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Abstract

AIM: To study secretion patterns of pro- and anti-in-
flammatory cytokines, and activation of various cellular
subsets of leukocytes in peripheral blood.

METHODS: We have conducted a prospective obser-
vational study. One hundred and eight patients with
a diagnosis of acute pancreatitis and onset of the dis-
ease within last 72 h were included in this study. The
mRNA expression of 25 different types of cytokines in
white blood cells was determined by quantitative real
time polymerase chain reaction. Levels of 8 different
cytokines in blood serum were measured by enzyme
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linked immunosorbent assay. Clinical data and cytokine
expression results were subjected to statistical analysis.

RESULTS: Severe and necrotizing acute pancreatitis
(AP) is characterized by the significant depletion of
circulating lymphocytes. Severe acute pancreatitis is as-
sociated with a typical systemic inflammatory response
syndrome and over-expression of pro-inflammatory cy-
tokines [interleukin (IL)-6, IL-8, macrophage migration
inhibitory factor (MIF)]. Serum IL-6 and MIF concentra-
tions are the best discriminators of severe and necrotiz-
ing AP as well as possible fatal outcome during the early
course of the disease.

CONCLUSION: Deregulation of cellular immune sys-
tem is a key event leading to severe and necrotizing
AP. IL-6 and MIF could be used as early predictors of
complications.

© 2010 Baishideng. All rights reserved.

Key words: Acute pancreatitis; Cytokines; Prognostic
factors

Peer reviewer: Minoti V Apte, Associate Professor, Pancreatic
Research Group, South Western Sydney Clinical School, The
University of New South Wales, Liverpool, NSW 2170, Australia

Dambrauskas Z, Giese N, Gulbinas A, Giese T, Berberat
PO, Pundzius J, Barauskas G, Friess H. Different profiles of
cytokine expression during mild and severe acute pancreatitis.
World J Gastroenterol 2010; 16(15): 1845-1853 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v16/
i15/1845.htm DOI: http://dx.doi.org/10.3748/wjg.v16.i115.1845

INTRODUCTION

Incidence of acute pancreatitis (AP) is about 30-40 cases
per 100000 individuals, and it carries an overall mortality
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rate of 10%-15%""". Mortality of patients with severe
acute pancreatitis approaches 30%-40%"". Pancreatic
necrosis develops eatly in the course of the disease and
usually is well established by 96 h after the onset of
clinical symptoms™, Both the risk of multiorgan fail-
ure (MOF) and infectious complications appear to be
related to the degree of pancreatic necrosis’ . If patients
survive the critical early stages of systemic inflammatory
response, development of septic complications is a ma-
jor determinant of survival. Infected pancreatic necrosis
and sepsis-related multiple organ failure account for up
to 40%-50% of all deaths among AP patients"”,

At present it is widely accepted that the premature
activation of digestive enzymes within pancreatic acinar
cells is an initiating event that leads to the autodigestion
of pancreas““’m]. Once the disease process is initiated,
common inflammatory and tepair pathways are invoked.
There is a local inflammatory reaction at the site of in-
jury; if marked, this leads to a systemic inflammatory re-
sponse syndrome (SIRS). An imbalance between the eartly
SIRS, and the later compensatory counter-inflammatory
response (CARS), and development of MOF ate consid-
ered to be the primary causes of morbidity and mortality
in severe acute pancreatitis. Excessive leukocyte activation
(including neutrophils and monocyte-macrophage lineage)
with cytokinemia plays a critical role in the pathogenesis
of pancreatitis and even more so, of the subsequent in-
flammatory response "', Tt has been hypothesized that
fatal pancreatitis is a consequence of abnormal phago-
cytic leukocyte hyperstimulation due to deregulation in
T- and B-lymphocyte activation. However, the role of
lymphocyte activation and its relation to the severity of
disease in humans is still pootly understood"* !, Another
important drawback, in our opinion, is that the majority
of information about the alterations of the immune sys-
tem during the AP comes from iz vitro and in vivo studies,
and therefore it is not always directly applicable and rel-
evant to the clinical situation in human acute pancreatitis.

Several methods for estimating severity of acute pan-
creatitis are widely used today and include APACHE I,
Imrie and Ranson scores, the CT scoring system, and
measurement of C-reactive protein and a number of lab-
oratory markers™ >, Most of these multifactorial scores
and laboratory tests are very good at identifying the criti-
cal situation, when MOF or local complication supervene,
however, none can accurately predict the disease severity,
development of pancreatic necrosis and/or possible fatal
outcome during the first hours of hospitalization.

