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Abstract

article is in whole, unmodified, and properly cited.

Pancreatitioccurs when digestive enzymes are activated in the pancreas. Severe pancreatitis
has a 180% mortality rate. No specific treatments for pancreatitis exist now. Here, we
discovered that interleuki22 (1L.-22) may have therapeutic potential in treating &cand
chronic pancreatitis. Wildype and 1L22 knockout mice were equally susceptible to wer
leirrinduced acute and chronic pancreatitis, whereas-sgcific [E22 transgenic mice were
completely resistant to ceruleimduced elevation of serum digesienzymes, pancreatic
necrosis and apoptosis, and inflammatory cell infiltration. Treatment oftyplel mice with
recombinant I1L22 or adenovirus H22 markedly attenuated the severity of cerul@inluced
acute and chronic pancreatitis. Mechanisticaleyshow that the protective effect of {22 on
pancreatitis was mediated via the induction of-Belnd BelX,, which bind to Beclirl and
subsequently inhibit autophagosome formation to ameliorate pancreatitis. In conclusi@n, IL
ameliorates ceruleinduced pancreatitis by inhibiting the autophagic pathwa32 ikould be

a promising therapeutic drug to treat pancreatitis.
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Introduction

Pancreatitis is inflammation of the pancreas that
can occur in acute or chronic forms [1, 2]. Acute pan-
creatitis is marked by the sudden onset of right upper
quadrant or epigastric pain, whereas chronic pancre-
atitis is characterized by a recurring or persistent ab-
dominal pain with or without steatorrhea or diabetes
mellitus [1, 2]. Alcohol consumption is a leading cause
for both acute and chronic pancreatitis, followed by
gallstones and autoimmune diseases etc[1-3]. Many
alcoholic patients develop chronic pancreatitis soon
after surviving a second attack of acute pancreatitis [3,
4]. Mild pancreatitis is usually self -limited, with less
than 5% mortality, whereas severe acute pancreatitis

is associated with 10-30% mortality [5, 6]. The current
treatment for pancreatitis is supportive and consists of
fluid and salt replacement and pain m anagement. No
specific treatments are available at this time[1, 2]. Itis
generally believed that pancreatitis is caused by the
self-digestion of pancreatic acinar cells following the
conversion of the inactive trypsinogen to the active
trypsin [1, 2, 7] However, the mechanisms underlying
the pathogenesis of pancreatitis are not fully under-
stood.

Interleukin -22 (IL-22), a recently identified type
Il cytokine that belongs to the IL -10 family [8], can be
produced by many types of cells, including Th17, odT,
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NK, and NKT cells, but it only targets epithelial cells
due to the restricted expression of IL-22R1 on these
cells [9-11]. Through binding to IL -22R1 on various
types of epithelial cells, including hepatocytes and
intestinal epithelial cells, IL -22 has keen shown to
protect against concanavalin A-induced hepatitis
[12-14], inflammatory bowel disease [15], and ulcera-
tive colitis [16]. Similarly, acinar cells, the pancreatic
epithelial cells, also express high levels of IL-22R1
[17]. However, the functions of IL-22 in acinar cells
remain largely unknown. Because IL-22 is a
well -documented survival factor for hepatocytes and
liver cancer cells [12, 14, 18] we hypothesize that
IL-22 may also protect against acinar cell death and
pancreatitis. In this paper, w e tested this hypothesis in
a model of pancreatitis induced by the injection of
cerulein. Our results reveal that IL -22 treatment ame-
liorates cerulein-induced pancreatitis by inhibiting
autophagy, suggesting that IL-22 may have therapeu-
tic potential for th e treatment of pancreatitis.

Materials and Methods
Materials

Anti -STAT3, anti-phospho-STAT3, anti-Bcl-2,
anti-LC3, anti-USP9x, antiBcl-X., and anti-Beclin-1
antibodies were obtained from Cell Signaling Tech-
nology (Danvers, MA). Anti -Mcl-1 antibody (Abcam,
Cambridge, MA), anti-VMP1 antibody (Enzo Life
Sciences, Farmingdale, NY), and anttMPO antibody
(Biocare Medical, Concord, CA) were also purchased.
IL-22 ELISA kit was obtained from R&D Systems
(Minneapolis, MN).

Mice

Liver-specific IL-22 transgenic mice in a
C57BL/6 background were generated as described
previously [14]. The IL-22TG heterozygous male mice
were bred with female C57BL/6 mice, producing a p-
proximately 50% IL -22TG heterozygous mice and 50%
WT littermate controls. All animal experiments were
approved by the NIAAA animal care and use co m-
mittee. IL-22 knockout (KO) mice on a C57BL/6
background were kindly provided by Dr. Wenjun
Ouyang (Genentech, San Francisco, California).

Histological analysis and immunohistoche m-
istry

Formalin-fixed pancreas samples were pio-
cessed, and 4mm thick paraffin sections were stained
with hematoxylin and eosin (H&E) for histological
analysis. To detect apoptotic cells, the terminal de-
oxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay was performed using a kit from
Milipore (Temecula, CA). To detect myeloperoxidase

(MPO) and Microtubule -associated protein 1A/1B -
light chain 3 (LC3), pancreassections were incubated
with primary antibodies after antigen retrieval and
visualized by DAB.

