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Enhancement of ICAM-1 via the JAK2/STAT3 signaling pathway
in a rat model of severe acute pancreatitis-associated lung injury
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Abstract. Acute lung injury (ALI), which is associated with
severe acute pancreatitis (SAP), results from damage to
the pulmonary microvascular endothelial cells (PMVECsS),
which in turn leads to high levels of inflammatory cytokines
that destroy PMVECs. However, the molecular mechanisms
underlying SAP-associated ALI (SAP-ALI) are currently not
well understood. Intercellular adhesion molecule-1 (ICAM-1)
has been implicated in the persistent migration and accumula-
tion of neutrophils and macrophages, which in turn has been
associated with the increased permeability of microvascular
endothelial cells. Signal transduction via the Janus kinase-2
(JAK2)/signal transducer and activator of transcription-3
(STAT?3) transcription factors has been shown to be involved
in inflammation. The present study aimed to investigate the
expression levels of ICAM-1 and JAK2/STAT3 signaling
components in a rat model of SAP-ALI. SAP was induced in
the rat model, and dexamethasone (DEX) was administered
to the treatment group. Subsequently, ICAM-1, interleukin
(IL)-6, IL-8, tumor necrosis factor (TNF)-a, JAK2, STAT3
and nuclear factor (NF)-kB mRNA expression levels were
determined using reverse transcription-polymerase chain
reaction; ICAM-1 protein expression levels were determined
using western blotting; and IL-6, IL-8 and TNF-a levels
were measured via an enzyme-linked immunosorbent assay.
In addition, an immunohistochemical analysis of ICAM-1,
NF-«xB, JAK2 and STAT3 was conducted, and the protein
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expression and cell morphology of the lungs in all rats was
analyzed. ICAM-1 mRNA and protein expression levels were
significantly increased following induction of SAP, and were
significantly decreased in the DEX-treated group. Furthermore,
treatment with DEX significantly reduced serum expression
levels of IL-6,1L-8 and TNF-a and decreased expression levels
of NF-kB, JAK2 and STAT3 in the lung tissue, as compared
with the untreated SAP group. The present study demonstrated
that DEX treatment was able to suppress ICAM-1 mRNA and
protein expression in a rat model of SAP-ALI via the inhibi-
tion of IL-6 and TNF-a-induced JAK2/STAT3 activation; thus
suggesting that DEX treatment may be considered a potential
strategy in the treatment of patients with SAP-ALL.

Introduction

Acute pancreatitis (AP) is an acute disease of the abdomen,
which ranges from a mild, transient illness to a fatal disease
with a mortality rate of ~30%. In addition, 25-30% of patients
with severe AP (SAP) succumb to multiple organ system
failure and pulmonary complications (1-4), which occur as
a result of excessive inflammatory responses to pulmonary
and extra-pulmonary stimuli, including pneumonia, acid
aspiration, ischemia-reperfusion and sepsis (5). Resulting
from pronounced systemic inflammatory response with
increased endothelial and epithelial barrier permeability, gas
exchange and oxygenation are compromised with leakage of
a protein-rich exudate into the alveolar space and interstitial
tissues (6). Excessive infiltration of polymorphonuclear
leukocytes (PMNs) into the lungs has been identified as a
key event in the development of acute lung injury (ALI) (7),
and pulmonary microvascular endothelial cells (PMVECsS)
have been associated with the pathogenesis of ALI. Major
events in the inflammatory response include the migration
of leukocytes from the blood, their adhesion to the vascular
endothelium, and their transmigration across the endothe-
lium. Various types of adhesion molecules on the surface of
leukocytes and endothelium have previously been associated
with the cell adhesion process (8.,9). Intercellular cell adhesion
molecule-1 (ICAM-1), which is a well-characterized adhe-
sion molecule expressed in PMVECs, can be stimulated by
proinflammatory cytokines, including tumor necrosis factor
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(TNF)-a, interleukin (IL)-6 and interferon-y (10,11), which act
via signaling pathways, including phosphoinositide 3-kinase,
mitogen-activated protein kinases (MAPKSs), and the nuclear
factor (NF)-kB pathway (12,13).

