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Effect of JAK2/STAT3 signaling pathway
on liver injury associated with severe acute
pancreatitis in rats
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Abstract. Janus kinase/signal transducers and activators of
transcription (JAK/STAT) signaling constitutes one of the
major pathways for cytokine signal transduction. However,
the role of the JAK2/STAT3 pathway in liver injury during
severe acute pancreatitis (SAP) remains unclear. The aim
of this study was to investigate the role of the JAK2/STAT3
signaling pathway in liver injury after SAP. In the present
study 64 male Sprague-Dawley rats were randomly divided
into four groups: Control, AG490 (inhibition of JAK?2), SAP
and SAP with AG490. SAP was induced by retrograde infusion
of 4% sodium taurocholate into the biliopancreatic duct. The
activities of amylase (AMY) and liver enzymes were measured
in serum. Livers and pancreas were isolated for measurements
of histological damage. Blood and liver samples were taken
for the measurement of TNF-a, IL-6 and IL-18 concentrations.
The expression levels of JAK2 and STAT3 in liver tissue were
detected by immunohistochemical staining and western blot-
ting. The results demonstrated that amylase and liver enzymes
were higher in the SAP groups compared with the control,
AG490 and AG490-treated groups. The serum levels of
TNF-a, IL-6 and IL-18 were effectively increased in the SAP
groups, whereas they were reduced by AG490. Interestingly,
JAK?2 and STATS3 protein expression levels were significantly
increased following induction of SAP and were significantly
decreased in the AG490-pretreated groups. Administration of
AG490 decreased the activity of pro-inflammatory cytokines
and significantly attenuated SAP associated-liver injury in the
rats. These results suggested that the mechanism may relate
to the inhibition of TNF-a, IL-6 and IL-18, and inhibiting
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excessive JAK2 and STAT3 activation, and may play a crucial
role in the liver injury associated with SAP.

Introduction

Severe acute pancreatitis (SAP) is an exceptionally grave
disorder of the viscera in the abdominal cavity, in which
pancreatic elastases and a variety of other pro-inflammatory
mediators are released into the portal and systemic circulation,
leading to multiple organ failure and high rates of morbidity
and mortality (1,2). Although the precise mechanisms by
which diverse etiological factors induce an attack remain
unclear, once the disease process is initiated, common inflam-
matory and repair pathways are invoked (3). Significant
attention has been dedicated to the investigation of acute lung
injury in the setting of SAP, less attention has been devoted to
pancreatitis-associated liver injury. The liver is also a major
organ involved in the systemic inflammatory response and
subsequent distant organ dysfunction observed during SAP.
Previous studies have demonstrated the importance of the
liver in the development of organ damage associated with
SAP, specifically its role in extra pancreatic organ impair-
ment following the release of macrophage-derived cytokines
that play a critical role in the pathogenesis of pancreatitis and
the subsequent inflammatory response (4-6).In this regard, the
liver is a unique organ because Kupffer cells are the largest
population of fixed-tissue macrophages and have been demon-
strated to release pro-inflammatory cytokines (e.g., TNF-a,
IL-6 and IL-18) in response to local tissue and multiple organ
damage (7). Thus, the pathogenesis of SAP-associated liver
injury needs to be elucidated. Multiple studies have demon-
strated that the Janus kinase/signal transducers and activators
of transcription (JAK/STAT) signaling pathway is activated by
pro-inflammatory cytokines, growth factors and hormones, and
shown the beneficial and protective role of JAK2 and STAT3
in the inflammatory responses (8,9). Previous studies have
indicated that the soluble factors depend on hepatic STAT3
during systemic inflammation (10). However, the influence
of the systemic inflammatory response on the JAK2/STAT3
signaling pathway in SAP is not well understood. In addition,
the precise mechanisms of JAK2/STAT3 pathway inhibitors in
SAP in relation to the degree of pancreatic diseases and liver
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injury remain largely unknown. The present study established
an SAP rat model, examined the effects of the JAK2/STAT3
signaling pathway and investigated the possible protective
effects of AG490 against SAP in rats.

