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Background/objectives: Pancreatic acinar cells are major targets of IL-22. Our aim is to study early plasma
levels of IL-22, of pro- and anti-inflammatory cytokines in acute pancreatitis, and their association with
severity or necrosis infection.

Keywords: N Methods: Consecutive patients admitted to the Department of Hepato-Gastroenterology at Poitiers
Acute'pancreatltls University of Medicine Hospital (France) with a diagnosis of AP were prospectively enrolled. Plasma
ﬁytzozkmes concentrations of IL-22, IL-6, IL-8, IL-1 a, IL-1f, TNF- a, IFN-vy, IL-17A, IL-10, IL-1ra and IL-4 were assessed

- . by multiple immunoassay at the admission time. A thoracoabdominal contrast-enhanced CT scan was

Necrosis infection

1L-10 performed at day 2.

L-1ra Results: Sixty-two patients were included; 13 patients (21%) had a severe acute pancreatitis, 5 patients
(8%) developed necrosis infection and 29 patients (47%) had pleural effusion. Plasma levels of IL-22 were
high in AP (135 + 31 vs 4.2 + 1.8 pg/ml for controls, p < 0.05), but did not correlate with the severity of
the disease, whereas IL-6, IL-10 and IL-1ra where enhanced in patients with severe acute pancreatitis and
with pleural effusion. Patients who further developed necrosis infection had higher levels of IL-1ra at
admission (p = 0.0004).

Conclusion: In acute pancreatitis, high plasma levels of IL-22 are observed, regardless the severity of the
disease. In contrast, severe forms were associated with increased levels of IL-6, IL-10 and IL-1ra. The
beneficial or deleterious role of IL-22 in AP remains to be further studied.

Copyright © 2014, IAP and EPC. Published by Elsevier India, a division of Reed Elsevier India Pvt. Ltd. All
rights reserved.

Introduction shown by animal models of AP [4,5] and reflected by high circu-

lating levels of IL-6, IL-8, IL-1B and TNF-a in severe acute pancre-

During acute pancreatitis (AP), early prediction of severity is
crucial as mortality reaches up to 30% in severe forms [1,2]. The
early-phase mortality is related to organ dysfunctions, whereas
necrosis infection is a critical complication that mainly occurs after
15 days of evolution [3]. Pro-inflammatory cytokines play a central
role in amplifying both pancreatic and systemic inflammation, as

Abbreviations: AP, acute pancreatits; SAP, severe acute pancreatitis; IL,
interleukine.

* Corresponding author. Service d'hépato-gastroentérologie et assistance nutri-
tive, CHU Jean Bernard, 2 rue de la Milétrie — BP 577, 86021 Poitiers Cedex, France.
Tel.: +33 549 44 46 93; fax: +33 5 49 44 38 35.

E-mail address: philippe.vasseur@chu-poitiers.fr (P. Vasseur).

http://dx.doi.org/10.1016/j.pan.2014.08.005

atitis (SAP) [6,7]. Among the pro-inflammatory cytokines, IL-22,
mainly produced by T helper 17 (Th17) cells and Th22 cells, is
implicated in multiple tissue inflammation and defenses, especially
against bacterial infections [8]. IL-22 signals through a dimeric re-
ceptor comprising the broadly expressed IL-10R f chain associated
to the IL-22R chain which exhibits a restricted expression pattern.
Following IL-22 discovery, pancreatic acinar cells were identified as
one of the first targets. IL-22 induces pancreatic associated protein
1 secretion in pancreatic acinar cells [9], suggesting its involvement
in pancreatic inflammation. Relative to other human tissues, the
highest IL-22R mRNA expression was reported in pancreas [10].
Nevertheless, to the best of our knowledge, IL-22 plasma levels
have never been studied during AP.
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On another hand, in most acute inflammatory responses
including severe acute pancreatitis (SAP), the systemic inflamma-
tory response syndrome is associated with a compensatory anti-
inflammatory response, mediated by IL-10 and IL-1 receptor
antagonist (IL-1ra). These cytokines correlate to the severity of AP
[7] and may promote immunosuppression and infections [11].

Our objective was to measure circulating IL-22, IL-10 and IL-1ra,
in parallel to other pro-inflammatory cytokines, at the admission of
AP patients, and to assess their association with severity, lung
injury and necrosis infection.

