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Abstract
AIM: To investigate the potential protective effect 
of exogenous recombinant interleukin-22 (rIL-22) on 
L-arginine-induced acute severe pancreatitis (SAP)-
associated lung injury and the possible signaling 
pathway involved.

METHODS: Balb/c mice were injected intraperitoneally 
with L-arginine to induce SAP. Recombinant mouse 
IL-22 was then administered subcutaneously to mice. 
Serum amylase levels and myeloperoxidase (MPO) 
activity in the lung tissue were measured after the 
L-arginine administration. Histopathology of the pan-
creas and lung was evaluated by hematoxylin and 
eosin (HE) staining. Expression of B cell lymphoma/
leukemia-2 (Bcl-2), Bcl-xL and IL-22RA1 mRNAs in the 
lung tissue was detected by real-time PCR. Expression 
and phosphorylation of STAT3 were analyzed by 
Western blot. 

RESULTS: Serum amylase levels and MPO activity 
in the lung tissue in the SAP group were significantly 
higher than those in the normal control group (P 
< 0.05). In addition, the animals in the SAP group 
showed significant pancreatic and lung injuries. The 
expression of Bcl-2 and Bcl-xL mRNAs in the SAP group 
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Basic Study

Interleukin-22 ameliorates acute severe pancreatitis-
associated lung injury in mice



predominantly aimed at symptomatic and supportive 
treatments. Studies have shown that SAP leads to the 
overproduction of several cytokines and inflammatory 
mediators, which initiates and amplifies systemic 
inflammatory response syndrome (SIRS), resulting 
in distant organ dysfunction and the development 
of ALI[2]. The unmet need for therapies against SAP-
associated lung injury and paucity of immune response 
understanding in SAP urge us to explore the role 
of interleukin-22 (IL-22) and its possible signaling 
pathway.

IL-22 is a member of the IL-10 cytokine family with 
epithelial reparative and regenerative properties and is 
produced by T helper (Th) 22, Th1, and Th17 cells, γδ 
T cells, natural killer T (NKT) cells, and innate lymphoid 
cells (ILCs)[3]. Since its discovery in 2000[4], several 
research laboratories have made great progress in 
exploring the biology of IL-22 and the role of IL-22 has 
been identified in numerous tissues, such as the small 
intestine, liver, colon, lung, kidney, skin, thymus, and 
pancreas[3,5]. IL-22 exerts its functions by binding to a 
transmembrane receptor complex that is composed of 
two different subunits: IL-22 receptor subunit alpha-1 
(IL-22RA1) and IL-10R2[6]. IL-22 receptor activation 
leads to signal transducer and activator of transcription 
(STAT) 3-mediated proliferative and anti-apoptotic 
pathway signaling, as well as antimicrobial induction 
that helps prevent damage and aid tissue repair[5,7]. 
Treatment with IL-22, via the activation of STAT3, 
alleviates tissue destruction, promotes intestinal 
epithelial cell proliferation and survival, and accelerates 
mucosal wound healing during dextran sodium 
sulfate (DSS)-induced colitis[8], and contributes to the 
recovery of goblet cell mucus and rapid amelioration of 
local intestinal inflammation in Th2-mediated colitis[9]. 
Similarly, IL-22 is a survival factor for hepatocytes in 
D-galactosamine (GalN)/lipopolysaccharide (LPS)-
induced acute liver failure[10] and has a protective 
role against acute kidney injury induced by ischemia-
reperfusion in mice[11]. In addition, IL-22 can also 
protect mice against acute pancreatitis induced by 
caerulein and by choline-deficient diet supplemented 
with DL-ethionine (CDE)[12]. However, no reports have 
described the effects of IL-22 on SAP-associated lung 
injury. The purpose of this study was to examine 
whether IL-22 could protect mice against SAP-
associated lung injury induced by L-arginine and its 
possible signaling pathway.

MATERIALS AND METHODS
Experimental animals
Male Balb/c mice weighing 18-22 g were provided 
by the Experimental Animal Center of Shandong 
University (China). All animals were fed laboratory 
chow, given water ad libitum, and maintained in plastic 
cages at a constant temperature of 23 ℃ ± 2 ℃ and 
a relative humidity of 55% ± 2% under a 12 h/12 
h light-dark cycle for one week prior to performing 
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was decreased markedly, while the IL-22RA1 mRNA 
expression was increased significantly relative to the 
normal control group (P < 0.05). Pretreatment with PBS 
did not significantly affect the serum amylase levels, 
MPO activity or expression of Bcl-2, Bcl-xL or IL-22RA1 
mRNA (P > 0.05). Moreover, no significant differences 
in the degrees of pancreatic and lung injuries were 
observed between the PBS and SAP groups. However, 
the serum amylase levels and lung tissue MPO activity 
in the rIL-22 group were significantly lower than those 
in the SAP group (P  < 0.05), and the injuries in the 
pancreas and lung were also improved. Compared 
with the PBS group, rIL-22 stimulated the expression 
of Bcl-2, Bcl-xL and IL-22RA1 mRNAs in the lung (P 
< 0.05). In addition, the ratio of p-STAT3 to STAT3 
protein in the rIL-22 group was significantly higher than 
that in the PBS group (P < 0.05).

CONCLUSION: Exogenous recombinant IL-22 protects 
mice against L-arginine-induced SAP-associated lung 
injury by enhancing the expression of anti-apoptosis 
genes through the STAT3 signaling pathway.