Materials and methods

Animals. A total of 64 male Sprague-Dawley rats weighing
between 200-250 g were used in the present study. The animals
were purchased from Institutional Animal Care and Use
Committee of Jinling Hospital (Nanjing, China). All opera-
tions were performed according to international guidelines
concerning the care and treatment of experimental animals.
Ethical approval for this study was obtained from the Ethics
Committee for Animal Research at Jinling Hospital.

Animals were housed in standard conditions, in a
temperature-controlled environment with a 12/12 light/dark
cycle. Rats were randomly divided into four groups: Control
(n=8), AG490 groups (n=8), SAP groups (n=24) and SAP-AG490
groups (n=24). The SAP groups and SAP-AG490 groups
were randomly divided into 6, 12 and 18 h time-point groups,
with 8 rats in each group. The controls received injections of
0.9% saline (0.2 ml/min) (11). AG490 groups received injections
of AG490 dissolved in DMSO (30 nmol/ml; cat. no. sc-202046;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) via the
vena caualis at a dose of 8 mg/kg with a single administration
at 30 min. SAP groups was induced by 4% sodium taurocholate
in distilled water (0.1 mg/100 g of body weight; Sigma-Aldrich;
Merck KGaA) and retrograde infused at a rate of 20 yl/min using
microinfusion pump continuously. SAP-AG490 groups were
injected with AG490 before SAP model. The experiment was
done half an hour with each rat after laparotomy. The rats were
sequentially sacrificed 6, 12 or 18 h after SAP induction with an
intraperitoneal injection of pentobarbital (200 mg/kg; Shanghai
Xinyu Biotech Co., Ltd., China); blood, liver and pancreatic
tissues were collected for subsequent analysis.

Measurement of amylase (AMY) and liver enzymes activi-
ties. All blood samples were collected from the post cava
of each animal. The serum AMY, alanine aminotransferase
(ALT), and aspartate aminotransferase (AST) activities were
determined in accordance with the manufacturer's protocols
(Beijing Leadman Biochemistry Technology, Co., Ltd., China).

Analysis of TNF-a, IL-6 and IL-18 in serum. Serum levels
of TNF-a (cat. no. RTA00), IL-6 (cat. no. CATR6000B)
and IL-18 (cat. no. DY992; all R&D Systems Europe, Ltd.,
Abingdon, UK) concentrations were measured by ELISA
kits in accordance with the manufacturer's protocols. All
samples were determined in duplicate. The pro-inflammatory
cytokines levels were expressed as pg/ml. Serum samples were
collected and stored at -80°C for subsequent biochemical and
cytokine assays.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis of TNF-a, IL-6 and IL-18 in liver
tissue. Total RNA samples were isolated TRIzol reagent (cat.
no. 15596-018; Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) from the rat liver tissues in accordance
with the manufacturer's protocols. Complementary DNA
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(cDNA) synthesis was performed using the cDNA reverse
transcription kit (cat. no. AR0O063; Wuhan Boster Biological
Technology, Ltd., Wuhan, China). The primers (Sangon
Biotech Co., Ltd., Shanghai, China) were synthesized as
follows: TNF-a forward, 5-TCAGTTCCATGGCCCAGA
C-3' and reverse, 5-GTTGTCTTTGAGATCCATGCC
ATT-3'; IL-6 forward, 5“"AATCTGCTCTGGTCTTCTTGG
AG-3' and reverse, 5'-GTTGGATGGTCTTGGTCCTTA
G-3'; IL-18 forward, 5" ACTGTACAACCGGAGTAATAC
GG-3' and reverse, 5S-TCCATCTTGTTGTGTCCTGG-3',
B-actin forward, 5'-CTGGCACCACACCTTCTACAATG-3'
and reverse, 5'-"AATGTCACGCACGATTTCCCGC-3"). The
expression of target genes was normalized to that of f-actin.
The samples were amplified in triplicate, and the results were
calculated using the 222" method.

