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Abstract: The JAK2/STAT3 pathway was activated in cerulein-induced AP rats’ pancreatic acinar cells. However, the
role of JAK2/STAT3 signaling pathway in humans with acute pancreatitis (AP) is yet unknown. Thus, the differences
and correlation of molecules associated with JAK2/STAT3 signaling pathway including serum free fatty acid (FFA),
leptin, p-JAK2, and p-STAT3 were investigated to elucidate its underlying pathogenesis. 34 adult patients with AP
were enrolled. 10 volunteers formed the control group. The serum levels of leptin, p-JAK2, and p-STAT3 were measured upon hospitalization by ELISA and FFA using microcolorimetry. The differences in serum FFA, leptin, p-JAK2,
and p-STAT3 concentration were analyzed. According to scores of the modified CT severity index (MCTSI), 18 were
mild AP and 16 severe. The differences of serum FFA, leptin, p-JAK2, and p-STAT3 concentrations in the subgroups
with MCTSI scores < 4 and ≥ 4 were compared. The factors affecting serum p-STAT3 levels were also evaluated.
The levels of leptin, FFA, p-JAK2, and p-STAT3, was significantly increased in AP group than the controls (P < 0.05).
No differences in serum FFA, leptin, p-JAK2, and p-STAT3 were observed. Univariate analysis showed that FFA and
p-JAK2 levels were significantly associated with that of p-STAT3. Multivariate analysis revealed FFA and p-JAK2
as independent correlation factors for p-STAT3 (R2 = 0.644, P < 0.0001). These data showed that the circulating
molecules associated with JAK2/STAT3 signaling pathway including FFA, leptin, p-JAK2, and p-STAT3 increased in
AP patients without any correlation with its severity. The level of p-STAT3 was independently correlated with the
increase of p-JAK2 and FFA.
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Introduction
Acute pancreatitis (AP) is a common, noninfectious inflammation of the pancreas, and the etiology of AP includes biliary, hyperlipidemia, and
alcohol abuse. Although different causes exhibit diverse pathogenesis, the inflammatory disorder is common in AP patients, causing local
tissue destruction and distant organ damage
[1]. The Janus kinase (JAK)-signal transducers
and activators of transcription (STAT) signaling
pathway are involved in immune response,
inflammatory reaction, fat metabolism, and
other processes [2]. The abnormal activation of
the JAK-STAT pathway may induce a variety of
inflammatory diseases [3]. The animal studies
have demonstrated that the JAK2/STAT3 pathway was activated in cerulean-induced AP rats’

pancreatic acinar cells [4, 5]. In a previous
study [6], we found that JAK2/STAT3 signaling
pathwaywas activated by high-dose linoleic
acid in pancreatic exocrine cells and the expression of IL-6, TNF-α, and FAS, which are
downstream proteins of the JAK2/STAT3 pathway, was increased. However, whether the
JAK2/STAT3 pathway is activated in humans
with AP is yet ill-understood.
Free fatty acid (FFA), produced by the hydrolysis
of triglyceridemia (TG), is toxic to tissues and
organs. Upon interaction with albumin, FFA converts into nontoxic and can be transported.
Regardless of etiology, the elevated serum TG
levels are positively and independently correlated with persistent organ failure in AP patients
[7]. Excessive levels of serum TG produce

FFA, p-JAK2 and p-STAT3 in acute pancreatitis
Table 1. Characteristics of the examined groups
Controls (n = 10) AP patients (n = 34) P-value
Gender
0.895b
Male
5
16
Female
5
18
Age
50.50±17.36
50.32±16.58
0.977a
2
BMI (kg/m )
20.4±8.90
23.5±9.32
0.378b
t-test; bChi-square test.

a

Table 2. Mild subgroup (MCTSI < 4) and severe subgroup (MCTSI ≥ 4) comparison
Severe subgroup Mild subgroup
(n = 16)
(n = 18)
48.63±16.447 51.83±16.447