The Janus kinase/signal transducer and activator of
transcription (JAK/STAT) pathway (14) has been widely
researched for its role in tumorigenesis. IL-6, which is a proin-
flammatory cytokine that preferentially activates STAT3, has
been well recognized for its role in initiating and amplifying
inflammatory processes. During inflammation, the adhe-
sion molecules expressed on stimulated endothelial cells
(ECs) are essential for the recruitment and transmigration of
leukocytes into the subendothelial matrix (15). The induction
of ICAM-1 has previously been associated with leukocyte
adhesion and transmigration, resulting in damage to ECs
and amplification of inflammatory responses. In addition, it
has previously been reported that the effects of cholinergic
agonists on IL-6-mediated ICAM-1 expression, and monocyte
chemoattractant protein (MCP)-1 production by ECs, may
be mediated via the JAK2/STAT3 signaling pathway (16).
Dexamethasone, a synthetic adrenocortical steroid, is increas-
ingly used in the treatment of SAP (17). Dexamethasone exerts
anti-inflammatory, anti-toxicity and anti-inflammatory effects
in patients with SAP, in addition to reducing the systemic
inflammatory response to liver and lung damage.

In the present study, the expression levels of ICAM-1
in the pulmonary tissues of a rat model of SAP-ALI were
investigated, in order to elucidate the underlying molecular
mechanisms. ICAM-1 expression was shown to be induced
by SAP via the JAK2/STATS3 signaling pathway, but could be
suppressed by treatment with dexamethasone (DEX). In addi-
tion, DEX treatment was able to attenuate the inflammatory
responses in order to protect the lungs against SAP-ALL.

Materials and methods

Rats. Male Sprague Dawley rats (body weight, 170-220 g)
were purchased from the Specific Pathogen Free Animal
Laboratory of Dalian Medical University (Dalian, China),
and were housed in a controlled environment. Prior to the
experiments, the rats were deprived of food; however, drinking
water was available ad libitum. The rats were anesthetized
using intraperitoneal administration of 10% chloral hydrate
(3 ml/kg; Baier Di Biotechnology Co., Ltd., Beijing, China),
and the bile-pancreatic duct was exposed. A rat model of SAP
was induced via a standardized pressure-controlled retrograde
infusion of 1.5% deoxycholic acid sodium salt (I mg/kg; Baier
Di Biotechnology Co., Ltd.) into the bile-pancreatic duct, after
which the bile-pancreatic duct near the margin of the liver and
duodenum was compressed with a clip for 5 min. Subsequently,
the clip was removed and the abdomen was closed. All rats
received humane care in compliance with the Public Health
Service Policy on Humane Care, and use of the rats was
approved by the Institutional Animal Ethics Committee of
Dalian Medical University (Dalian, China).

Experimental groups. A total of 30 male Sprague Dawley
rats were randomly divided into three groups, as follows
(n=10/group): i) Control (CON) group, in which the abdomens
of the rats were opened, the pancreas was turned over and the
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abdomen was closed; ii) SAP group, in which SAP was induced
via retrograde infusion of 1.5% deoxycholic acid sodium salts
into the bile-pancreatic duct; and iii) DEX group, in which SAP
was induced and the rats were subsequently treated with 1 ml/kg
DEX (Henan Lingrui Pharmaceutical Co., Ltd., Zhengzhou,
China), which was administered via the vena sublingualis,
5 min post-surgery. All rats were examined 24 h post-surgery.
The rats were drained of blood and lung tissue samples were
collected and stored at -80°C for subsequent analysis.

Determination of ICAM-1, JAK2, STAT3 and NF-kB mRNA
expression levels. Total cellular RNA was extracted from
the cells 24 h post-surgery using RNAiso Plus (Takara Bio,
Inc., Otsu, Japan) according to the manufacturer's protocol.
The mRNA expression levels of ICAM-1, JAK2, STAT3 and
NF-«B were quantified using reverse transcription-quantitative
polymerase chain reaction (RT-qPCR), in which the Maxima
SYBR-Green/ROX qPCR Master Mix (2X) (Thermo Fisher
Scientific, Inc., Waltham, MA, USA) was used. RNA was
solubilized in ribonuclease-free water and quantified by
measuring the absorbance at 260 nm using an Ultrospec 2100
Pro spectrophotometer (GE Healthcare, Buckinghamshire,
UK). The concentration was 220-280 ng/ul [the purity of RNA
was confirmed by examining the optical density (OD) 260/280
as 1.6/1.9]. cDNA was synthesized from 1 yl RNA using the
Bio-Rad iScript™ c¢DNA Synthesis kit (Bio-Rad Laboratories,
Inc. Hercules, CA, USA). Amplification and detection of
500 ng cDNA was conducted using the Rotor Gene 3000™
sequence detection system (Qiagen, Inc., Valencia, CA, USA).