Histopathological analysis. Pancreas and liver tissues were
rinsed and weighed. The samples were collected from each
rat and fixed in 4% neutral formalin immediately. The tissues
were stained with hematoxylin-eosin (H&E) by a trained
pathologist. The morphologic evaluation of the tissues was
performed by optical microscopy. The histological assessments
of tissues were analyzed for SAP severity based on edema,
inflammation and hemorrhage, and necrosis. The pathological
scores of pancreas grading were performed as described by
Schmidt ez al (12). Liver pathological scores were evaluated
according to the method reported by Camargo et al (13).

Immunohistochemical analysis. The method was used to
detect expression of JAK2 and STATS3 proteins in liver tissue.
The rats' livers were fixed with 4% paraformaldehyde for 24 h
and then embedded in paraffin. After being deparaffinized
and pretreated in citrate buffer, sections were incubated
with rabbit anti-rat JAK?2 (1:200; cat. no. 3230) and STAT
(1:200; cat. no. 330835; both Cell Signaling Technology, Inc.,
Danvers, MA, USA) primary antibodies with PBS at 4°C over-
night. After three washes with PBS, the liver sections were
incubated with isothiocyanate-conjugated goat anti-rabbit
antibody (1:200; cat. no. BA1010; Wuhan Boster Biological
Technology, Ltd.) for 15 min at room temperature and then
rinsed in PBS. The negative control for the immunostaining
were incubated with rabbit IgG without the specific primary
antibody. To measure JAK2 and STAT3 proteins, 5 fields
were randomly selected and analyzed using Image-Pro Plus
software version 6.0 (Media Cybernetics, Inc., Rockville, MD,
USA) at a magnification, x200.

Western blot analysis of JAK2, p-JAK2, STAT3 and p-STAT3
in liver tissues. Western blot analysis was performed to
measure the JAK2, phosphorylated-JAK?2 (p-JAK2; cat.
no. 3776), STAT3 and phosphorylated-STAT3 (p-STAT; cat.
no. 391458S; both Cell Signaling Technology, Inc.) protein
expression levels in all the groups. Total proteins were
extracted from the frozen liver samples using ice-cold RIPA
buffer containing protease inhibitors. Protein concentration
was quantified by BCA Protein Assay kit (Beyotime Institute
of Biotechnology, Haimen, China). Then the protein samples
were separated by SDS-PAGE and transferred onto PVDF
membranes. The samples were incubated in 5% nonfat milk
in TBS with 0.1% Tween for 1 h, and with primary antibodies
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Table I. Serum levels of AMY, ALT and AST in the different groups (U/L, n=8, Xxs).
Group AMY ALT AST
Control 545.11+£23.52 24.29+3.17 19.23+£2.39
AG490 558.22+31.76 28.36+6.25 21.28+3.74
SAP-6 h 1,247.45+156.37* 156.64+17 48" 276.39+27 44°
SAP-12h 3,478.26+212.58* 198.49+21.36* 396.45+30.27*
SAP-18 h 4.461.64+346.17* 352.23+29.18* 478.46+31.57*

SAP-AG490-6 h
SAP-AG490-12 h
SAP-AG490-18 h

1,582.16+125.34*
3,201.56+199.29*
3,719.74+287.63*°

117.56£16.37*°
155.82+24.56*°
287.33£19.63%°

324.36+23.78*°
320.69+29.74*°
386.48+28.83"

No changes of AMY, ALT and AST were observed in the control and AG490 groups. Levels of AMY, ALT and AST increased significantly
under SAP conditions. AG490 decreased the effects in SAP-AG490 groups. P>0.05 control vs. AG490 groups. *P<0.05 vs. control groups.
"P<0.05 for multiple comparisons of SAP and treatment groups at the same time point. AMY, amylase; ALT, alanine aminotransferase; AST,

aspartate aminotransferase; SAP, severe acute pancreatitis.