P-value

Age
0.581a
Etiology
0.567b
Hyperlipidemia
7 (43.7%)
5 (27.8%)
Biliary
6 (37.5%)
7 (38.9%)
Others
3 (18.8%)
6 (33.3%)
WBC
11.29±5.94
9.54±3.26
0.289a
CRP
136.60±116.13 63.9056±50.03 0.031a
LDH
464.50±600.06 268.53±129.32 0.100a
AST
67.76±182.33 66.65±103.74 0.983a
Ranson scores
2.06±1.53
0.94±0.80
0.011a

effectively reverse the effect. A recent
study also found that leptin activated the
JAK2/STAT3 pathways in rat nucleus
pulposus cells [16].
Altogether, FFA and leptin have been
reportedly correlated with the activation
of JAK2/STAT3 signaling pathway. The
current study aimed to evaluate the
serum levels of FFA, leptin, p-JAK2, and
p-STAT3 in patients with AP, their potential relationship with the JAK2/STAT3
pathway and the severity of AP in
humans.
Patients and methods

The study protocol was approved by the
Ethics Committee of Shanghai General
Hospital, Shanghai Jiaotong University.
All patients provided informed written
consent before the initiation of any treatment. In this retrospective study, patients (n = 34) with AP who were admitted
to the Department of Gastroenterology
of Shanghai General Hospital, Shanghai
Jiaotong University, between August
a
t-test; bFisher’s exact probability test. All those data were measured
2015 and April 2016, were included. 10
in the first 12 hours after the patients were admission.
volunteers formed the control group.
Diagnostic criteria for acute pancreatitis
excessive FFA, exceeding the capacity of albuaccorded with two or more of the following
min. As a result, the unconjugated FFA can
three criteria: sudden abdominal pain; levels of
cause activation of trypsinogen and induce AP
serum amylase or lipase that were greater than
[8], which is aggravated by formation of fatty
three times the upper limit of normal range;
acid ethyl esters [9, 10] and alcohol consumpand imaging studies revealing peripancreatic
tion. Liu et al. [11] showed that Low-dose FFA
exudation or pancreatic/peripancreatic necrospecifically activated JAK2/STAT3 phosphorylasis [17]. The exclusion criteria were as follows:
tion, thereby causing malignant transformation
symptoms appearing after more than 48 h
of hepatocytes both in vitro and in vivo.
upon admission to the department; acute
However, the association of FFA and JAK2/
attack of chronic pancreatitis; and tumors and
STAT3 signaling pathway in AP has not been
other causes of pancreatitis.
extensively studied.
Peripheral venous blood samples were collectLeptin, a 146-amino-acid peptide hormone, is
ed from all analyzed patients for analysis at the
produced by human adipocytes; it provides
time of hospital admission. From these saminformation on the availability of fat reserves
ples, white blood count and biochemical paramand regulates fat metabolism [12]. The elevaeters (serum glutamic oxaloacetic transamition of serum leptin level in AP has been well
nase, serum glutamic pyruvic transaminase,
documented [13]. Leptin, as a secreted protein,
alkaline phosphatase, glutamyl transferase,
regulates body fat metabolism through JAKs/
amylase, electrolytes, glucose, urea, creatiSTATs pathway [14]. Previous studies [15] have
nine, lactate dehydrogenase, and CRP), were
confirmed JAK2/STAT3 pathway involvement in
measured on the day of blood sample collecthe early differentiation of adipose cells and
tion. For FFA, leptin, p-JAK2, and p-STAT3 meapromoting fat formation, whereas the applicasurements, blood samples were withdrawn and
tion of AG490 and siRNA silencing gene can
serum separated by centrifugation (2000 g for
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Table 3. Serum concentrations of leptin, FFA, p-JAK2, and p-STAT3
Leptin (ng/mL) FFA (μmol/L)
p-JAK2 (ng/L)
p-STAT3 (ng/L)
AP patients 2.59±3.30 461.33±169.48 445.55±292.19 570.36±386.65
Controls
1.15±1.08
310.26±93.03 102.91±82.95
97.25±80.29
T-value
2.182
3.653
6.058
6.663
P-value
0.035
0.001
P < 0.001
P < 0.001