The primers and probes (Takara Bio, Dalian, China) used
were as follows: ICAM-1 forward, 5'-GCTTCTGCCACCATC
ACTGTGTA-3' and reverse, 5S'-ATGAGGTTCTTGCCCACC
TG-3"; JAK2 forward, 5"TTTGAAGACAGGGACCCTACA
CAG-3' and reverse, 5" TCATAGCGGCACATCTCCACA-3";
STAT3 forward, 5'-CACCCATAGTGAGCCCTTGGA-3' and
reverse, 5"TGAGTGCAGTGACCAGGACAGA-3'; NF-kB
forward, 5-GATGGGACGACACCTCTACACATA-3" and
reverse, 5'-CCCAAGAGTCGTCCAGGTCA-3'; and B-actin
forward, 5'-GGAGATTACTGCCCTGGCTCCTA-3" and
reverse, 5'-GACTCATCGTACTCCTGCTTGCTG-3". 3-actin
was used as an internal control. The PCR cycling conditions
included 40 cycles of 95°C for 5 sec and 60°C for 31 sec, as per
manufacturer's protocol. This was followed by an annealing
step at 95°C for 15 sec followed by a cycle at 60°C for 60 sec and
a final step at 95°C for 15 sec. For relative quantification, the
copy ratios of ICAM-1/B-actin, JAK2/B-actin, STAT3/B-actin
and NF-xB/B-actin, were calculated and used as an indication
of the relative expression levels.

Western blot analysis. Frozen lung tissue was mechanically
homogenized in 1 ml ice-cold extraction buffer, containing
50 mmol/I Tris-His (pH 7.4), 1% NP-40.0, 25% sodium deoxy-
cholate, 150 mmol/I NaCl, 1 mmol/l ethylene diamine tetraacetic
acid, 1 mmol/l phenylmethylsulfonyl fluoride, 0.1% sodium
dodecylsulfate, and 1 pg/ml each of aprotinin and leupeptin.
Following incubation on ice for 30 min, the homogenate was
centrifuged at 12,000 x g for 10 min at 4°C, after which the
supernatant was stored at -80°C prior to analysis. The protein
concentration was determined using the Bradford Protein
Assay (Thermo Fisher Scientific, Inc.), with bovine serum
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albumin as a standard. Equal volumes of each sample (10 pg)
were separated by 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, and transferred to a polyvinylidene difluo-
ride membrane (Nanjing KeyGen Biotech Co., Ltd., Nanjing,
China). Subsequently, the membrane was incubated with
200 pg/ml goat polyclonal anti-rat ICAM-1 antibodies (1:500;
sc-1511; Santa Cruz Biotechnology, Inc., Dallas, TX, USA)
overnight at 4°C, prior to washing with Tris-buffered saline
(TBS) containing 0.05% Tween-20. The membrane was then
incubated with horseradish peroxidase (HRP)-conjugated goat
anti-rat (500 ug/ml; 1:10,000; ab6721; Abcam, Cambridge, UK)
for 1 h at room temperature. The antibody-antigen complexes
were detected using an enhanced chemiluminescence reagent
(Immobilon Western HRP Substrate; WBKLS0100; EMD
Millipore, Billerica, MA, USA), and exposed to X-OMAT
BT Film (Eastman Kodak, Rochester, NY, USA). Films were
scanned on a UniScan C800 (Tsinghua UniSplendour Co., Ltd.,
Beijing, China) using Photoshop software (Adobe Systems, Inc.,
San Jose, CA, USA), and the OD of each band was determined
using Gel-Pro Analyzer 4.0 software (Media Cybernetics, Inc.,
Rockville, MD, USA).

Enzyme-linked immunosorbent assay (ELISA). An ELISA
was performed in order to quantify the concentrations of IL-6,
IL-8 and TNF-a in the serum samples. Commercially avail-
able kits were used (R&D Systems, Inc., Minneapolis, MN,
USA), following the manufacturer's instructions.