(rabbit anti-rat JAK?2, p-Jak2, STAT3 and p-STAT3; 1:1,000)
overnight at 4°C. The blots were washed and incubated with
appropriate goat anti-rabbit antibodies and an enhanced
chemiluminescence detection assay used according to the
manufacturer's instructions. B-actin was used as a loading
control. All assays were independently repeated three times to
assure reproducibility of results. The positive target bands were
quantified by Quantity One software (Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Statistical analysis. The statistical analyses were performed
using the Statistical Package for the Social Sciences (SPSS)
software version 17.0 (SPSS, Inc., Chicago, IL, USA). Data
are expressed as means + SD. Differences between groups
were compared using one-way analysis of variance (ANOVA)
and followed by Bonferroni's multiple comparison test.
P<0.05 was considered to indicate a statistically significant
difference. All possible comparisons were made between
different groups.

Results

The serum levels of AMY, ALT and AST. No changes in AMY,
ALT or AST were observed in the control and AG490 groups.
The activity levels of AMY, ALT and AST in the SAP groups
increased significantly at 6, 12 and 18 h time points compared
with the control and AG490 groups (P<0.05). Compared
with SAP groups, the activity levels of AMY, ALT and AST
were suppressed in the SAP-AG490 groups at different time
points (P<0.05; Table I).

Expression of TNF-a, IL-6 and IL-18 levels in the serum and
liver tissues. It is well known that pro-inflammatory cytokines
are important signaling molecules in the development of SAP.
To evaluate the effects of pro-inflammatory cytokine produc-
tion and to further determine the mechanisms that underlie
reduced injury following AG490 pretreatment, the expression
of TNF-a, IL-6 and IL-18 in serum and liver tissues were
identified by ELISA and RT-qPCR. The levels of TNF-a, IL-6
and IL-18 were similar in the control and AG490 groups. As

indicated by ELISA and RT-qPCR, these cytokines increased
markedly in the SAP groups compared with the control and
AG490 groups at each time point (P<0.05). It was then deter-
mined whether inhibition of the pro-inflammatory response
by AG490 was mediated through the JAK2/STATS3 signaling
pathway. Compared with SAP groups, these cytokines were
suppressed by AG490 pretreatment in the SAP-AG490 groups,
but AG490 alone did not have a significant effect on the
cytokine levels in AG490 groups (P<0.05; Table II, Fig. 1).

The histopathological alterations of the pancreas. To
determine the changes in the experimental SAP model, the
pathological examination results of the pancreas of rats at
different experimental groups were observed using an optical
microscope. The results indicated that the pancreatic tissue
were normal in the control and AG490 groups (P<0.05).
While in the SAP groups, a large number of inflammatory
cells infiltrated the pancreas. The histopathological changes,
pancreatic edema and substantial necrosis, appeared more
pronounced and worsened significantly with time. There were
also differing degrees of damage in the SAP-AG490 groups,
but less severe damage in the SAP groups (P<0.05; Fig. 2).

Histopathological alterations of the liver. The scoring was used
to determine the degree of liver injury. Livers of the control and
AG490 groups showed normal structure. Compared with the
control and AG490 groups, liver cell edema, inflammatory cell
infiltration, hepatic spotty necrosis and coagulation necrosis
were detected in the SAP groups. However, the SAP-AG490
groups exhibited significant attenuation of these changes, and
the edema, necrosis and inflammatory reaction were signifi-
cantly reversed compared with the SAP groups (P<0.05; Fig. 3).

Immunohistochemistry analysis of JAK2 and STAT3. To detect
the degree of inflammation in liver tissues, immunostaining
of JAK?2 (Fig. 4) and STAT3 (Fig. 5) were performed in the
liver samples at the time points for each group. In the control
and AG490 groups, minimal staining of JAK2 and STAT3 was
observed in the liver lining. However, expression of JAK?2 and
STAT3 were increased, with JAK2 protein appearing mainly
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Table II. Serum levels of TNF-a, IL-6, IL-18 in the different groups (pg/ml, n=8, X+s).