Key words: Interleukin-22; Acute severe pancreatitis; 
Lung injury; Anti-apoptosis gene; Signal transducer and 
activator of transcription 3

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Interleukin-22 (IL-22) is recognized today as 
a key player in the antimicrobial defense, regeneration, 
and protection against damage. However, no reports 
have described the effects of IL-22 on acute severe 
pancreatitis (SAP)-associated lung injury. In this study, 
we found that IL-22 alleviated SAP-associated lung 
injury in mice by enhancing the expression of anti-
apoptosis genes, such as Bcl-2 and Bcl-xL, through 
the STAT3 signaling pathway. Therefore, IL-22 and 
the components of STAT3 signaling pathway may be 
promising targets in the treatment of SAP-associated 
lung injury.

Qiao YY, Liu XQ, Xu CQ, Zhang Z, Xu HW. Interleukin-22 
ameliorates acute severe pancreatitis-associated lung injury in 
mice. World J Gastroenterol 2016; 22(21): 5023-5032  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i21/5023.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.i21.5023

INTRODUCTION
Acute lung injury (ALI) is the most common and 
serious extrapancreatic complication of acute severe 
pancreatitis (SAP) and also represents a dominant 
contribution to high morbidity and mortality rates[1]. 
However, the mechanism underlying the pathogenesis 
of SAP-induced ALI remains poorly understood. 
Current therapeutic approaches are limited, and 



the experiments. All experiments were performed 
according to the guidelines of the Shandong University 
Institutional Animal Care and Use Committee (IACUC).

Animal model of SAP and treatments 
A total of 72 male Balb/c mice were deprived of 
food and received only water 12 h before the trial 
commenced. The mice were randomly assigned to 
four groups: normal control group (n = 12), SAP 
group (n = 36), treatment control group (phosphate-
buffered saline (PBS) group, n = 12) and treatment 
group [recombinant IL-22 (rIL-22) group, n = 12]. 
Mice in the SAP, PBS and rIL-22 groups were injected 
intraperitoneally (ip) twice with 20% L-arginine 
hydrochloride (Sigma-Aldrich; pH = 7.0, 4 g/kg 
bodyweight), at an interval of 1 h. The normal control 
group received physiological saline injections. PBS or 
rIL-22 (Miltenyi Biotech) (200 ng/per, 5 times) was 
administered subcutaneously to mice in the PBS and 
rIL-22 groups (Figure 1). Mice in the SAP group were 
killed at 24 h, 48 h, and 72 h after the administration 
of L-arginine. The remaining mice were sacrificed 72 h 
after the L-arginine injection.

Serum amylase detection
Mice were thoroughly anesthetized with ether. Orbital 
blood was collected and stored at -80 ℃ until analysis. 
Serum amylase levels were measured using an 
automatic biochemical analyzer.

Determination of myeloperoxidase activity in the lung
The left upper lobe of the lung was harvested and stored 
at -80 ℃ until assessment. Cryopreserved tissue 
samples were homogenized, and myeloperoxidase 
(MPO) activities were measured with MPO detection 
assay kits following the manufacturer’s instructions 
(Jiancheng Company, Nanjing, China). MPO, a mark of 
neutrophil accumulation and activation, was expressed 
as activity units per gram of lung tissue. 

Pathological examinations
The head of the pancreas and right upper lobe of 
the lung were harvested from each mouse and 
immediately fixed in 10% buffered formalin overnight. 
Samples were embedded in paraffin wax and cut into 
4 μm sections. The sections were flattened, mounted, 
and heated on blank glass slides. After deparaffinization 
and dehydration, the sections were stained with 

hematoxylin and eosin (HE). Pathological examinations 
were performed by a blinded, unbiased pathologist. 
The severity of pancreas injury was evaluated based 
on pancreatic tissue edema, hemorrhage, necrosis and 
infiltration of inflammation cells. The severity of lung 
injury was measured according to alveolar congestion, 
necrosis, hemorrhage, leucocyte infiltration, and 
thickness of the alveolar membrane. 

Real-time polymerase chain reaction
B cell lymphoma/leukemia-2 (Bcl-2), B cell lympho-
ma/leukemia-extra large (Bcl-xL) and IL-22RA1 
mRNA expression levels in the lung tissue were 
detected by real-time polymerase chain reaction 
(PCR). Total RNA was isolated from the frozen lung 
tissue using Trizol reagent (Takara Bio Inc., Japan) 
following the manufacturer’s instructions. RNA purity 
was tested using a spectrophotometer (Nanodrop 
Technologies, Wilmington, DE). Reverse transcription-
PCR amplification was performed according to the 
illustrations of the PrimeScriptTM RT Reagent Kit 
(Takara Bio Inc., Japan) with genomic deoxyribonucleic 
acid (gDNA) Eraser (Perfect Real Time). Real-
time PCR was conducted using the Lightcycler480 
(Roche). The primer sequences were as follows: 
Bcl-2: forward, 5’-TGAAGCGGTCCGGTGGATA-3’, 
reverse, 5’-CAGCATTTGCAGAAGTCCTGTGA-3’; Bcl-
xL: forward, 5’-GAGGCAGGCGATGAGTTG-3’, reverse, 
5’-ACGATGCGACCCCAGTTT-3’; IL-22RA1: forward, 
5’-TCTGGGCTACAAATACATCACCAAG-3’, reverse, 
5’-GGCCACTGAGGTCCAAGACA-3’; glyceraldehyde-
3-phosphate dehydrogenase (GAPDH): forward, 
5’-AAATGGTGAAGGTCGGTGTGAAC-3’, reverse, 
5’-CAACAATCTCCACTTTGCCACTG-3’. The cycle 
conditions were as follows: cDNA denaturation at 
95 ℃ for 2 min, followed by 40 cycles of denaturation 
at 95 ℃ for 10 s, annealing at 60 ℃ for 30 s, and 
extension at 72 ℃ for 30 s. The specificity of the 
product was assessed from a melting curve analysis. 
Results were standardized using GAPDH, and relative 
amounts were then calculated according to a 2-ΔΔCT 
method. 