Immunohistochemical staining and immunofluorescence. The
rat lungs were infused with 10% buffered formalin for 24 h and
embedded in paraffin. Subsequently, 5 #m tissue sections were
prepared, and continuous sections of the paraffin-embedded
tissue were taken for pathological examination using hematox-
ylin-eosin staining (G1120-100; Beijing Solarbio Science &
Technology Co., Ltd. Beijing, China). After deparaffinization,
the tissue sections were treated with sodium citrate and boiled
for 2 min in a pressure cooker for restoration. After washing
three times with phosphate-buffered saline (PBS), the tissue
sections were incubated for 10 min with 3% hydrogen peroxide
atroom temperature. Subsequently, the lung tissue sections were
incubated for 1 h with rabbit anti-rat JAK?2 (1:50; sc-294) and
STAT3 (1:50; sc-482) antibodies (Santa Cruz Biotechnology,
Inc.) at room temperature. After washing with PBS, the tissue
sections were incubated for 30 min at room temperature with
poly-peroxidase-conjugated anti-rabbit immunoglobulin G.
Diaminobenzidine (Baier Di Biotechnology Co., Ltd.) was
used as a substrate for the immunoperoxidase reaction. After
rinsing with water, the tissue sections were stained with hema-
toxylin and incubated with goat anti-rat ICAM-1 and NF-xB
antibodies for 1 h. Imunofluorescence was detected following
incubation of the tissue sections with 4',6-diamidino-2-phe-
nylindole for 10 min. The tissue samples were observed using
an inverted fluorescence microscope (Leica Microsystems,
Mannheim, Germany). Imaging was conducted using the
Image-Pro Plus 6.0 software (Media Cybernetics, Inc.).

Statistical analysis. The target protein and f-actin band inten-
sities were analyzed using ImageJ software, version 1.35d
(National Institutes of Health, Bethesda, MD, USA). The
target protein/B-actin groups were then compared with the
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Figure 1. mRNA expression levels of ICAM-1 were determined using reverse
transcription-quantitative polymerase chain reaction. ICAM-1 mRNA
expression levels were significantly increased in the SAP group, as compared
with the CON group. ICAM-1 mRNA expression levels were significantly
decreased in the DEX-treated group, as compared with the SAP group. Data
are presented as the mean + standard deviation. ““P<0.01 vs. the CON group;
"1P<0.01 vs. the SAP group. ICAM-1, intercellular adhesion molecule-1;
SAP, severe acute pancreatitis; CON, control; DEX, dexamethasone.
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Figure 2. mRNA expression levels of NF-kB were determined using reverse
transcription-quantitative polymerase chain reaction. NF-kB mRNA expres-
sion levels were significantly increased in the SAP group, as compared
with the CON group. NF-kB mRNA expression levels were significantly
decreased in the DEX-treated group, as compared with the SAP group. Data
are presented as the mean + standard deviation. ““P<0.01 vs. the CON group;
P<0.01 vs. the SAP group. NF-xB, nuclear factor-kB; SAP, severe acute
pancreatitis; CON, control; DEX, dexamethasone.

control/B-actin group, statistically analyzed with SPSS soft-
ware, version 16.0 (SPSS, Inc., Chicago, IL, USA). Data are
presented as the mean + standard deviation. Groups were
compared using one-way analysis of variance and the Student
Newman-Keuls method. P<0.05 was considered to indicate a
statistically significant difference.

Results

ICAM-1 and NF-xB expression levels are increased following
SAP induction and decreased following DEX treatment. In
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Figure 3. ICAM-1 protein expression levels were significantly increased in the SAP group, as compared with the CON group, as demonstrated by western
blotting. ICAM-1 protein expression levels in the DEX-treated group were significantly decreased, as compared with the SAP group. 3-actin was used as an
internal control. Data are presented as the mean + standard deviation. ““P<0.01 vs. the CON group; “#P<0.01 vs. the SAP group. ICAM-1, intercellular adhe-
sion molecule-1; SAP, severe acute pancreatitis; CON, control; DEX, dexamethasone.
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of SAP (magnification, 40x). (D) Comparison of the IOD values for ICAM-1 in lung tissues. Data are presented as the mean + standard deviation.™"
the CON group; ##P<0.01 vs. the SAP group. ICAM-1, intercellular adhesion molecule-1; SAP, severe acute pancreatitis; CON, control; DEX, dexamethasone;