Group TNF-a IL-6 IL-18
Control 60.78+3.81 44.23+4.73 23.50+2.17
AG490 54.12+8.43 42.37+5.96 24.61+£2.99
SAP-6 h 161.25+10.02* 337.45+39.64* 145.05+31.40°
SAP-12 h 253.05+13.24* 487.47+£38.41* 352.23+20.50
SAP-18 h 346.78+35.18" 599.36+51.29* 468.86+21.32"

SAP-AG490-6 h

150.01+22.25%

310.27+27.68*°

122.57+11.63*°

228.37£16.57*"
299.13+£21.33%"

SAP-AG490-12 h
SAP-AG490-18 h

305.45+27.95
402.37+26.58*°

367.56+38.12%"
401.92+40.732°

Serum TNF-a,, IL-6 and IL-18 levels were determined using ELISA. The serum obtained following the induction of pancreatitis showed increased
amounts of pro-inflammatory cytokines and this production was blocked by AG490. P>0.05 control vs. AG490 groups. “P<0.05 vs. control
groups. °P<0.05 for multiple comparisons of SAP and treatment groups at the same time point. SAP, severe acute pancreatitis.
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Figure 1. Expression of TNF-a, IL-6 and IL-18 in liver tissues. (A) TNF-a; (B) IL-6; and (C) IL-18. No difference was observed between the control and
AG490 groups (P>0.05). As demonstrated in SAP groups at each time point, the levels of TNF-a., IL-6 and IL-18 were significantly increased compared with
the control and AG490 groups, respectively, and were significantly down regulated by AG490 (P<0.05). P>0.05 control vs. AG490 groups; "P<0.05 vs. control
groups; “P<0.05 vs. SAP groups at each time point. SAP, severe acute pancreatitis.

in the cytoplasm and STAT3 protein appearing mainly in the
nucleus. The proportions of cytoplasmic JAK?2 and nuclear
STAT?3 in SAP groups were significantly increased compared
with the control and AG490 groups. By contrast, the expres-
sion of these proteins in SAP-AG490 groups was significantly
lower compared with SAP groups at each time point (P<0.05).

Expression of JAK2, p-JAK2, STAT3 and p-STAT3 in rat
liver tissues determined by western blot analysis. As shown
in Fig. 5, the activation of JAK2 and STAT3 was examined
in liver tissues and the changes in the p-JAK?2 and p-STAT3
levels in these tissues were measured. Western blot analysis
showed that no change was found in AG490 groups compared
with control (P>0.05). The expressions of JAK2, p-JAK2,

STAT3 and p-STAT3 proteins in SAP groups and SAP-AG490
groups at 6, 12, 18 h were markedly higher compared with
control and AG490 groups (P<0.05). As further confirmation
of the role of the JAK2/STAT3 pathway in the liver tissues,
the SAP-AG490-pretreated groups showed a reduction in the
JAK2, p-JAK2, STAT3 and p-STAT3 levels compared with
SAP groups at the same time point (P<0.05; Fig. 6).

Discussion

SAP is characterized by its acute onset and rapid progression,
leading to clinical multiple organ dysfunction syndromes with
systemic inflammation and high mortality. A high range of
pancreatic injury is found in the early stages of liver failure.
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Figure 2. Histopathological changes of the pancreas in rats from each group (magnification, x200). (A) Representative H&E staining images of pancreatic
tissues from each group of rats. (B) Histological score of pancreas injury. Pancreas of Control and AG490 groups showed normal structure. All SAP groups
had pancreatic edema, inflammatory cell infiltration, fat necrosis and extensive hemorrhaging which increased gradually and became more serious at the 12
and 18 h time points. Both SAP-AG490 treatment rat edema and necrosis was significantly reduced compared with the SAP groups at each time point. P>0.05
control vs. AG490 groups; "P<0.05 vs. control groups; “P<0.05 vs. SAP groups at each time point. SAP, severe acute pancreatitis; H&E, hematoxylin-eosin.
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Figure 3. Histopathological changes in the livers of rats from each group (magnification, x200). (A) Representative H&E staining images of liver tissues from
each group of rats. (B) Histological score of liver injury. The structure of liver tissue was clear and showed normal architecture in the control and AG490 groups,
while the bridging necrosis and loosened cytoplasm showed in all SAP groups. SAP-AG490 treatment groups showed significantly reduced periportal and lobular
inflammatory infiltration. P>0.05 control vs. AG490 groups; "P<0.05 vs. control groups; “P<0.05 for multiple comparisons of SAP and treatment groups at each
time point. SAP, severe acute pancreatitis; H&E, hematoxylin-eosin.
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Figure 4. Immunohistochemical localization of JAK?2 in the liver tissues (magnification, x200). (A) Immunohistochemical analysis of JAK?2 expression in liver
tissues from each group. (B) Graphical analysis of JAK2 expression in each group. The arrows indicated JAK?2 expressed in the cytoplasm. The expression of
JAK2 was weakly detected in the cytoplasm. In SAP groups, JAK2 was markedly over expressed in the cytoplasm at 6, 12 and 18 h time points. With AG490
treatment, the expression of JAK2 was markedly decreased in liver tissues. P>0.05 control vs. AG490 groups; "P<0.05 vs. control groups; *P<0.05 for multiple