Table 4. Serum concentrations comparison between mild subgroup
(MCTSI < 4) and severe subgroup (MCTSI ≥ 4)
Leptin
FFA (μmol/L)
p-JAK2 (ng/L) p-STAT3 (ng/L)
(ng/mL)
Severe subgroup 3.42±4.05 421.51±187.37 426.25±279.85 497.15±349.81
Mild subgroup
1.85±2.33 496.71±148.19 462.70±309.78 635.43±415.57
T-value
1.405
1.305
1.042
0.358
P-value
0.170
0.201
0.305
0.723

15 min) and preserved at -80°C until further
usage.
According to the modified CT scoring system
(MCTSI) [18], AP patients were divided into mild
subgroup (< 4 scores) and severe subgroup (≥ 4
scores). The comparison of the clinical indicators and the levels of serum FFA, leptin, p-JAK2,
and p-STAT3 were carried out between the two
subgroups.
The total serum leptin level was measured
using ELISA (Biolegend, American) in accordance with the test procedure and expressed
as ng/mL. The serum concentrations of p-JAK2
and p-STAT3 were measured by ELISA (Meimian,
Shanghai, China) according to the manufacturer’ recommendations and expressed as ng/L.
Any significant cross-reactions or interferences
were not seen between human p-JAK2 or
p-STAT3 analogs. The level of FFA was measured colorimetrically, according to the instructions on the reagent kit (Neo Scientific, Nanjing,
China).
Statistical analysis
The continuous data were expressed as mean
± SE and compared using the independent
sample Student’s t-test, whereas the categorical variables were expressed as quantities and
analyzed using the χ2 test or Fisher’s exact
probability test. The correlations between the
two independent parameters with normal distribution were assessed using Pearson’s rank
correlation test. Multiple stepwise linear regres-
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sion analysis was performed to identify the
related factors for high
levels of p-STAT3. The
analyses were conducted with statistical software (SPSS, version
21.0; SPSS Inc.). P-values < 0.05 were considered to indicate statistically significant differences.
Results

During the study period,
a total of 34 patients
were enrolled that constituted the AP group.
10 volunteers comprised the control group.
The mean age of the AP group was 40.3±9.80
years (range, 18-86 years) and 16 patients
(47.1%) were males. In our study, no statistically
significant differences in gender, age, and body
mass index (BMI) were observed between the
two groups (Table 1).
According to MCTSI, 18 cases were mild AP
and 16 were severe. Any demographic differences were not found between the mild and
severe subgroups, except for C-reactive protein
(CRP) and Ranson scores. CRP in the severe
subgroup (136.60±116.13) was higher than in
the mild subgroup (63.9056±50.03) (Table 2).
As seen in Table 3, serum levels of FFA, leptin,
p-JAK2, and p-STAT3 were significantly higher
in AP group compared to controls (P < 0.05;
Table 3). In the AP group, the mean leptin level
was 2.59 ng/mL, FFA was 461.33 μmol/L,
p-JAK2 was 445.55 ng/L, and p-STAT3 570.36
ng/L. Also, no difference was observed in the
two subgroups (Table 4).
As illustrated in Figures 1 and 2, a linear correlation between p-STAT3 and FFA levels (r =
0.345, P = 0.046) and p-JAK2 (r = 0.735, P <
0.0001) was observed in patients with AP.
However, there was no significant linear correlation between p-STAT3 levels and leptin levels
or BMI in patients with AP. A subsequent stepwise multiple linear regression (including BMI,
CRP, FFA, and p-JAK2) analysis identified FFA
and p-JAK2 levels as variables that were independently, significantly, and positively associ-
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ated with the p-STAT3 levels
(R2 = 0.644, P < 0.0001).
Discussion
In the present study, we found that serum p-JAK2 and
p-STAT3 levels in AP patients
were significantly higher than
that in the control group, demonstrating that JAK2/STAT3
pathway activation also occurred in AP patients. The changes of related serum molecules exhibited no relationship with the severity of the
disease. In addition, the levels of FFA and p-JAK2 were
independently and significantly correlated with the concentration of p-STAT3.