10D, integrated optical density.

order to assess the role of ICAM-1 in SAP-ALLI, the effects of  expression levels in the lung tissue sections from the CON
SAP induction followed by DEX treatment on the mRNA and  group at 24 h following SAP injury were used as a baseline.
protein expression levels of ICAM-1 and NF-kB were investi- ~ Similar alterations in mRNA expression levels were detected
gated in a rat model of SAP-ALI. ICAM-1 and NF-xB mRNA  for ICAM-1 and NF-«B in the SAP group (Figs. 1 and 2), and
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Figure 5. Representative NF-kB immunofluorescence of the lung tissue sections from the (A) CON, (B) SAP and (C) DEX-treated groups at 24 h following
induction of SAP (magnification, 40x). (D) Comparison of the IOD values for ICAM-1 in lung tissue sections: ““P<0.01 vs. the CON group; “P<0.01 vs. the
SAP group. NF-«B, nuclear factor-kB; SAP, severe acute pancreatitis; CON, control; DEX, dexamethasone; 10D, integrated optical density.

were characterized by a significant increase following SAP
induction (P<0.01; Figs. 1 and 2). DEX treatment significantly
decreased the mRNA expression levels of ICAM-1 and NF-«xB
in the lung tissue post-injury, as compared with those in the
SAP group (P<0.01; Figs. 1 and 2).

The protein expression levels of ICAM-1 in the lung tissue
of the rats were analyzed by western blotting and immuno-
fluorescence. Western blotting demonstrated that ICAM-1
protein expression levels were significantly increased in the
SAP group, as compared with the CON group (P<0.01; Fig. 3).
Conversely, ICAM-1 protein expression levels were signifi-
cantly decreased in the DEX-treated group, as compared with
the SAP group (P<0.01; Fig. 3). Low levels of ICAM-1 were
detected on the vascular endothelial and bronchiolar and
alveolar epithelial surfaces of the CON group using immuno-
fluorescence (Fig. 4A), and these were significantly increased
in the SAP group at 24 h following SAP induction (P<0.01;
Fig. 4B). Conversely, in the rats treated with DEX, ICAM-1
levels were significantly decreased, as compared with those
in the SAP group (P<0.01; Fig. 4C). These results suggest
that DEX is able to decrease the SAP-induced expression of
ICAM-1 (Fig. 4D).

The protein expression levels of NF-kB were analyzed
using immunofluorescence, which demonstrated that the levels
of NF-kB were significantly increased in the SAP group, as
compared with the CON group (P<0.01; Fig. 5). Conversely,

NF-«xB protein expression levels were significantly decreased
in the DEX-treated group, as compared with the SAP
group (P<0.01; Fig. 5). These results suggest that DEX is able
to decrease the SAP-induced upregulation of NF-«xB.

IL-6, IL-8 and TNF-a concentrations increase following SAP
induction. The concentrations of IL-6, IL-8 and TNF-a in
plasma were detected using an ELISA. In the CON group, the
concentrations of IL-6, IL-8 and TNF-a were 216.06+11.04,
119.28+15.2 and 225.97+10.56 ng/l, respectively. The
concentrations of the cytokines were significantly increased
following SAP induction to 310.47+12.28, 270.06+38.36 and
309.16+10.62 ng/l, respectively (P<0.01; Fig. 6). Treatment
with DEX significantly inhibited the SAP-induced production
of IL-6, IL-8 and TNF-a (P<0.01; Fig. 6).

Analysis of the JAK2/STAT3 signaling pathway in lung tissue.
A previous study demonstrated that IL-6-induced MCP-1
production by HUVECs was mediated by the JAK2/STAT3
pathway (15). In order to evaluate the role of this signaling
cascade in SAP-ALI-induced ICAM-1 expression, the protein
expression levels of JAK2 and STAT3 were analyzed by
immunohistochemistry. The protein expression levels of JAK2
and STAT3 in the lung tissue sections were significantly
upregulated in the SAP group, as compared with the CON
group (P<0.01; Figs. 7 and 8). Conversely, JAK2 and STAT3
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Figure 6. Serum IL-6, IL-8 and TNF-a levels were determined using an ELISA. Data are presented as the mean + standard deviation. ““P<0.01 vs. the CON
group; “P<0.01 vs. the SAP group. IL, interleukin; TNF, tumor necrosis factor; ELISA, enzyme-linked immunosorbent assay, SAP, severe acute pancreatitis;