Western blot analysis
Lung tissue (0.5 g) was ground rapidly in liquid 
nitrogen to provide 1 mL homogenate (including a 
protease inhibitor cocktail), which was diluted 20-fold 
with the radio-immunoprecipitation assay (RIPA) 
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Figure 1  Time points of PBS or recombinant interleukin-22 injection. PBS: Phosphate-buffered saline; rIL-22: Recombinant interleukin-22.
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serum amylase level partially recovered. No significant 
decrease was found in the PBS group relative to the 
SAP group at 72 h after the injection (P > 0.05). 
However, the rIL-22 group was markedly lower than 
SAP group at 72 h after the injection (P < 0.05).

Myeloperoxidase activity analysis
As demonstrated in Figure 2B, a gradual increase over 
time (24, 48, and 72 h after the injection of L-arginine) 
was observed in the lung MPO activities relative to 
the normal control group (P < 0.05). Pretreatment 
with PBS did not significantly affect the MPO activity 
compared to the SAP group at 72 h after the injection 
(P > 0.05). In contrast, rIL-22 significantly decreased 
the MPO activity compared with the SAP group at 72 h 
after the injection.

Histomorphology of the pancreas
Macroscopically, the pancreas was edematous 24 and 
48 h after the L-arginine administration. By contrast, 
the pancreas shrank, with many saponification spots 
on the omentum majus and mesentery, intestinal 
cavity expanding and bloody ascites, 72 h after the 
injection of L-arginine and pretreatment with PBS. 
Under the light microscope, mice in the SAP group 
24 h after L-arginine injection exhibited interstitial 
edema and infiltration of a small number of neutrophils 
and mononuclear cells. The acinar architecture 
and integrity were partially destroyed with focal 
parenchyma necrosis and hemorrhage. The vascular 
and pancreatic ductal structures appeared undamaged 
(Figure 3B). At 48 h, interstitial edema, inflammatory 
cellular infiltration, parenchyma necrosis and 
hemorrhage were significantly aggravated (Figure 3C). 
The severity of pancreatic destruction became maximal 
72 h after L-arginine administration. About 70%-80% 
of the pancreatic acinar cells had been destroyed 
and replaced by inflammatory and fibrotic cells. The 
pancreatic ducts were expanded and appeared more 

efficient cracking liquid (Beyotime Biotech, China) and 
transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore Biotechnology Inc., United States) 
after being separated on precast 10% sodium dodecyl 
sulfate-polyacrylamide gels (SDS-PAGE) (Beyotime 
Biotech, China). The membranes were blocked with 5% 
non-fat dry milk for 1 h. Primary rabbit monoclonal anti-
STAT3 (1:2000) and phospho-STAT3Tyr705 (p-STAT3Tyr705) 
(1:2000) antibodies (Cell Signaling, Beverly, MA, 
United States) were then added and incubated 
overnight on a rotating wheel at 4 ℃. The membranes 
were washed three times with tris-buffered saline with 
tween-20 (TBST) and incubated with a horseradish 
peroxidase-conjugated secondary antibody (1:2000) 
for 1 h at room temperature. Finally, the membranes 
were detected with an enhanced chemiluminescence 
reagent (ECL, Millipore Biotechnology Inc., United 
States). Band densities were measured using ImageJ 
Analysis Software. β-actin served as an internal control 
protein.

Statistical analysis
The data are presented as the mean ± SD and were 
statistically analyzed using SPSS version 20.0 software. 
The statistical differences between multiple groups 
were determined using one-way analysis of variance. 
Comparisons between the two groups were conducted 
using an unpaired t-test. A P-value < 0.05 was con-
sidered statistically significant. Statistical graphs were 
generated with GraphPad Prism 5 software.

RESULTS
Serum levels of amylase
As indicated in Figure 2A, compared with the normal 
control group, the level of serum amylase in the SAP 
group was increased markedly (P < 0.05). The highest 
level of serum amylase was detected at 48 h after 
the injection of L-arginine. At 72 h after injection, the 
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Figure 2  Serum amylase (A) and activity of lung myeloperoxidase (B). Numbers of cases from each group statistically analyzed are 12 (Normal control), 9 (SAP 
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numerous because of a decrease in acini and shrinkage 
of the pancreatic tissue (Figure 3D). Compared with 
the SAP group, PBS did not significantly reduce the 
pancreatic injury (Figure 3E). However, the mice in the 
rIL-22 group showed milder interstitial edema, acinar 
cell necrosis and cellular infiltration (Figure 3F).

Histomorphology of the lung
The macroscopic view of the lung showed significant 
edema and hemorrhage in the SAP and PBS groups. 
By contrast, pulmonary edema and hemorrhage in 
the rIL-22 group were not obvious. H&E staining 
showed no observable signs of lung damage in the 
normal control group (Figure 4A). The lungs of the 
mice showed no significant swelling, inflammation or 
necrosis 24 h and 48 h after the L-arginine injection 
(Figure 4B and D). However, interstitial edema, patchy 

hemorrhage, thickened alveolar interstitium and infil-
tration of inflammatory cells were markedly observed 
72 h after the L-arginine injection (Figure 4D). No 
significant difference in the degree of lung injury was 
found between the PBS and SAP groups at 72 h (Figure 
4E). In contrast, pretreatment with rIL-22 significantly 
reduced the degrees of edema, alveolar congestion 
and infiltration of inflammatory cells compared with 
the SAP group at 72 h (Figure 4F).