Administration of mice with IL -22 adenovirus

IL-22 adenovirus and control adenovirus -empty
vectors were made as described previously [14]. Mice
were injected intravenously (i.v.) with adenov i-
rus-IL-22 (5%1@ pfu) or adenovirus -empty vector
(5%108 pfu)

Experimental pancr eatitis

Acute pancreatitis was induced by hourly i n-
traperitoneal (i .p.) i nj
(Sigma) for 7 times as described[19]. Mice were sacti-
ficed 7 hours after the first cerulein injection. For ex-
ogenous recombinant IL-22 treatment, recombinant
IL-22 (1 ng/g) (Genescript, Piscataway, NJ) was ad-
ministered (i.p) to mice 2 hours before the first ceru-
lein injection. Chronic pancreatitis was induced by 7
hourly injections (i.p)
week for 4 weeks. Mice received adenovirus-1L-22 or
adenovirus-empty vector during the third week.

Blood chemistry

Serum amylase and lipase levels were dete-
mined using the IDEXX analyzer system (IDEXX La-
boratories, Westbrook, ME).

Western blot and immunoprecipitation

Western blots were performed as described
previously [20]. For immunoprecipitation, protein
was extracted from the pancreas of WT or IL-22TG
mice and incubated with Bcl-2 or BclX. antibodies
overnight. Protein G beads were then added and in-
cubated for 4 hours. Immunoprecipitate s were ana-
lyzed by Western blot.

Electron microscope (EM)

One-mm3 pancreatic tissue samples were fixed
with 2.5% glutaraldehyde in 0.15 M sodium caco-
dylate (pH 7.4) overnight, postfixed with 1% OsO4,
stained en bloc with 1.5% uranyl acetate, dehydrated
in ethanol, and embedded in epoxy resin. Ultrathin
sections were stained with uranyl acetate and Reyn-
old's lead citrate and examined with a Hitachi -600
electron microscope.

Statistical analysis

Data are expressed as the mearf SD. To @m-
pare values obtained from three or more groups,
one-factor analysis of variance (ANOVA) was used,
foll owed by Tukey6s post
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obtained from two gttesuvas ,
performed. Statistical significance was assumed at he
P<0.05 level.

Results

IL-22TG mice are resistant to cerulein  -induced

acute and chronic pancreatitis

To determine the effects of IL-22 on pancreatitis,
we compared cerulein-induced acute pancreatitis in
WT, IL-22KO, and IL-22TG mice. As illustrated in
Figure 1A, without cerulein treatment (phosphate
buffered saline [PBS] -treated groups), pancreas -
pearance and weight and serum amylase and lipase
levels were similar between the WT, IL-22KO, and
IL-22TG mice. Repeated injection of cerulein, which is
a decapeptide analog of cholecystokinin, increased
the pancreas and body weight ratio and serum amy!|-

ase¢ dnetlipaSetlevets énnthe W/F and 1L-22KO mice, but
not in the IL-22TG mice. In addition, as shown in

Figure 1A, serum IL-22 levels were undetectable in
the PBStreated WT and IL-22KO mice but were de-
tected at high levels in the IL-22TG mice. Repeated
injection of cerulein did not elevate serum IL -22 levels
in the WT or IL-22KO mice, nor did it affect serum

IL-22 levels in the IL-22TG mice.

The histological analyses shown in Figure 1B in-
dicate significant tissue necrosis in the cewu-
lein-treated WT and IL-22KO mice, but not in the
IL-22TG mice. The numbers of TUNEL* apoptotic
acinar cells and MPO* neutrophils were elevated in
the WT and IL-22KO mice after cerulein treatment,
whereas this elevation was barely detectable in the
cerulein-treated IL-22TG mice (Fig. 1B).

A OWT 0OIL-22KO mIL-22TG
o
§ 0.8 + 'l' = 8 ? 3 g 3
g Tk £ 6 =] o]
; 0.6 B) ‘; 2 B 2
m c = -
S 0.4 — 4 o x
& 8 1 29
g 0.2 42 & > o g
o - jun | (=) £ B ek
0! - 0 - < 04 =L - -
PBS Cerulein PBS Cerulein PBS Cerulein PBS Cerulein
B Cerulein (TUNEL)  Cerulein (MPO) OWT 0O IL-22KO
. . TSR - @ IL-22TG
.l- " .' 3 [} | : .\." 5 ‘N E3 3
5| Pels oG Ol g
‘ ﬂ"t’ "_?*'-41’ . ggs T
X+ ;, o .v ﬁ%,:. ‘;“‘ ‘: .;:.'> . - ,'lf... g 8 4
v g e £
3¢ ‘ TN W : o , 0
2 e '\._ d 10
g Vng"u Y .. %Es T
N e FEVE SR way o9
o AL o) - _;) . = 6
= “ P ,1 . o~ u g o‘. 2 24
5 4 22
. »,._.,’\-_'.s_ .’”:";; - ® 0
; A D )
% ‘.ﬁf . -— 8
(|2 “* "ﬂ y * X Z- ° 8 % 6 L
o ..‘U o.% e R
3 & VPR Dg2
= DT < Q2
’, ,\“»\ - - Lo 0 bl
L PBS Cerulein

Figure 1. IL-22TG mice are resist ant to cerulein -induced acute pancreatitis.