CON, control; DEX, dexamethasone.
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Figure 7. Representative immunohistochemical results for JAK?2 in the lung tissue sections from the (A) CON, (B) SAP, and (C) DEX-treated groups at 24 h
following induction of SAP (magnification, x40). JAK?2, janus kinase 2; SAP, severe acute pancreatitis; CON, control; DEX, dexamethasone.

protein expression levels were significantly decreased in the  pathway may upregulate ICAM-1 expression in response
DEX group, as compared with the SAP group (P<0.01; Figs. 7  to SAP injury, and that DEX treatment is able to attenuate
and 8). These results suggest that the JAK2/STAT3 signaling ~ JAK2/STATS3 signaling.



794

EXPERIMENTAL AND THERAPEUTIC MEDICINE 11: 788-796, 2016

B

Figure 8. Representative immunohistochemical results for STAT3 of the lung tissue sections from the (A) CON, (B) SAP, and (C) DEX-treated groups at 24
h following induction of SAP (magnification, x40). STAT3, signal transducer and activator of transcription-3; SAP, severe acute pancreatitis; CON, control;

DEX, dexamethasone.

Analysis of lung tissue morphology. ICAM-1 staining was
increased in the lung tissue of the SAP group, as compared
with the CON group (Fig. 4). The rats in the SAP group exhib-
ited expanded and congested minute pulmonary vessels, and
alveolar septum capillaries. In addition, the alveolar walls had
burst, the alveolar space was narrowed, partial alveoli were
damaged and the alveolar septum was broadened. Furthermore,
there was marked infiltration of PMN cells into the alveoli
and pulmonary interstitial tissue of the SAP rats, and this was
associated with hemorrhage and pulmonary interstitial edema.
Therefore, increased ICAM-1 staining was an indication of a
severe injury. DEX treatment markedly reduced the severity
of the SAP-induced pulmonary histopathological injury, as
demonstrated by decreased protein expression levels of JAK2
and STAT?3 in the DEX-treated rats, as compared with the
SAP group. However, the role of the JAK2/STAT3 signaling
pathway in SAP-induced upregulation of ICAM-1, IL6 and
TNF-a, should be investigated in future studies.

Discussion

Infiltration of monocytes and macrophages into local areas of
inflammation in pulmonary tissues is a key event in SAP-ALI,
and ICAM-1 has previously been shown to have an important
role in mediating the inflammatory response (18). A previous
study reported protective effects for angiopoietin-like protein-4
(Angptl4) in PMVECs in a rat model of acute inflammatory
stroke (19). The present study demonstrated that the mRNA
and protein expression levels of ICAM-1 were upregulated in
the lung tissue of a rat model of SAP-ALI, and that this could
be attenuated by treatment with DEX.

ICAM-1 (CD54) is an inducible surface glycoprotein
with a molecular weight of 80-114 kDa, and is a member of

the Ig superfamily, which consists of five Ig-like domains, a
hydrophobic transmembrane domain and a short cytoplasmic
C-terminal domain (20). Under stable conditions, ICAM-1
is expressed at low levels in endothelial and epithelial cells,
or constitutively on the surface of alveolar cells, where it is
involved in cell recognition, activation, proliferation, differ-
entiation and motility, thereby helping to stabilize the internal
environment of the body (10). During inflammation, ICAM-1
binds to two integrins, CD11a/CDI18 (LFA-1) and CD11b/CD18
(Mac-1), which are members of the $2 subfamily. LFA-1 and
Mac-1 are expressed by leukocytes and promote the adhesion
and transendothelial migration of these cells (20,21). In addi-
tion, ICAM-1 has a key role in pathological events associated
with inflammatory reactions, including acute renal failure and
acute pancreatitis (22).