Bcl-2, Bcl-xL and IL-22R1 mRNA expression in lung 
tissue 
Compared with the normal control group, the ex-
pression of Bcl-2 and Bcl-xL mRNAs in the lung tissue 
in the SAP group showed a significant decrease at 48 
h and 72 h after the L-arginine injection (P < 0.05). 
However, no significant decrease was found at 24 
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Figure 3  Hematoxylin and eosin staining of the pancreas. Normal control group (A), SAP group (B: 24 h after L-arginine injection; C: 48 after L-arginine injection; 
D: 72 h after L-arginine injection), PBS group (E) and rIL-22 group (F). Original magnification × 200. SAP: Acute severe pancreatitis; PBS: Phosphate-buffered saline; 
rIL-22: Recombinant interleukin-22.
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h after the injection relative to the normal control 
group (P > 0.05, Figure 5A and B). IL-22RA1 mRNA 
expression significantly increased in the SAP group 
relative to that in the normal control group (P < 0.05). 
The lowest expression level was detected at 48 h after 
the L-arginine injection (Figure 5C). 

Exogenous IL-22 promotes lung anti-apoptosis gene 
expression
As demonstrated in Figure 5D, rIL-22 stimulated the 
expression of Bcl-2 and Bcl-xL mRNAs, which play a 
key role in preventing cells from apoptosis involved in 
tissue regeneration (P < 0.05). In addition, IL-22RA1 
expression in the rIL-22 group was also significantly 
higher than that in the PBS group (P < 0.05).

STAT3 is involved in the protective role of IL-22 in SAP-
associated lung injury
STAT3 activation in the lung tissue in rIL-22 group was 
higher than that in the PBS group. However, there was 
no significant difference between the two groups as to 
the STAT3 expression (Figure 6A). The ratio of p-STAT3 
to STAT3 protein in the rIL-22 group was significantly 
higher than that of the PBS group (P < 0.05, Figure 
6B).

DISCUSSION
SAP is a life-threatening disease characterized by 
obvious inflammatory reactions and its morbidity 
has been reported to be increasing continually in 
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Figure 4  Hematoxylin-eosin staining of the lung. Normal control group (A), SAP group (B: 24 h after L-arginine injection; C: 48 h after L-arginine injection; D: 72 h 
after L-arginine injection), PBS group (E) and rIL-22 group (F). Original magnification × 200. SAP: Acute severe pancreatitis; PBS: Phosphate-buffered saline; rIL-22: 
Recombinant interleukin-22.
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recent years. Acinar necrosis-induced inflammation 
can lead to the occurrence of SIRS at an early stage 
which determines the severity of acute pancreatitis 
and can induce multiple organ dysfunction syndrome 
(MODS). ALI is the most prominent extra-pancreatic 
complication of SAP, and its severity ranges from 
mild hypoxemia to severe acute respiratory distress 
syndrome (ARDS) which is responsible for the high 
mortality rate[1,13]. Recent studies have indicated that 
the activation of numerous inflammatory cells, such 
as neutrophils and macrophages, leads to excessive 
production of cytokines and inflammatory mediators, 
regulating the severity of acute pancreatitis and SAP-
associated ALI[2,14]. An ideal model for studying SAP 
and its associated multiple organ dysfunction should 
resemble the course in the human clinical setting, 
be easily reproducible and severe enough to induce 
MODS, yet still has a time window long enough for 
an intervention. In our experiment, the mouse SAP 
model induced by the L-arginine injection is compatible 
with the clinical manifestations of SAP, including lung 
damage. The serum amylase levels and lung tissue 
MPO activity were increased significantly after the 

L-arginine administration. In addition, the animals in 
the SAP group showed obvious pancreatic and lung 
injuries.

IL-22, formerly named IL-10-related T–cell-
derived inducible factor (IL-TIF)[4], has recently gained 
considerable interest for its tissue protective effects 
in several murine models. At present, most studies 
support a well-established protective role for IL-22 in 
the prevention of hepatocellular damage. Specifically, 
application of recombinant IL-22 remarkedly atte-
nuates murine liver injury induced by concanavalin A, 
alcohol, acetaminophen, hepatectomy or ischemia-
reperfusion[15-19]. Furthermore, provision of IL-22 also 
ameliorates high fat diet-induced liver lipogenesis and 
hepatic steatosis[20] and decreases hepatic fibrosis 
in mice[21]. In addition to the protective effects of 
IL-22 on the liver, the benefits of IL-22 application on 
other targets are also well testified. Administration 
of IL-22 contributes to the tissue protection and 
regeneration in murine models of mucocutaneous 
infection[22-25], ventilator-induced lung injury[26], renal 
ischemia-reperfusion injury[27] and inflammatory bowel 
disease[28]. However, it was unknown whether IL-22 
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also plays a protective role in SAP-induced ALI. In the 
present study, we found that the rIL-22-treated mice 
had significantly lower MPO activity in the lungs than 
in the untreated SAP mice. Moreover, when compared 
to the untreated SAP mice, the rIL-22-treated mice 
showed significantly reduced degrees of edema, 
alveolar congestion, thickness of the alveolar wall and 
infiltration of inflammatory cells in the lung injury. Our 
results are in agreement with the previous findings 
and demonstrate that rIL-22 may be beneficial to the 
recovery of SAP-associated lung injury induced by 
L-arginine.