Materials and methods
Patients

Consecutive patients admitted from November 2009 to July
2011 to the Department of Hepato-Gastroenterology at Poitiers
University of Medicine Hospital (France) with a diagnosis of AP
were prospectively enrolled. AP was defined as the association of
characteristic abdominal pain with a three times increase of serum
lipase. The Regional Ethics Committee approved the study; all the
patients provided written informed consent. The exclusion criteria
were an age under 18 years, pregnancy or breastfeeding, diagnosis
of AP more than 72 h after the onset of symptoms and patients with
past history of mixed connective tissue disease, pneumotoxic
treatment (p-penicillamine, bleomycin, cordarone), toxic exposure,
recent lung infection or pulmonary embolism, considering the
possibility of radiological confounding lesions. Patients were
treated according to American and European guidelines [12—14]
and did not receive antibiotic prophylaxis of necrosis infection.

Methods

At admission (day 0) and at day 2, clinical and biological data
were recorded in order to assess organ failure, APACHE-II score and
Ranson score. A thoracoabdominal contrast-enhanced computed
tomography (CT) scan blindly reviewed by 2 radiologists (JS, JPT)
was performed at day 2 in order to evaluate pancreatic necrosis,
local complications and lung injury. Severity of AP was defined
according to Atlanta symposium [15]. Pancreatic necrosis infection
was diagnosed either by CT-guided needle aspiration or by the
association of bacteriemia with the presence of air in the necrotic
tissues on imaging studies. Lung injuries on CT scan attributed to AP
were pleural effusion, atelectasis and diffuse pulmonary infiltrates.

Peripheral blood samples obtained at day O were centrifuged
and stored at —20 °C until measurement. The levels of the pro-
inflammatory cytokines (IL-1a, IL-1B, IL-6, IL-8, Tumor Necrosis
Factor-a), of anti-inflammatory cytokines (IL-10 and IL-1ra), Th1
cytokine Interferon vy, Th2 cytokine IL-4 and Th17 cytokine IL-17A
were measured in plasma using the MILLIPLEX MAP Human Cyto-
kines/Chemokine magnetic bead panel kit (Millipore) coupled to
the LUMINEX 200™ XxPONENT™ software. IL-22 was detected by
direct ELISA (Peprotech), according to manufacturer's instructions.
Concentrations below the detection limit were considered
undetectable.

Statistical analysis

Data were analyzed using GraphPad Prism (GraphPad software,
San Diego, CA). Results are presented as median + interquartile
range (IQR). Comparisons between 2 groups used the nonpara-
metric Mann—Whitney U test; comparisons between 3groups used
the nonparametric Kriskal-Wallis test and the Dunn's post-test
when applicable. Correlational analysis used the Pearson test. A
p < 0.05 was considered statistically significant.

Results
Patients' characteristics

The study included 62 patients (43 males and 19 females), and
none of them were further excluded. The mean age was 51 years
(range 20—89 years). Alcohol (n = 24) and biliary gallstones
(n = 20) were the main etiologic factors (71%). According to Atlanta
classification, 13 patients (21%) developed a SAP, including 4 (6.5%)
with respiratory failures and 3 (4.9%) with renal failures. Five pa-
tients developed necrosis infection; all were diagnosed after ten
days of hospitalization. Four patients developed other bacterial
infections (3 biliary infections and 1 prostatitis). Of the 51 patients
(82.2%) who had lung injury, 29 had pleural effusion, 40 had ate-
lectasia and one developed acute respiratory distress syndrome
(Table 1).

Circulating cytokines levels

Circulating levels of IL-22 were highly elevated during acute
pancreatitis when compared with controls. At the admission, the
mean plasma concentration was 135 + 31.2 pg/mL while IL-22 was
detected in only one healthy donor (p = 0.0001). Among the other
measured cytokines, levels of IL-6 (p < 0.0001), IL-8 (p = 0.037),
TNF-a (p = 0.0003) and IL-10 (p = 0.021) were elevated compared
to healthy donors. Levels of IL-1ra were non-significantly increased
(Table 2).

In SAP patients, among the pro-inflammatory cytokines
measured at admission, plasma levels of IL-6 were twice as much
increased (p = 0.0088) as compared to mild AP; as well as the anti-
inflammatory cytokines IL-10 (p = 0.0032) and IL-1ra (p = 0.0068).
Levels of IL-22 did not differ significantly in SAP (p = 0.57) (Fig. 1A).
Likewise, IL-6 (p = 0.0007, r = 0.42) and IL-10 (p = 0.009, r = 0.33)
levels correlated with C-reactive protein (CRP) concentrations at
admission, whereas IL-22 levels did not correlate with CRP
(p = 0.75) (Fig. 2).