Upregulation of ICAM-1 expression in the lungs
during ALI, which is an often fatal complication of SAP,
has previously been associated with leukocyte adhesion
and activation, as well as induction of the ‘cascade effect’
of inflammatory mediators, pulmonary microcirculation
dysfunction, acute respiratory distress syndrome (ARDS),
multiple organ failure, and mortality (7,23). TNF-a has
previously been shown to activate I[CAM-1 expression via
a NF-kB cis-element located in the 5'-flanking region of
the ICAM-1 gene (24,25). NF-kB is a proinflammatory
transcription factor that triggers inflammatory cascades
during inflammatory responses, and NF-xB activation has
been shown to regulate the expression of numerous genes
encoding proinflammatory cytokines, chemokines, adhesion
molecules and inducible enzymes (26,27). The results of the
present study suggested that high levels of TNF-o and NF-kB
may contribute to the development of SAP-ALI via induction
of ICAM-1 expression.
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ECs under inflammatory stimulation produce cytokines,
chemokines and cell adhesion molecules, which participate in
various biological processes, including vascular remodeling
and atherosclerosis (28); and therefore suppressing the release
of these mediators is important for controlling inflamma-
tion. The present study demonstrated that the SAP-induced
upregulation of the inflammation-associated proteins ICAM-1
and NF-kB in the lung tissue could be suppressed by DEX
treatment, which is a widely used steroid that has previously
been shown to exert anti-inflammatory and immunosuppres-
sant effects (29). Serum ICAM-1 is an early diagnostic and
predictive marker of SAP (30). Therefore, ICAM-1 may be
considered a key target for potential attenuation of inflamma-
tion in patients with SAP-ALI.

The mechanism underlying SAP-induced ALI is currently
unknown. Previous studies investigating MAPK signaling
pathways have greatly enriched the current understanding of the
molecular mechanisms underlying various biological stimuli,
including inflammatory mediators (31-33). Wang et al (19)
demonstrated that, in rat PMVECs treated with lipopolysac-
charides, overexpression of Angptl4 or rosiglitazone treatment
inhibited the Raf/[MAPK/extracellular signal-regulated
kinase (ERK)]/MAPK cascade and was able to protect against
increased permeability induced by F-actin depolymerization.
In addition, phosphorylated-AKT/AKT downregulation was
shown to inactivate phosphorylation of NF-kB, inhibiting the
downstream production of inflammatory cytokines, including
TNF-a (19,34). Conversely, the present study demonstrated
that JAK2/STATS3 levels were upregulated in a SAP-ALI rat
model, and were decreased following treatment with DEX.
Previous studies have demonstrated a role for DEX in reducing
STAT?3 expression levels (35). In the present study, JAK2 and
STAT3 upregulation was associated with inflammation in
a rat model of SAP-ALI, and may have also been involved
in cellular responses to various cytokines, growth factors
and hormones. Further experiments are required in order to
explore the network of MAPK/ERK/JAK signaling that may
contribute to the SAP-ALI-associated inflammatory response.

ALI/ARDS is an inflammatory injury of the lungs
that is predominantly characterized by PMN cell infiltra-
tion (36). It has previously been reported that the flavonols,
luteolin, apigenin and quercetin, were able to inhibit ICAM-1
mRNA and protein expression by inactivating NF-«kB in
TNF-a-stimulated HUVECs (37). Furthermore, it has
been demonstrated that 2'-hydroxychalcone, an achalcone
derivative, was able to attenuate TNF-a-induced ICAM-1
expression via NF-kB inactivation, leading to reduced adhe-
sion of neutrophils to HUVECs (38). In the present study,
SAP-induced TNF-a and NF-kB upregulation was shown to
be attenuated by DEX treatment; however, a previous study
suggested that DEX treatment was unable to entirely attenuate
leukocyte recruitment during sodium taurocholate-induced
acute pancreatitis (39). DEX treatment may attenuate cytokine
production via inhibition of ICAM-1; a possible explanation
for its anti-inflammatory effect. However, this does not fully
explain the ability of DEX to inhibit the production of cyto-
kines and inflammatory factors; thus suggesting that further
research is required.

In conclusion, the present study demonstrated that in vivo
activation of JAK2/STAT3 signaling may be involved in
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the pathogenesis of SAP-ALI. These results suggested that
ICAM-1 and JAK/STAT signaling intermediates, as well as
components of other acute inflammatory signaling pathways,
including the MAPK pathway, may be important targets
for intervention in the treatment of patients with SAP-ALI.
The present study demonstrated that downregulation of the
ICAM-1-mediated JAK2/STATS3 signaling cascade was able
to attenuate inflammatory responses that promote leukocyte
trafficking during inflammation. Further elucidation of the
molecular mechanisms underlying SAP-ALI will be crucial
for the development of novel treatments in the future.
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