IL-22 is an important cytokine allowing for cross-
talk between leukocytes and epithelial cells because 
IL-22 production and receptor expression are restricted 
to leukocytes and epithelial cells, respectively[3,29]. 
Ligation of the IL-22-IL-22R1-IL-10R2 complex leads 
to the activation of the JAK1/Tyk2/STAT3 pathway 
which is known as the principal and dominant me-
chanism of cellular activation by IL-22[7,8]. Of the 
cellular tasks associated with STAT3, anti-apoptosis, 
proliferation and regeneration are the major biological 
properties of IL-22[30,31]. Apoptosis is recognized as 
“programmed cell death”. Excessive apoptosis probably 
leads to lung dysfunction in pathological situations. 
There are increasing data indicating that increased 
epithelial/endothelial cell apoptosis is involved in the 
pathogenesis of ALI[32-34]. The signal transduction 
mechanisms of apoptosis are very complex, and the 
anti-apoptosis pathway is associated with genes whose 

functions include “death receptors” and apoptotic 
regulation. Apoptosis-inducing genes include p53, 
factor associated suicide (Fas), interlukin-1β-converting 
enzyme (ICE), reaper (rpr), Bcl-xs, Bcl-2 associated X 
protein (Bax), Bcl-2 homologous antagonist killer (Bak), 
Bcl-2/ Bcl-2-XL-associated death promoter (Bad), Bcl-2 
inhibitory BH3 domain-containing protein (bid), and 
Bcl-2 interacting killer (bik). Genes that inhibit apoptosis 
include Bcl-2, the inhibitor of apoptosis protein (IAP) 
family, Bcl-xl, Bcl-2 related protein A1 (A1)/Bfl1, Bcl-w, 
myeloid cell leukemia (Mcl), and Bcl-2-associated 
athanogene 1 (BAG-1)[35,36]. Bcl-2 is involved in the 
transduction of the intrinsic mitochondria pathway[37]. 
IL-22 up-regulates STAT3-inducible proteins, such as 
Bcl-2, Bcl-xL, cyclin-dependent kinase 4 (CDK4), cyclin 
D1, cellular-myelocytomatosis viral oncogene (c-myc), 
and p21[15,19,21,38-40], and is associated with tissue 
protection and regeneration from injury. Along with 
the activation of extracellular regulated protein kinases 
(ERK) 1/2[41] and Akt/protein kinase B (PKB)[42], these 
pro-survival proteins are likely to form the cellular 
basis for tissue protective characteristics of IL-22. In 
this study, we examined the expression of IL-22RA1 
in the lung of mice with SAP. Interestingly, the level of 
IL-22R1 expression increased at first and decreased 
later after the L-arginine administration. This finding 
indicates that IL-22RA1 expression is stress inducible. 
Based on the high expression of IL-22RA1, we hypo-
thesized that the lung would respond strongly to 
an IL-22 administration. To test this hypothesis, we 
administered rIL-22 systemically to mice and assessed 
the IL-22 downstream signaling pathway. Consistent 
with our hypothesis, the lung expression of Bcl-2 
and Bcl-xL, downstream targets of STAT3 activation, 
was decreased significantly in mice with SAP, but 
was interestingly elevated after rIL-22 treatment. 
Similarly, IL-22RA1 was also increased after rIL-22 
administration. In addition, significant STAT3 activation 
was observed in the lung after the exogenous IL-22 
administration. These data indicate that the mice with 
SAP-associated lung injury were responsive to rIL-22 
administration by enhancing the expression of anti-
apoptosis genes through the STAT3 signaling pathway.

Taken together, these findings indicate that syste-
mic administration of rIL-22 can alleviate the SAP-
associated ALI in mice by enhancing the expression of 
anti-apoptosis genes, such as Bcl-2 and Bcl-xL. While 
the underlying mechanism of IL-22 in protection against 
SAP-associated lung injury is not fully understood, our 
findings demonstrate that the STAT3 signaling pathway 
may be associated with this process. Therefore, IL-22 
and the components of STAT3 signaling pathway 
may be promising targets in the treatment of SAP-
associated lung injury.
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Figure 6  Western blot analysis of expression and activation (Tyr705 
phosphorylation) of STAT3 protein in lung tissue (A) and the ratio of 
p-STAT3Tyr705 to STAT3 protein (B). Numbers of cases from each group 
statistically analyzed were 8 (PBS) and 12 (rIL-22). Results are presented as 
mean ± SD. aP < 0.05 vs the PBS group. PBS: Phosphate-buffered saline; 
rIL-22: Recombinant interleukin-22; STAT3: Signal transducer and activator of 
transcription 3.
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defense, regeneration, and protection against damage. However, no reports 
have described the effects of IL-22 on acute severe pancreatitis associated lung 
injury. In this article, the authors sought to investigate the potential protective 
effect of exogenous rIL-22 on SAP associated lung injury induced by L-arginine 
and its possible signaling pathway.

Research frontiers
IL-22 is recognized today as a key player in the antimicrobial defense, 
regeneration, and protection against damage. However, no reports have 
described the effects of IL-22 on acute severe pancreatitis associated lung 
injury.

Innovations and breakthroughs
In this article, the authors investigated the potential protective effect of 
exogenous rIL-22 on SAP associated lung injury induced by L-arginine and its 
possible signaling pathway. IL-22 was demonstrated to alleviate acute severe 
pancreatitis-associated acute lung injury in mice by enhancing the expression 
of anti-apoptosis genes such as Bcl-2 and Bcl-xL through the STAT3 signaling 
pathway.

