas were determined by
immunofluorescence staining and Western blot.

Research results

APD treatment ameliorates SAP by significantly reducing the pathological
scores and the levels of amylase, lipase, tumor necrosis factor-a, and
interleukin (IL)-1p. Importantly, APD treatment polarizes PMs towards the M2
phenotype and increases the anti-inflammatory mediators IL-4 and IL-10 in
the peritoneal lavage. Furthermore, PMs exhibited a trend towards the M2
phenotype in a simulated peritoneal inflammatory environment in vitro. Finally,
APD treatment increased the number of M2 macrophages and upregulated the
expression of the anti-inflammatory protein Arg-1 in the pancreas of SAP rats.

Research conclusions

APD treatment exerts anti-inflammatory effects by regulating the M2 polarization
of PMs, providing novel insights into the mechanisms underlying its therapeutic
effect.

Research perspectives

Our study provided evidence for the first time that APD ameliorates
inflammation in rats with SAP by regulating PM M2 polarization. However, solid
evidence that APD polarizes PMs to the M2 phenotype and the underlying
molecular mechanism still need to be explored. Furthermore, future research
should focus on the effect of M2 macrophages on immune homeostasis
restoration and tissue repair in the injured pancreas.
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