When compared with uninfected patients, patients who further
developed infections showed at admission a significant increase of
plasma IL-1ra (p = 0.0004), IL-10 (p = 0.008), IL-6 (p = 0.026) and
IL-8 (p = 0.023), and a non-significant increase of plasma IL-22
(p = 0.33). Early levels of IL-6, IL-8 and IL-10 did not differ signifi-
cantly in patients with necrosis infection or other infections;
whereas IL-1ra (p < 0.05) levels were specifically increased in ne-
crosis infection (Fig. 1B).

Similarly to cytokine profile in SAP, patients with pleural effu-
sion showed at admission a significant increase of plasma IL-6
(p = 0.0036), IL-10 (p = 0.027) and IL-1ra (p = 0.04); whereas
levels of IL-22 did not differ significantly (p = 0.91) (Fig. 1C).
Considering the presence or absence of atelectasis or respiratory

Table 1
Patients' characteristics.

Characteristics n =62

Mean age (years) 51.2 (range 20—89)

Sex ratio (M/F) 43/19
Etiology (n, %)
Alcohol 24 (38.7)
Cholelithiasis 20(32.3)
Other 18 (29)
Necroziting pancreatitis (n, %) 15 (24.2)
Severe acute pancreatitis (n, %) 13 (21)
Necrosis infection 5(8.1)
Lung injury 51 (82.2%)
Pleural effusion 29 (46.8%)
Atelectasis 40 (64.5%)
Respiratory failure 4 (6.5%)
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Table 2
Early cytokines plasma levels during AP compared to healthy donors.
Controls (n = 14) Acute pancreatitis p
median (interquartile (n=62)
range) median (interquartile
range)
IL-22 (pg/mL) 5 (2.5-2.5) 703 (27.1-128) 0.0001
IL-17A (pg/mL) 7 4 (1.5-21.5) 5.2 (1.9-14.3) 0.81
IL-10 (pg/mL) 6 (0.6—0.6) 0.6 (0.6—11.6) 0.68
IL-1p (pg/mL) 5 (0.5—-0.5) 0.5 (0.5—-0.5) 0.82
IL-6 (pg/mL) 6 (0.6—0.6) 13.8 (1.7-35.7) <0.0001
IL-8 (pg/mL) 171 (11.2-32.7) 452 (16.7—87.6) 0.037
TNF-o. (pg/mL) 0(1.4-8.3) 104 (6.5—18.5) 0.0003
IFN-y (pg/mL) 124 (1.9-28.1) 3.3 (1.6-16.2) 0.34
IL-4 (pg/mL) 1.8 (1.8—120) 11.8 (1.8-31.4) 0.81
IL-10 (pg/mL) 1.3 (1.3-1.3) 1.3 (1.3-12.3) 0.021
IL-1ra (pg/mL) 2.1(2.1-2.1) 2.1(2.1-7.5) 0.12

failure, none of the cytokines measured differed significantly (data
not shown).

Discussion

Identifying patients at risk for SAP is crucial. Many predictive
models based upon clinical, biological or radiological findings have
been developed to predict the course of AP. Amongst them, CRP is
one of the most reliable marker during the first 48 h after admis-

and may not help to discriminate between mild and necrotizing
pancreatitis at this time. As CRP is produced secondarily to the
release of pro-inflammatory signals, the knowledge of the early
cytokine network involved in AP could be useful to predict com-
plications from the admission. We confirm that IL-6 plasma con-
centration is elevated at admission in patients with SAP. In a recent
meta-analysis, area under the curve (AUC) of IL-6 at admission for
diagnosing SAP was 0.75 [17], which was comparable with the AUC
of the different scores commonly used in AP. In the study of
Mounzer et al., AUC of Ranson, Glasgow and Bedside Index for
Severity in Acute Pancreatitis (BISAP) scores were 0.63, 0.74 and
0.69 respectively for predicting persistent organ failure at admis-
sion [18]. In this setting, IL-22 levels had never been studied. In
addition to the well-studied triad of the pro-inflammatory cyto-
kines IL-1B, IL-6 and TNF-a, IL-22 has emerged as a powerful
regulator of innate and adaptive inflammatory response, especially
in non-immunologic organs. Pancreatic acinar cells express high
levels of the IL-22 receptor subunit IL-22R [9]. In our study, we
report high plasma IL-22 during the early phase of AP. IL-22 is a
cytokine closely related with tissue repair and tissue response to
microbes, and is mainly produced by Th17 and Th22 cells. Circu-
lating levels of IL-22 are enhanced in acute infections such as acute
hepatitis B [19] or abdominal sepsis [20], as in chronic inflamma-
tory diseases such as psoriasis [21]. Interestingly, plasma IL-17A,
also produced by Th17 lymphocytes, was not enhanced during AP,
leaving open the question of IL-22 sources in this condition.