Applications
IL-22 and the components of STAT3 signaling pathway may be promising 
targets in the treatment of acute severe pancreatitis associated lung injury.

Terminology
IL-22, a member of the IL-10 family, is a cytokine secreted by several types of 
immune cells such as T helper (Th) 22, Th1, and Th17 cells, γδ T cells, natural 
killer T cells, and innate lymphoid cells. It is a principal component in mucosal 
barrier defense, tissue repair, epithelial cell survival, and proliferation. 

Peer-review
The authors show that recombinant IL-22 protected the mice against L-arginine-
induced SAP and associated lung injury by enhancing the expression of anti-
apoptosis genes. The work is very innovative and is an indication for further 
research on the problem of complications of acute pancreatitis.

REFERENCES
1 Renzulli P, Jakob SM, Täuber M, Candinas D, Gloor B. Severe 

acute pancreatitis: case-oriented discussion of interdisciplinary 
management. Pancreatology 2005; 5: 145-156 [PMID: 15849485 
DOI: 10.1159/000085266]

2 Yang ZW, Meng XX, Xu P. Central role of neutrophil in the 
pathogenesis of severe acute pancreatitis. J Cell Mol Med 2015; 
19: 2513-2520 [PMID: 26249268 DOI: 10.1111/jcmm.12639]

3 Dudakov JA, Hanash AM, van den Brink MR. Interleukin-22: 
immunobiology and pathology. Annu Rev Immunol 2015; 33: 747-785 
[PMID: 25706098 DOI: 10.1146/annurev-immunol-032414-112123]

4 Dumoutier L, Louahed J, Renauld JC. Cloning and characte-
rization of IL-10-related T cell-derived inducible factor (IL-TIF), 
a novel cytokine structurally related to IL-10 and inducible by 
IL-9. J Immunol 2000; 164: 1814-1819 [PMID: 10657629 DOI: 
10.4049/jimmunol.164.4.1814]

5 Mühl H, Scheiermann P, Bachmann M, Härdle L, Heinrichs A, 
Pfeilschifter J. IL-22 in tissue-protective therapy. Br J Pharmacol 
2013; 169: 761-771 [PMID: 23530726 DOI: 10.1111/bph.12196]

6 Sabat R, Ouyang W, Wolk K. Therapeutic opportunities of the IL-
22-IL-22R1 system. Nat Rev Drug Discov 2014; 13: 21-38 [PMID: 
24378801 DOI: 10.1038/nrd4176]

7 Lejeune D, Dumoutier L, Constantinescu S, Kruijer W, Schuringa 
JJ, Renauld JC. Interleukin-22 (IL-22) activates the JAK/STAT, 
ERK, JNK, and p38 MAP kinase pathways in a rat hepatoma cell 
line. Pathways that are shared with and distinct from IL-10. J Biol 
Chem 2002; 277: 33676-33682 [PMID: 12087100 DOI: 10.1074/
jbc.M204204200]

8 Pickert G, Neufert C, Leppkes M, Zheng Y, Wittkopf N, Warntjen 
M, Lehr HA, Hirth S, Weigmann B, Wirtz S, Ouyang W, Neurath 

MF, Becker C. STAT3 links IL-22 signaling in intestinal epithelial 
cells to mucosal wound healing. J Exp Med 2009; 206: 1465-1472 
[PMID: 19564350 DOI: 10.1084/jem.20082683]

9 Sugimoto K, Ogawa A, Mizoguchi E, Shimomura Y, Andoh 
A, Bhan AK, Blumberg RS, Xavier RJ, Mizoguchi A. IL-22 
ameliorates intestinal inflammation in a mouse model of ulcerative 
colitis. J Clin Invest 2008; 118: 534-544 [PMID: 18172556 DOI: 
10.1172/JCI33194]

10 Xing WW, Zou MJ, Liu S, Xu T, Gao J, Wang JX, Xu DG. Hepato-
protective effects of IL-22 on fulminant hepatic failure induced by 
d-galactosamine and lipopolysaccharide in mice. Cytokine 2011; 
56: 174-179 [PMID: 21843953 DOI: 10.1016/j.cyto.2011.07.022]

11 Kulkarni OP, Hartter I, Mulay SR, Hagemann J, Darisipudi 
MN, Kumar Vr S, Romoli S, Thomasova D, Ryu M, Kobold S, 
Anders HJ. Toll-like receptor 4-induced IL-22 accelerates kidney 
regeneration. J Am Soc Nephrol 2014; 25: 978-989 [PMID: 
24459235 DOI: 10.1681/ASN.2013050528]

12 Xue J, Nguyen DT, Habtezion A. Aryl hydrocarbon receptor 
regulates pancreatic IL-22 production and protects mice from acute 
pancreatitis. Gastroenterology 2012; 143: 1670-1680 [PMID: 
23022954 DOI: 10.1053/j.gastro.2012.08.051]

13 Elder AS , Saccone GT, Dixon DL. Lung injury in acute 
pancreatitis: mechanisms underlying augmented secondary injury. 
Pancreatology 2012; 12: 49-56 [PMID: 22487475 DOI: 10.1016/
j.pan.2011.12.012]