Figure 1. Correlation between P-STAT3 and p-JAK2 levels in patients with AP.

Figure 2. Correlation between P-STAT3 and FFA levels in patients with AP.
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The extracellular information,
including interferon, growth
hormone, interleukin, and
other chemical messengers
can interact with the membrane receptor and activate
the JAK/STAT receptor signaling pathway. The JAK2/STAT3
signaling pathway is induced
by their proteins phosphorylation. Subsequently, p-STAT
can form dimers, and translocate to the nucleus in pancreatic exocrine cells where it
binds to DNA promoters and
facilitates gene transcription
[19]. In the current study, we
observed that serum p-JAK2
and p-STAT3 concentration in
AP patients significantly increased, compared to the control
group, which indicates that
JAK2/STAT3 signaling pathway is activated in AP
patients. In AP, in addition to
pancreatic tissue, liver, and
lung tissue also exhibit the
activation of the JAK2/STAT3
pathway [20, 21]. The levels
of p-JAK2 and p-STAT3 in
serum may be originated in
multiple organs.
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In AP, FFA was increased regardless of the etiology [22] and damage to the vascular endothelium and pancreatic acinar cells, producing an
ischemic and acidic environment with toxicity
[23]. A similar conclusion was achieved in our
study. Compared to acute edematous pancreatitis (AEP), higher and sustained elevation of
serum FFA levels was found in acute necrotizing pancreatitis (ANP) [24]. FFA values significantly correlated with the clinical course including amylase elevation, lung weight, and arterial
oxygen pressure reduction [25]. Our findings
showed that the concentration of FFA did not
correlate with the severity of AP.
Obesity increases the risk of developing severe
AP (SAP) [26] and patients with SAP present
higher amounts of fat in the abdominal area
[27]. Emerging evidence suggested that the
serum leptin level was associated with the
severity of pancreatitis positively or conversely.
Some studies showed no significant association between serum leptin levels and severity
of AP [28, 29]. Despite this characteristic,
Panek J et al. [30] demonstrated that the role
of leptin was not associated with the severity of
acute biliary pancreatitis, which is in agreement with our data.
We also revealed that FFA and p-JAK2 were
independently related to the increase in
p-STAT3. Furthermore, we speculated that FFA
activated the JAK2/STAT3 signaling pathway
directly or via IL-6 or both. As a result, serum
p-JAK2 and p-STAT3 levels increased. Firstly,
STAT3 is the main signaling molecule for IL-6,
and the binding of IL-6 to IL-6Rα via recruitment
of gp130 (IL-6Rβ) activates JAKs/STATs [31].
The JAK2/STAT3 signaling pathway was activated via IL-6 in hepatocellular carcinoma [32],
esophageal squamous cell carcinoma [33] and
in fatty liver-associated inﬂammation [34]. As
one of the most accurate predictors of AP
severity [35], IL-6 is involved in the whole process of SAP. IL-6/STAT3/CXCL1 (IL-8) cascade
promotes acute lung injure (ALI) in AP [20].
Secondly, in low dose FFA exposure, hepatocytes specific genes showed malignant transformation via the IL-6-JAK2/STAT3 pathway,
which is the evidence of FFA activating the IL-6JAK2/STAT3 pathway. In addition, as a result of
the lipolytic action on the peripancreatic adipose tissue, FFA levels increase and contribute
towards the aggravation of AP [36]. STAT3 was
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also seen to act as a downstream signaling
pathway in the inflammatory acinar response
induced by fat necrosis [36]. Moreover, the
plasma FFA can induce high levels of IL-6 in
several types of cells and correlate with IL-6 in
vivo [37], which might be an underlying mechanism of p-STAT3 increase.
The present study evaluated the severity of
the disease with enhanced CT or MRI performed in 5-7 days. The MCTSI score < 4 divided into the mild subgroup, and MCTSI score ≥ 4
into the severe subgroup. This study showed no
significant differences in p-JAK2 and p-STAT3
between the two subgroups, suggesting that
the activation of the JAK2/STAT3 pathway not
be thedifference in either of the subgroups.
However, we cannot exclude the effect of time.
The activation of the STAT3 pathway and duration are time-dependent [38]. However, the
serum samples for this study were selected at
various time-point within 48 h from the onset
of symptoms. Therefore, further studies are
needed to eliminate the effect of the time
factor.
AP is one of the common clinical diseases. At
present, the study of the AP pathogenesis is
mainly concentrated in the cell and animal
experimental stage. However, to the best of our
knowledge, this was the first study examining
the JAK2/STAT3 signaling pathway in AP
patients. Since the sample size of this study
was small, the further large sample size is
imperative to improve the reliability of the
conclusion.
In conclusion, the serum FFA, leptin, p-JAK2,
and p-STAT3 levels in AP patients were significantly high in AP patients, but had no relationship with the severity of the disease, demonstrating that JAK2/STAT3 pathway activation
also occurred in AP patients. In addition, the
levels of FFA and p-JAK2 were independently,
significantly related with the concentration of
p-STAT3.
Acknowledgements
The project was supported by the National
Natural Science Foundation of China (no
81270546).
Disclosure of conflict of interest
None.