sion. However, its predictive value is rather low at admission [16] ~ Nonetheless, circulating lymphocytes during SAP indicate
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Fig. 1. Cytokines plasma levels at admission in acute pancreatitis. In patients with severe (n = 13) or mild acute pancreatits (n = 49) (A), in patients without infection (n = 53), with
necrosis infections (n = 5) or with other infections (n = 4) (B), and in patients with pleural effusion (n = 29) or without pleural effusion (n = 33) (C). Results are presented as
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Fig. 2. Correlation of IL-22, IL-6, IL-10 and IL-1ra levels with C-Reactive Protein concentration at admission. Statistical comparisons were performed using Pearson test.

constitutive STAT3 activation, which is a marker of Th17 lympho-
cyte lineage [22].Three studies have reported protective effects of
IL-22 in experimental models of AP. Whereas pancreatic IL-22 is
reduced within the first hours, administration of exogenous IL-22
attenuates the severity of experimental AP and lung injury
[23,24]. Moreover, attenuation of pancreatitis-associated lung
injury is associated with upregulation of IL-22 in lung tissue [25]. In
our present study, early plasma levels of IL-22 did not correlate
with severity nor with lung injury. Contrary to circulating levels of
IL-6 or IL-10, IL-22 concentrations were not associated with sys-
temic inflammation as reflected by CRP levels. This observation
suggests that IL-22 production during AP may be induced by
pathways distinct from systemic inflammatory responses. When
compared with uninfected patients and patients who developed
biliary or urinary infections, patients with necrosis infection
showed a significant increase of IL-1ra concentrations and a non-
significant increase of IL-22 concentration at admission, even
though the number of patients is rather low to draw definite con-
clusions. Development of an excessive compensatory anti-
inflammatory response in SAP, as reflected by higher levels of IL-
1ra, may favor immunosuppression and thus necrosis infection
[11]. In the study of Mentula et al. [26], elevated plasma levels of IL-
1ra in AP were correlated with a downregulation of human
leukocyte antigen (HLA)-DR, which was associated with necrosis
infection. Moreover, necrosis infection is associated with early
enterocyte damage, increased gut permeability and bacteremia
[27]. These phenomena could further induce a compensatory in-
testinal production of IL-22 by digestive lymphoid cells [28,29]. Up
to now, although IL-22 and IL-1ra measurements do not appear to
be useful in order to predict necrosis infection, they seem to be
promising markers. Further studies are necessary to evaluate their
putative predictive value.

We also confirm that the pro-inflammatory state in SAP is asso-
ciated with an early anti-inflammatory response [7,30], as reflected
by significantly higher plasmatic levels of IL-10 and IL-1ra. The early-
phase mortality however mainly relies on a systemic inflammatory
state. The major role played by cytokines in initiating this process is
illustrated by genetic studies showing an association between IL-8

gene polymorphisms and the risk of AP [31,32]. After the activa-
tion of pancreatic enzymes, pro-inflammatory cytokines such as
TNF-o, IL-6, IL-1B and IL-8 are released and contribute to the early
aggression by amplifying acinar cell injury and leukocyte recruit-
ment [5]. Release of these cytokines via the portal vein to the cir-
culation may explain remote organ complications [33], as in sepsis.

In conclusion, we show for the first time a strong elevation of
plasma IL-22 during the early phase of AP. We confirm that SAP
associates early systemic pro-inflammatory and anti-inflammatory
responses characterized by higher plasma concentrations of IL-6,
IL-10 and IL-1ra. Further studies will be necessary to precise the
IL-22 cellular sources and the beneficial or deleterious role of IL-22
in AP.

References

[1] Gravante G, Garcea G, Ong SL, Metcalfe MS, Berry DP, Lloyd DM, et al. Pre-
diction of mortality in acute pancreatitis: a systematic review of the published
evidence. Pancreatology 2009;9:601—14.

Eland IA, Sturkenboom M], Wilson JH, Stricker BH. Incidence and mortality of

acute pancreatitis between 1985 and 1995. Scand ] Gastroenterol 2000;35:

1110—6.

Frossard J-L, Steer ML, Pastor CM. Acute pancreatitis. Lancet 2008;371:

143-52.