14 Merza M, Hartman H, Rahman M, Hwaiz R, Zhang E, Renström 
E, Luo L, Mörgelin M, Regner S, Thorlacius H. Neutrophil 
Extracellular Traps Induce Trypsin Activation, Inflammation, 
and Tissue Damage in Mice With Severe Acute Pancreatitis. 
Gastroenterology 2015; 149: 1920-1931.e8 [PMID: 26302488 
DOI: 10.1053/j.gastro.2015.08.026]

15 Radaeva S, Sun R, Pan HN, Hong F, Gao B. Interleukin 22 (IL-22) 
plays a protective role in T cell-mediated murine hepatitis: IL-22 is 
a survival factor for hepatocytes via STAT3 activation. Hepatology 
2004; 39: 1332-1342 [PMID: 15122762 DOI: 10.1002/hep.20184]

16 Ki SH, Park O, Zheng M, Morales-Ibanez O, Kolls JK, Bataller R, 
Gao B. Interleukin-22 treatment ameliorates alcoholic liver injury 
in a murine model of chronic-binge ethanol feeding: role of signal 
transducer and activator of transcription 3. Hepatology 2010; 52: 
1291-1300 [PMID: 20842630 DOI: 10.1002/hep.23837]

17 Scheiermann P, Bachmann M, Goren I, Zwissler B, Pfeilschifter 
J, Mühl H. Application of interleukin-22 mediates protection in 
experimental acetaminophen-induced acute liver injury. Am J 
Pathol 2013; 182: 1107-1113 [PMID: 23375450 DOI: 10.1016/
j.ajpath.2012.12.010]

18 Ren X, Hu B, Colletti LM. IL-22 is involved in liver regeneration 
after hepatectomy. Am J Physiol Gastrointest Liver Physiol 2010; 
298: G74-G80 [PMID: 19875704 DOI: 10.1152/ajpgi.00075.2009]

19 Chestovich PJ, Uchida Y, Chang W, Ajalat M, Lassman C, Sabat 
R, Busuttil RW, Kupiec-Weglinski JW. Interleukin-22: implications 
for liver ischemia-reperfusion injury. Transplantation 2012; 93: 
485-492 [PMID: 22262131 DOI: 10.1097/TP.0b013e3182449136]

20 Yang L, Zhang Y, Wang L, Fan F, Zhu L, Li Z, Ruan X, Huang 
H, Wang Z, Huang Z, Huang Y, Yan X, Chen Y. Amelioration of 
high fat diet induced liver lipogenesis and hepatic steatosis by 
interleukin-22. J Hepatol 2010; 53: 339-347 [PMID: 20452699 
DOI: 10.1016/j.jhep.2010.03.004]

21 Kong X, Feng D, Wang H, Hong F, Bertola A, Wang FS, Gao B. 
Interleukin-22 induces hepatic stellate cell senescence and restricts 
liver fibrosis in mice. Hepatology 2012; 56: 1150-1159 [PMID: 
22473749 DOI: 10.1002/hep.25744]

22 Aujla SJ, Chan YR, Zheng M, Fei M, Askew DJ, Pociask DA, 
Reinhart TA, McAllister F, Edeal J, Gaus K, Husain S, Kreindler 
JL, Dubin PJ, Pilewski JM, Myerburg MM, Mason CA, Iwakura 
Y, Kolls JK. IL-22 mediates mucosal host defense against Gram-
negative bacterial pneumonia. Nat Med 2008; 14: 275-281 [PMID: 
18264110 DOI: 10.1038/nm1710]

23 Ivanov S, Renneson J, Fontaine J, Barthelemy A, Paget C, 
Fernandez EM, Blanc F, De Trez C, Van Maele L, Dumoutier L, 
Huerre MR, Eberl G, Si-Tahar M, Gosset P, Renauld JC, Sirard JC, 

5031 June 7, 2016|Volume 22|Issue 21|WJG|www.wjgnet.com

Qiao YY et al . IL-22 for SAP-induced lung injury



Faveeuw C, Trottein F. Interleukin-22 reduces lung inflammation 
during influenza A virus infection and protects against secondary 
bacterial infection. J Virol 2013; 87: 6911-6924 [PMID: 23596287 
DOI: 10.1128/JVI.02943-12]

24 Zheng Y, Valdez PA, Danilenko DM, Hu Y, Sa SM, Gong Q, 
Abbas AR, Modrusan Z, Ghilardi N, de Sauvage FJ, Ouyang W. 
Interleukin-22 mediates early host defense against attaching and 
effacing bacterial pathogens. Nat Med 2008; 14: 282-289 [PMID: 
18264109 DOI: 10.1038/nm1720]

25 Kim CJ, Nazli A, Rojas OL, Chege D, Alidina Z, Huibner S, 
Mujib S, Benko E, Kovacs C, Shin LY, Grin A, Kandel G, Loutfy 
M, Ostrowski M, Gommerman JL, Kaushic C, Kaul R. A role 
for mucosal IL-22 production and Th22 cells in HIV-associated 
mucosal immunopathogenesis. Mucosal Immunol 2012; 5: 670-680 
[PMID: 22854709 DOI: 10.1038/mi.2012.72]

26 Hoegl S, Bachmann M, Scheiermann P, Goren I, Hofstetter C, 
Pfeilschifter J, Zwissler B, Muhl H. Protective properties of 
inhaled IL-22 in a model of ventilator-induced lung injury. Am J 
Respir Cell Mol Biol 2011; 44: 369-376 [PMID: 20463292 DOI: 
10.1165/rcmb.2009-0440OC]

27 Xu MJ , Feng D, Wang H, Guan Y, Yan X, Gao B. IL-22 
ameliorates renal ischemia-reperfusion injury by targeting proximal 
tubule epithelium. J Am Soc Nephrol 2014; 25: 967-977 [PMID: 
24459233 DOI: 10.1681/ASN.2013060611]