Int J Clin Exp Pathol 2017;10(2):1984-1990

FFA, p-JAK2 and p-STAT3 in acute pancreatitis
Address correspondence to: Dr. Feng Zhu, Department of Gastroenterology, Shanghai East
Hospital, Shanghai Tongji University School of
Medicine, 150 Jimo Road, Pudong New District,
Shanghai 200120, China. E-mail: zfyzj@hotmail.com

References
[1]

Makhija R, Kingsnorth AN. Cytokine storm in
acute pancreatitis. J Hepatobiliary Pancreat
Surg 2002; 9: 401-410.
[2] O’Shea JJ, Plenge R. JAK and STAT signaling
molecules in immunoregulation and immunemediated disease. Immunity 2012; 36: 542550.
[3] Folch-Puy E, Granell S, Dagorn JC, Iovanna JL,
Closa D. Pancreatitis-associated protein I suppresses NF-kappa B activation through a JAK/
STAT-mediated mechanism in epithelial cells. J
Immunol 2006; 176: 3774-3779.
[4] Ju KD, Lim JW, Kim KH, Kim H. Potential role
of NADPH oxidase-mediated activation of
Jak2/Stat3 and mitogen-activated protein kinases and expression of TGF-beta1 in the
pathophysiology of acute pancreatitis. Inflamm
Res 2011; 60: 791-800.
[5] Yu JH, Kim KH, Kim H. Suppression of IL-1beta
expression by the Jak 2 inhibitor AG490 in cerulein-stimulated pancreatic acinar cells. Biochem Pharmacol 2006; 72: 1555-1562.
[6] Zhu F, Guan Y, Zhang R. High-dose linoleic acid
activated JAK2-STAT3 signaling pathway involved in cytokine production and lipogenesis
in pancreatic exocrine cells. Curr Mol Med
2016; 16: 668-676.
[7] Nawaz H, Koutroumpakis E, Easler J, Slivka A,
Whitcomb DC, Singh VP, Yadav D, Papachristou
GI. Elevated serum triglycerides are independently associated with persistent organ failure
in acute pancreatitis. Am J Gastroenterol
2015; 110: 1497-1503.
[8] Halangk W, Lerch MM, Brandt-Nedelev B, Roth
W, Ruthenbuerger M, Reinheckel T, Domschke
W, Lippert H, Peters C, Deussing J. Role of cathepsin B in intracellular trypsinogen activation and the onset of acute pancreatitis. J Clin
Invest 2000; 106: 773-781.
[9] Criddle DN, Raraty MG, Neoptolemos JP,
Tepikin AV, Petersen OH, Sutton R. Ethanol toxicity in pancreatic acinar cells: mediation by
nonoxidative fatty acid metabolites. Proc Natl
Acad Sci U S A 2004; 101: 10738-10743.
[10] Criddle DN, Murphy J, Fistetto G, Barrow S,
Tepikin AV, Neoptolemos JP, Sutton R, Petersen
OH. Fatty acid ethyl esters cause pancreatic
calcium toxicity via inositol trisphosphate receptors and loss of ATP synthesis. Gastroenterology 2006; 130: 781-793.