Frossard JL, Lenglet S, Montecucco F, Steffens S, Galan K, Pelli G, et al. Role of

CCL-2, CCR-2 and CCR-4 in cerulein-induced acute pancreatitis and

pancreatitis-associated lung injury. J Clin Pathol 2011;64:387—93.

Shrivastava P, Bhatia M. Essential role of monocytes and macrophages in the

progression of acute pancreatitis. World ] Gastroenterol 2010;16:3995—4002.

Shen Y, Cui N, Miao B, Zhao E. Immune dysregulation in patients with severe

acute pancreatitis. Inflammation 2011;34:36—42.

Sempere L, Martinez ], de Madaria E, Lozano B, Sanchez-Paya ], Jover R, et al.

Obesity and fat distribution imply a greater systemic inflammatory response

and a worse prognosis in acute pancreatitis. Pancreatology 2008;8:257—64.

Zenewicz LA, Flavell RA. Recent advances in IL-22 biology. Int Immunol

2011;23:159-63.

Aggarwal S, Xie MH, Maruoka M, Foster ], Gurney AL. Acinar cells of the

pancreas are a target of interleukin-22. ] Interferon Cytokine Res 2001;21:

1047-53.

[10] Boniface K, Bernard F-X, Garcia M, Gurney AL, Lecron J-C, Morel F. IL-22 in-
hibits epidermal differentiation and induces proinflammatory gene expres-
sion and migration of human keratinocytes. ] Immunol 2005;174:3695—702.

[11] Kyldnpdaa M-L, Repo H, Puolakkainen PA. Inflammation and immunosuppres-
sion in severe acute pancreatitis. World ] Gastroenterol 2010;16:2867—72.

[2

i3

[4

(5

[6

(7

(8

[9


http://refhub.elsevier.com/S1424-3903(14)00967-3/sref1
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref1
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref1
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref1
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref2
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref2
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref2
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref2
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref3
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref3
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref3
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref4
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref4
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref4
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref4
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref5
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref5
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref5
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref6
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref6
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref6
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref7
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref7
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref7
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref7
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref8
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref8
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref8
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref9
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref9
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref9
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref9
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref10
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref10
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref10
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref10
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref11
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref11
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref11
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref11
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref11
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref11

[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

P. Vasseur et al. / Pancreatology 14 (2014) 465—469

UK guidelines for the of acute Gut
2005;54(Suppl. 3):iii1-9.

Forsmark CE, Baillie ]. AGA Institute technical review on acute pancreatitis.
Gastroenterology 2007;132:2022—44.

Pezzilli R, Zerbi A, Di Carlo V, Bassi C, Delle Fave GF. Practical guidelines for
acute pancreatitis. Pancreatology 2010;10:523—35.

Bradley EL. A clinically based classification system for acute pancreatitis.
Summary of the international symposium on acute pancreatitis, Atlanta, Ga,
September 11 through 13, 1992. Arch Surg 1993;128:586—90.

Cardoso FS, Ricardo LB, Oliveira AM, Canena JM, Horta DV, Papoila AL, et al. C-
reactive protein prognostic accuracy in acute pancreatitis: timing of mea-
surement and cutoff points. Eur ] Gastroenterol Hepatol 2013;25:784—9.
Aoun E, Chen ], 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—85.

Mounzer R, Langmead CJ, Wu BU, Evans AC, Bishehsari F, Muddana V, et al.
Comparison of existing clinical scoring systems to predict persistent organ
failure in patients with acute pancreatitis. Gastroenterology 2012;142:
1476—82 [quiz e15—6].

Zhang Y, Cobleigh MA, Lian ]J-Q, Huang C-X, Booth (], Bai X-F, et al
A proinflammatory role for interleukin-22 in the immune response to hepa-
titis B virus. Gastroenterology 2011;141:1897—-906.

Bingold TM, Ziesché E, Scheller B, Sadik CD, Franck K, Just L, et al. Interleukin-
22 detected in patients with abdominal sepsis. Shock 2010;34:337—40.
Boniface K, Guignouard E, Pedretti N, Garcia M, Delwail A, Bernard F-X, et al.
Arole for T cell-derived interleukin 22 in psoriatic skin inflammation. Clin Exp
Immunol 2007;150:407—15.