comparisons of SAP and treatment groups at each time point. SAP, severe acute pancreatitis; JAK, Janus kinase.
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Figure 5. Immunohistochemical localization of STAT3 in the liver tissues (magnification, x200). (A) Immunohistochemical analysis of STAT3 expression
in liver tissues from each group. (B) Graphical analysis of STAT3 expression in each group. The arrows indicated STAT3 expressed in the nucleus. In the
control groups, the expression of STAT3 was weakly observed in the nucleus. In SAP groups, intense positive staining of STAT3 increased markedly at 6, 12
and 18 h time points. AG490-treated liver tissues showed a reduction of STAT3 in the nucleus. P>0.05 control vs. AG490 groups; "P<0.05 vs. control groups;
"P<0.05 vs. SAP groups at each time point. SAP, severe acute pancreatitis; STAT, signal transducers and activators of transcription.

leading to pancreatitis and subsequent distant organ dysfunc-

It is associated with the release of digestive enzymes into the
tion due to the excessive production and systemic spreading

pancreatic interstitium, as well as inflammatory responses,
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Figure 6. Representative western blot analysis of JAK2, p-JAK2, STAT3 and p-STAT3 proteins at different time points in the livers. The graphs show
densitometric analysis of the western blots. B-actin was used as the internal reference. (A) Quantitative analysis of the protein of JAK2, p-JAK2, STAT3 and
p-STAT3 in liver tissues; (B) Statistical analysis of p-JAK2/JAK2 ratio and (C) p-STAT3/STAT3 ratio. P>0.05 control vs. AG490 groups. "P<0.05 vs. control
groups. "P<0.05 vs. SAP groups at each time point. SAP, severe acute pancreatitis; JAK, Janus kinase; STAT, signal transducers and activators of transcription.

of inflammatory mediators (4,14,15). TNF-a, IL-6 and IL-18
have been shown to play important roles in mediating SAP
and liver injury (16-18). In particular, liver injury is a severe
complication of SAP, resulting in systemic inflammation and
an increased risk of mortality (19). Although previous studies
have suggested that activation of the JAK/STAT pathway
up-regulated the expression of pro-inflammatory cytokines
in the progression of SAP (20-22), the molecular mechanisms
underlying their roles in mediating acute liver injury during
the course of SAP remain poorly understood.

The JAK/STAT signaling pathway is widely involved
in inflammation (23), and numerous studies have shown
that the JAK and STAT family of kinases activate the
cytokine signaling cascade. Among the most important
protein tyrosine kinase families, JAK2 and STAT3 were
identified from studies on the downstream events of
cytokine receptor binding, including the transcriptional acti-
vation of genes involved in inflammatory responses (24,25).
Studies have shown that JAK and STAT activation occurs
widely throughout the pancreas and liver in inflammatory
cells (26-29). Specifically, cytokines trigger the activation
of STAT3 mediated by JAK2; additionally, JAK?2 plays
an important role in the activation of STAT3, as observed
in the liver. Another study has indicated that TNF-a acti-
vated JAK?2 and STATI1 or STAT3 on the development of
pancreatic injury in vitro (30). Blocking the JAK1/STATI1