1989

[11] Liu Z, Chen T, Lu X, Xie H, Zhou L, Zheng S.
Overexpression of variant PNPLA3 gene at
I148M position causes malignant transformation of hepatocytes via IL-6-JAK2/STAT3 pathway in low dose free fatty acid exposure: a
laboratory investigation in vitro and in vivo. Am
J Transl Res 2016; 8: 1319-1338.
[12] Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM. Positional cloning of the
mouse obese gene and its human homologue.
Nature 1994; 372: 425-432.
[13] Karpavicius A, Dambrauskas Z, Sileikis A, Vitkus D, Strupas K. Value of adipokines in predicting the severity of acute pancreatitis: comprehensive review. World J Gastroenterol
2012; 18: 6620-6627.
[14] Akasaka Y, Tsunoda M, Ogata T, Ide T, Murakami K. Direct evidence for leptin-induced lipid
oxidation independent of long-form leptin receptor. Biochim Biophys Acta 2010; 1801:
1115-1122.
[15] Zhang K, Guo W, Yang Y, Wu J. JAK2/STAT3
pathway is involved in the early stage of adipogenesis through regulating C/EBPbeta transcription. J Cell Biochem 2011; 112: 488-497.
[16] Miao D, Zhang L. Leptin modulates the expression of catabolic genes in rat nucleus pulposus
cells through the mitogen-activated protein kinase and Janus kinase 2/signal transducer
and activator of transcription 3 pathways. Mol
Med Rep 2015; 12: 1761-1768.
[17] Banks PA, Bollen TL, Dervenis C, Gooszen HG,
Johnson CD, Sarr MG, Tsiotos GG, Vege SS.
Classification of acute pancreatitis-2012: revision of the Atlanta classification and definitions by international consensus. Gut 2013;
62: 102-111.
[18] Bharwani N, Patel S, Prabhudesai S, Fotheringham T, Power N. Acute pancreatitis: the role of
imaging in diagnosis and management. Clin
Radiol 2011; 66: 164-175.
[19] Roxburgh CS, McMillan DC. Therapeutics targeting innate immune/inflammatory responses through the interleukin-6/JAK/STAT signal
transduction pathway in patients with cancer.
Transl Res 2016; 167: 61-66.
[20] Zhang H, Neuhofer P, Song L, Rabe B, Lesina
M, Kurkowski MU, Treiber M, Wartmann T, Regner S, Thorlacius H, Saur D, Weirich G, Yoshimura A, Halangk W, Mizgerd JP, Schmid RM,
Rose-John S, Algul H. IL-6 trans-signaling promotes pancreatitis-associated lung injury and
lethality. J Clin Invest 2013; 123: 1019-1031.
[21] Wu L, Li H, Zheng SZ, Liu X, Cai H, Cai BC. DaHuang-Fu-Zi-Tang attenuates liver injury in rats
with severe acute pancreatitis. J Ethnopharmacol 2013; 150: 960-966.