28 Zenewicz LA, Yancopoulos GD, Valenzuela DM, Murphy AJ, 
Stevens S, Flavell RA. Innate and adaptive interleukin-22 protects 
mice from inflammatory bowel disease. Immunity 2008; 29: 
947-957 [PMID: 19100701 DOI: 10.1016/j.immuni.2008.11.003]

29 Wolk K, Witte E, Witte K, Warszawska K, Sabat R. Biology of 
interleukin-22. Semin Immunopathol 2010; 32: 17-31 [PMID: 
20127093 DOI: 10.1007/s00281-009-0188-x]

30 Jarnicki A, Putoczki T, Ernst M. Stat3: linking inflammation to 
epithelial cancer - more than a “gut” feeling? Cell Div 2010; 5: 14 
[PMID: 20478049 DOI: 10.1186/1747-1028-5-14]

31 Wang H, Lafdil F, Kong X, Gao B. Signal transducer and activator 
of transcription 3 in liver diseases: a novel therapeutic target. Int 
J Biol Sci 2011; 7: 536-550 [PMID: 21552420 DOI: 10.7150/
ijbs.7.536]

32 Bai X, Fan L, He T, Jia W, Yang L, Zhang J, Liu Y, Shi J, Su L, 
Hu D. SIRT1 protects rat lung tissue against severe burn-induced 
remote ALI by attenuating the apoptosis of PMVECs via p38 
MAPK signaling. Sci Rep 2015; 5: 10277 [PMID: 25992481 DOI: 

10.1038/srep10277]
33 Saxon JA, Cheng DS, Han W, Polosukhin VV, McLoed AG, 

Richmond BW, Gleaves LA, Tanjore H, Sherrill TP, Barham W, 
Yull FE, Blackwell TS. p52 Overexpression Increases Epithelial 
Apoptosis, Enhances Lung Injury, and Reduces Survival after 
Lipopolysaccharide Treatment. J Immunol 2016; 196: 1891-1899 
[PMID: 26773153 DOI: 10.4049/jimmunol.1501555]

34 Gill SE, Rohan M, Mehta S. Role of pulmonary microvascular 
endothelial cell apoptosis in murine sepsis-induced lung injury in 
vivo. Respir Res 2015; 16: 109 [PMID: 26376777 DOI: 10.1186/
s12931-015-0266-7]

35 Fauvet R, Dufournet C, Poncelet C, Uzan C, Hugol D, Daraï E. 
Expression of pro-apoptotic (p53, p21, bax, bak and fas) and anti-
apoptotic (bcl-2 and bcl-x) proteins in serous versus mucinous 
borderline ovarian tumours. J Surg Oncol 2005; 92: 337-343 
[PMID: 16299808 DOI: 10.1002/jso.20424]

36 Gómez-Navarro J, Arafat W, Xiang J. Gene therapy for carcinoma 
of the breast: Pro-apoptotic gene therapy. Breast Cancer Res 2000; 
2: 32-44 [PMID: 11250691 DOI: 10.1186/bcr27]

37 Chen QY, Lu GH, Wu YQ, Zheng Y, Xu K, Wu LJ, Jiang ZY, Feng 
R, Zhou JY. Curcumin induces mitochondria pathway mediated cell 
apoptosis in A549 lung adenocarcinoma cells. Oncol Rep 2010; 23: 
1285-1292 [PMID: 20372842 DOI: 10.3892/or_00000762]

38 Sonnenberg GF, Fouser LA, Artis D. Functional biology of the 
IL-22-IL-22R pathway in regulating immunity and inflammation at 
barrier surfaces. Adv Immunol 2010; 107: 1-29 [PMID: 21034969 
DOI: 10.1016/B978-0-12-381300-8.00001-0]

39 Feng D, Park O, Radaeva S, Wang H, Yin S, Kong X, Zheng M, 
Zakhari S, Kolls JK, Gao B. Interleukin-22 ameliorates cerulein-
induced pancreatitis in mice by inhibiting the autophagic pathway. 
Int J Biol Sci 2012; 8: 249-257 [PMID: 22253568 DOI: 10.7150/
ijbs.3967]

40 Pan H, Hong F, Radaeva S, Gao B. Hydrodynamic gene delivery 
of interleukin-22 protects the mouse liver from concanavalin A-, 
carbon tetrachloride-, and Fas ligand-induced injury via activation 
of STAT3. Cell Mol Immunol 2004; 1: 43-49 [PMID: 16212920]

41 Wortzel I, Seger R. The ERK Cascade: Distinct Functions within 
Various Subcellular Organelles. Genes Cancer 2011; 2: 195-209 
[PMID: 21779493 DOI: 10.1177/1947601911407328]

42 Zhang X, Tang N, Hadden TJ, Rishi AK. Akt, FoxO and regulation 
of apoptosis. Biochim Biophys Acta 2011; 1813: 1978-1986 [PMID: 
21440011 DOI: 10.1016/j.bbamcr.2011.03.010]

P- Reviewer: Kleeff J, Sliwinska-Mosson M    S- Editor: Gong ZM    
L- Editor: Wang TQ    E- Editor: Ma S

5032 June 7, 2016|Volume 22|Issue 21|WJG|www.wjgnet.com

Qiao YY et al . IL-22 for SAP-induced lung injury



                                      © 2016 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

2  1


	5023.pdf
	WJGv22i21-Back Cover.pdf