signaling pathway prevents the lethal effects of excessive
systemic inflammatory response during SAP (31). However,
the influence of the systemic inflammatory response on the
JAK?2/STAT3 signaling pathway in SAP and its relation to
the degree of pancreatic diseases is not well understood.
Therefore, we explored these possible modulatory effects
on the pro-inflammatory cytokines (TNF-a, IL-6 and
IL-18)/JAK2 and STAT3 signaling pathway in liver tissues
of SAP rats. The present study found that the expression of
TNF-a, IL-6 and IL-18, and the severity of inflammatory
response in SAP models significantly increased compared
with the controls. In addition, the systemic manifestations of
SAP were not only caused by local inflammatory processes
but also by the excessive production and systemic spreading
of inflammatory mediators. It was found that the transcription
factors JAK2 and STAT3 were rapidly activated in the liver
following sodium taurocholate injection, with the protein
expressions of JAK2, p-JAK2, STAT3, and p-STAT?3 in liver
tissues increased significantly in SAP groups, especially at
the 18 h time point group. This finding possibly indicates that
pro-inflammatory cytokines can regulate the JAK2/STAT3
pathway.

AG490,a member of the tyrphostin family of protein kinase
inhibitors, selectively inhibits the phosphorylation of JAK?2 and
STATS3. To eliminate these conflicting factors, we investigated
the relationship between the production of pro-inflammatory
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cytokines and the activation of JAK2/STAT3 in pancreatic
inflammation in vivo. Previous studies have demonstrated
that TNF-a and IL-6 are primarily produced by macrophages
and play a major role in pancreatitis, and the reduction of
these cytokines in patients may be useful in the treatment of
AP-related diseases (32). In the pancreas, IL-18 is a pleiotropic
cytokine that is secreted primarily by activated macrophages
and Kupffer cells, and which stimulates the release of other
pro-inflammatory cytokines (33-35). It has been reported
that a high level of IL-18 is associated with the early phase
of AP in in vivo models (36). The present study induced AP
and administered pre-treatment with AG490 in different
rat models. In the SAP groups at different time points, the
rats exhibited a marked increase in AMY, ALT and AST
concentrations. Moreover, it was found that histopathological
changes in the pancreas and liver were amplified significantly
with the administration of sodium taurocholate, as indicated
by parenchyma necrosis, inflammatory infiltration and
bleeding, suggesting that serious pancreas and liver injury had
occurred, which is consistent with previous studies (37,38).
The present study revealed that pancreatic and liver injury
became dramatically more serious with time, compared with
the pathological changes in SAP rats to varying degrees.
Similarly, the JAK?2 inhibitor AG490 effectively inhibited the
activation of JAK?2 and STAT3 phosphorylation. Interestingly,
JAK?2 and STATS3 levels were affected by the overexpression
of TNF-a, IL-6 and IL-18, as indicated by the high levels
of these proteins in the liver tissues. The decrease in the
TNF-a, IL-6 and IL-18 protein expression levels suggested
that the anti-inflammatory effects of AG490 might be
mediated through the JAK2/STAT3 signaling pathway. That
IL-6 triggered JAK?2 phosphorylation indicated a tightly
restricted signaling pattern for JAK2. Moreover, pretreatment
with AG490 produced prompt and marked decreases in
JAK2/STAT3, which suggested an upstream requirement for
JAK?2 in this response, and inhibited JAK2 production by
down-regulating pro-inflammatory cytokines and attenuating
the activation of STAT3, decreasing the severity of pancreas
and liver injury, and the inflammatory response. Thus, there is
a strong association between JAK2/STAT3 activities and the
invasive ability of rats, which suggests that inhibition of this
pathway may lead to the identification of a valid target for the
treatment of liver injury in SAP.

The present study demonstrated that activation
of JAK2/STAT3 gene expression and production of
inflammatory cytokines, such as TNF-a, IL-6 and IL-18, led
to pancreatitis-induced liver injury. Therefore, these results
indicated that strategies to protect liver functions at an early
time point may help prevent multiple system organ failure and
could also aid in determining the pathogenesis and appropriate
treatment options for SAP. Further investigations could
facilitate the early recognition of the development of systemic
complications by clinicians and improve the management of
SAP.
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