Int J Clin Exp Pathol 2017;10(2):1984-1990

FFA, p-JAK2 and p-STAT3 in acute pancreatitis
[22] Sztefko K, Panek J. Serum free fatty acid concentration in patients with acute pancreatitis.
Pancreatology 2001; 1: 230-236.
[23] Yang F, Wang Y, Sternfeld L, Rodriguez JA, Ross
C, Hayden MR, Carriere F, Liu G, Schulz I. The
role of free fatty acids, pancreatic lipase and
Ca+ signalling in injury of isolated acinar cells
and pancreatitis model in lipoprotein lipasedeficient mice. Acta Physiol (Oxf) 2009; 195:
13-28.
[24] Domschke S, Malfertheiner P, Uhl W, Buchler
M, Domschke W. Free fatty acids in serum of
patients with acute necrotizing or edematous
pancreatitis. Int J Pancreatol 1993; 13: 105110.
[25] Rosen HR, Tuchler H. Pulmonary injury in acute
experimental pancreatitis correlates with elevated levels of free fatty acids in rats. HPB
Surg 1992; 6: 79-90.
[26] Porter KA, Banks PA. Obesity as a predictor of
severity in acute pancreatitis. Int J Pancreatol
1991; 10: 247-252.
[27] Sempere L, Martinez J, de Madaria E, Lozano
B, Sanchez-Paya J, Jover R, Perez-Mateo M.
Obesity and fat distribution imply a greater systemic inflammatory response and a worse
prognosis in acute pancreatitis. Pancreatology
2008; 8: 257-264.
[28] Duarte-Rojo A, Lezama-Barreda A, RamirezIglesias MT, Pelaez-Luna M, Robles-Diaz G. Is
leptin related to systemic inflammatory response in acute pancreatitis? World J Gastroenterol 2006; 12: 4392-4396.
[29] Tukiainen E, Kylanpaa ML, Ebeling P, Kemppainen E, Puolakkainen P, Repo H. Leptin and
adiponectin levels in acute pancreatitis. Pancreas 2006; 32: 211-214.
[30] Panek J, Bonior J, Pieton J, Jaworek J. Serum
leptin and ghrelin levels in patients in the early
stages of acute biliary pancreatitis and different degrees of severity. Pol Przegl Chir 2014;
86: 211-217.

1990

[31] Mihara M, Hashizume M, Yoshida H, Suzuki M,
Shiina M. IL-6/IL-6 receptor system and its role
in physiological and pathological conditions.
Clin Sci (Lond) 2012; 122: 143-159.
[32] Park EJ, Lee JH, Yu GY, He GB, Ali SR, Holzer
RG, Osterreicher CH, Takahashi H, Karin M. Dietary and genetic obesity promote liver inflammation and tumorigenesis by enhancing IL-6
and TNF expression. Cell 2010; 140: 197-208.
[33] Chen X, Wang L, Wang W, Zhao L, Shan B. B7H4 facilitates proliferation of esophageal squamous cell carcinoma cells through promoting
interleukin-6/signal transducer and activator
of transcription 3 pathway activation. Cancer
Sci 2016; 107: 944-954.
[34] Miller AM, Wang H, Bertola A, Park O, Horiguchi
N, Ki SH, Yin S, Lafdil F, Gao B. Inflammationassociated interleukin-6/signal transducer
and activator of transcription 3 activation ameliorates alcoholic and nonalcoholic fatty liver
diseases in interleukin-10-deficient mice. Hepatology 2011; 54: 846-856.
[35] Aoun E, Chen J, Reighard D, Gleeson FC, Whitcomb DC, Papachristou GI. Diagnostic accuracy of interleukin-6 and interleukin-8 in predicting severe acute pancreatitis: a meta-analysis.
Pancreatology 2009; 9: 777-785.
[36] Mateu A, Ramudo L, Manso MA, Closa D, De
Dios I. Acinar inflammatory response to lipid
derivatives generated in necrotic fat during
acute pancreatitis. Biochim Biophys Acta
2014; 1842: 1879-1886.
[37] Staiger H, Staiger K, Stefan N, Wahl HG, Machicao F, Kellerer M, Haring HU. Palmitate-induced interleukin-6 expression in human coronary artery endothelial cells. Diabetes 2004;
53: 3209-3216.
[38] Pini M, Rhodes DH, Castellanos KJ, Hall AR,
Cabay RJ, Chennuri R, Grady EF, Fantuzzi G.
Role of IL-6 in the resolution of pancreatitis in
obese mice. J Leukoc Biol 2012; 91: 957-966.

Int J Clin Exp Pathol 2017;10(2):1984-1990