Oiva J, Mustonen H, Kylanpaa M-L, Kyhala L, Kuuliala K, Siitonen S, et al. Acute
pancreatitis with organ dysfunction associates with abnormal blood
lymphocyte signaling: controlled laboratory study. Crit Care 2010;14:R207.
Feng D, Park O, Radaeva S, Wang H, Yin S, Kong X, et al. Interleukin-22
ameliorates cerulein-induced pancreatitis in mice by inhibiting the auto-
phagic pathway. Int ] Biol Sci 2012;8:249—-57.

management pancreatitis.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

469

Xue ], Nguyen DTC, Habtezion A. Aryl hydrocarbon receptor regulates
pancreatic IL-22 production and protects mice from acute pancreatitis.
Gastroenterology 2012;143:1670—80.

Huai J-P, Sun X-C, Chen M-], Jin Y, Ye X-H, Wu J-S, et al. Melatonin attenuates
acute pancreatitis-associated lung injury in rats by modulating interleukin 22.
World ] Gastroenterol 2012;18:5122—8.

Mentula P, Kylanpaa ML, Kemppainen E, Jansson SE, Sarna S, Puolakkainen P,
et al. Plasma anti-inflammatory cytokines and monocyte human leucocyte
antigen-DR expression in patients with acute pancreatitis. Scand ] Gastro-
enterol 2004;39:178—87.

Besselink MG, van Santvoort HC, Renooij W, de Smet MB, Boermeester MA,
Fischer K, et al. Intestinal barrier dysfunction in a randomized trial of a specific
probiotic composition in acute pancreatitis. Ann Surg 2009;250:712—9.
Kinnebrew MA, Buffie CG, Diehl GE, Zenewicz LA, Leiner I, Hohl TM, et al.
Interleukin 23 production by intestinal CD103(+)CD11b(+) dendritic cells in
response to bacterial flagellin enhances mucosal innate immune defense.
Immunity 2012;36:276—87.

Morrison PJ, Ballantyne SJ, Kullberg MC. Interleukin-23 and T helper 17-type
responses in intestinal inflammation: from cytokines to T-cell plasticity.
Immunology 2011;133:397—408.

Laveda R, Martinez J, Munoz C, Penalva J-C, Saez ], Belda G, et al. Different
profile of cytokine synthesis according to the severity of acute pancreatitis.
World ] Gastroenterol 2005;11:5309—13.

Yin Y-W, Sun Q-Q, Feng J-Q, Hu A-M, Liu H-L, Wang Q. Influence of interleukin
gene polymorphisms on development of acute pancreatitis: a systematic re-
view and meta-analysis. Mol Biol Rep 2013;40:5931—41.

Bishu S, Pollock N, Stello K, Koutroumpakis E, Whitcomb DC, Papachristou GI.
539 the —251 A/A interleukin-8 genotype confers susceptibility to acute
pancreatitis. Gastroenterology 2014;146:5-95—6.

Folch-Puy E. Importance of the liver in systemic complications associated with
acute pancreatitis: the role of Kupffer cells. ] Pathol 2007;211:383—8.


http://refhub.elsevier.com/S1424-3903(14)00967-3/sref12
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref12
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref12
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref13
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref13
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref13
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref14
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref14
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref14
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref15
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref15
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref15
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref15
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref16
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref16
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref16
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref16
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref17
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref17
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref17
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref17
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref18
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref18
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref18
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref18
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref18
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref18
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref19
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref19
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref19
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref19
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref20
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref20
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref20
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref20
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref21
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref21
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref21
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref21
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref22
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref22
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref22
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref22
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref22
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref22
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref22
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref23
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref23
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref23
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref23
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref24
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref24
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref24
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref24
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref25
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref25
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref25
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref25
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref26
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref26
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref26
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref26
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref26
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref26
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref26
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref27
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref27
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref27
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref27
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref28
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref28
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref28
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref28
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref28
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref28
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref28
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref29
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref29
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref29
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref29
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref30
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref30
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref30
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref30
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref31
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref31
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref31
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref31
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref32
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref32
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref32
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref32
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref32
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref33
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref33
http://refhub.elsevier.com/S1424-3903(14)00967-3/sref33

	High plasma levels of the pro-inflammatory cytokine IL-22 and the anti-inflammatory cytokines IL-10 and IL-1ra in acute pan ...
	Introduction
	Materials and methods
	Patients
	Methods
	Statistical analysis

	Results
	Patients' characteristics
	Circulating cytokines levels

	Discussion
	References