WT, IL-22KO, and IE22TG mice were treated

seven times with cerulein or PBS injections to induce acute pancreatitis. Mice were sacrificed one hour after the iast iffextatio

of the pancreas/body weiglsgrum levels of H22, and amylase and lipase levels were measured (A). Representative H&E staining, TUNEL

staining, and MPO staining are shown in the left panel of (B). The pathology score and the number of BdIEAPO cells are
summarized in the rigtpanel of (B). **P < 0.001 compared to ceruleitreated WT mice.Data are representative of three different
experiments, 5~7 mice in each gradp panel A, UD: undetectable.
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Figure 2. IL-22TG mice are resistant to cerulein

-induced chronic pancreatiti

or PBS injections weekly for four weeks to induce chronic pancreatitis. Mice were sacrificed one hour after the lashinftepie-

sentative H&E staining, TUNEL staining, and MPO staining are igwderun levels of amylase and lipase were measured. Bhe p

thology score and the number of TUNERnd MPO cells are summarize8). ***P<0.001 compared to ceruleitneated WT mice .Data
are representative of three different experiments, 5~7 mice in each group

We also tested the severity of ceruleininduced
chronic pancreatitis (4-week treatment) in the WT and
IL-22TG mice. As illustrated in Figure 2A, 4-week
repeated cerulein treatment markedly induced
chronic pancreatitis, as evidenced by an elevation in
serum amylase and lipase levels and of pancreatic
necrosis, TUNEL* cells, and MPO* neutrophils in the
pancreases of the WT mice. In contrast, such repeated
cerulein treatment induced only mild pancreatitis in
the IL-22TG mice (Fig. 2A and 2B).

Treatment with recombinant mouse IL ~ -22
(rmiIL -22) or adeno -IL-22 protects mice from
cerulein -induced acute and chronic pancreat -
tis

To evaluate the therapeutic potential of IL-22 in
acute pancreatitis, we injected mice with rmiL -22
protein two hours before the first cerulein injection.
As illustrated in Fig . 3A, pretreatment with rmIL -22
did not affect cerulein -mediated increase in the pan-
creas/body weight ratio, but markedly d iminished

the elevation of serum amylase and lipase levels.
Consistently, cerulein-induced tissue damage and
inflammatory cell infiltration were also greatly am e-
liorated by rmlIL -22 treatment, as indicated by H&E
staining and MPO staining (Fig. 3B).

The therapeutic efficacy of IL-22 was also tested
in a cerulein-induced chronic pancreatitis model.
Mice were repeatedly injected seven times with ceru-
lein once a week for four weeks and received adeno-
virus-IL-22  (Ad-IL-22) or  adenovirus-vector
(Ad -vector) durin g the third week. Serum IL-22 levels
were undetectable in the Ad-vector-treated mice but
had risen to high levels (10 ng/ml) after Ad -IL-22
administration (Fig. 4A). Chronic cerulein treatment
elevated serum amylase and lipase levels, which were
markedly r educed by Ad-IL-22 treatment (Fig. 4A).
H&E and MPO staining indicated that Ad -IL-22
treatment also markedly ameliorated chronic ceru-
lein-induced pancreatic damage and MPO* neutro-
phil infiltration compared to the Ad -vector-treated
group (Fig. 4B).
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Figure 3. Treatment with recombinant
murine IL -22 (rmIL -22) protein am e-
liorates cerulein -induced acute pan-
creatitis in mice. Recombinant H22 pro-
tein was administrated to C57BL/6 mice two
hours before the first of sevehourly cewu-
lein. Mice were sacrificed one hour after the
last cerulein injection. The ratio of pancreas
weight to body weight and serum levels of
amylase and lipase were measured (A).
Representative examples of H&E and MPO
staining are shown in the left pal of (B), and
the pathology score and the number of MPO
cells are summarized in the right panel of (B).
**R<0.05, *P < 0.01, and **F<0.001.Data
are representative of three different expe
iments, 57 mice in each group
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Treatment with
adeno-IL-22 ameliorates  chronic
cerulein -induced  pancreatitis  in
mice. C57BL6 mice received a set of
seven injections of cerulein weekly for four
weeks. Advector or Ad-IL-22 was -
jected on the 3 week. Mice were saér
ficed one hour afterthe last ceruleinni-
jection. Serum levels of 22, amylase and
lipase levels were measured)( Repe-
sentative H&E and MPO staining are
shown in the left panel ofB). The @a-
thology scores and the number of MPO
cells are summarized in the right panel of
(B). * P< 0.01, **P < 0.001.Data are
representative of three different expier
ments,3~5 mice in each group

Figure 4.
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