Thus, the aims of this study have been to investigate
the secretion patterns of pro- and anti-inflammatory cy-
tokines, and to estimate the activation of various cellular
subsets of leukocytes (including lymphocytes, neutrophils,
and monocyte-macrophage lineage) in peripheral blood
of patients with severe and mild AP. Another goal of this
study was to identify the serum soluble molecules that are
associated with the development of severe acute pancrea-
titis, and which could be used as early markers to assess
the local (pancreatic necrosis) and systemic complications
(SIRS, MOF) later in the course of the disease.
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MATERIALS AND METHODS
Study design and patient population

We have conducted a prospective observational study
in the period between June 2005 and December 2007.
All patients admitted to the Department of Surgery at
Kaunas University of Medicine Hospital (Lithuania)
with a diagnosis of acute pancreatitis and onset of the
disease within last 72 h were included in this study (»
= 108). The Regional Ethics Committee approved the
study (protocols No. BE-2-47 and P1-113/2005) and all
the patients provided written informed consent.

The diagnosis was established on the basis of acute
abdominal pain, at least 3-fold elevated levels of serum
amylase and typical radiological findings. A contrast-
enhanced CT scan was performed on days 4 to 7 after
onset of the disease to demonstrate the presence of
pancreatic necrosis. According to the clinical course and
clinical severity scores (APACHE 1T > 7; Imrie-Glasgow
> 2; MODS > 2), patients were stratified into mild and
severe acute pancreatitis groups. Clinical data relating to
the severity of disease, development of organ dysfunction
and/or septic complications were prospectively collected
in a standardized fashion. Patients with undetlying chronic
pancreatitis and patients with acute pancreatitis referred to
our hospital from other institutions after management for
more than 3 d wete excluded from this study. Age- and
sex-matched healthy subjects (# = 18) without previous
medical history were entolled as controls.

Peripheral blood samples from patients were drawn
on admission to the hospital and, after centrifugation,
samples were stored at -80°C until analysis. The blood
samples of control group underwent a similar process.
Blood sample analysis was uniformly performed at the
Laboratory for Molecular Research of Pancreas, Depart-
ment of Surgery, Heidelberg University (Germany). The
mRNA expression of 25 different types of cytokines in
white blood cells (WBCs) was determined by quantitative
real time polymerase chain reaction (QRT-PCR). Levels
of 8 different cytokines in blood serum were measured
by enzyme linked immunosorbent assay (ELISA) ac-
cording to the manufacturer’s instructions (Sigma-Aldrich
GmbH, Steinheim, Germany).

Statistical analysis

Clinical data and cytokine expression results were used
for statistical analysis. Statistical analysis was performed
using SPSS® for Windows release 14.0 (SPSS, Chicago,
Illinois, USA). Discriminant function analysis was used
to determine differences between the groups. The diag-
nostic performance of a test, with a particular cut-off
value, was established using Receiver Operating Charac-
teristic (ROC) curve analysis. The data are presented as
mean T SE or median. For comparison between groups,
the Mann-Whitney test or Student’s £ test were employed
where appropriate. Results with P < 0.05 were consid-
ered statistically significant.
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Figure 1 Cytokine expression at mRNA and protein level in peripheral blood of healthy subjects and acute pancreatitis (AP) patients. A: Gene expression in
peripheral blood leukocytes of healthy subjects and AP patients. Gene expression at mRNA level of 25 different cytokines, adhesion molecules, lymphocyte activation
markers, and other biologically active substances known to be linked to the inflammatory response were assessed by quantitative real time polymerase chain reaction
(QRT-PCR) in peripheral blood leukocytes of AP patients and healthy controls. A median 18-fold (range: 2-77) increase in mRNA expression of pro-inflammatory
molecules was observed in the AP group in comparison to healthy control subjects (HC). Activation of the anti-inflammatory system and some cytoprotective molecules
was also notable in the AP patient group. Cytokine mRNA expression levels with statistically significant differences between AP and healthy control groups are shown;
B: Cytokine concentration in blood serum of healthy controls and AP patients. Expression of eight different soluble molecules at protein level was assessed in serum of
AP patients and healthy subjects using the enzyme linked immunosorbent assay (ELISA) method. A median 3-fold (range: 2-59) increase in protein expression of pro-
inflammatory molecules was observed in the AP group when compared to HC. Cytokine expression levels with statistically significant differences between AP and healthy
control groups are shown. IL: Interleukin; TNF-c.: Tumor necrosis factor-c; IFN-y: Interferon-y; MPO: Myeloperoxidase; MIF: Macrophage migration inhibitory factor.

RESULTS

One hundred and eight patients (55 male and 53 female,
mean age 54.1 = 16.7 years) diagnosed with AP were in-
cluded in the study. The main etiological factors of AP
were alcohol (42.6%), high-fat diet (25.9%) and biliary
stones (25.0%). Idiopathic pancreatitis was diagnosed in
7 cases (6.5%). Severe acute pancreatitis (APACHE 1I
> 7) comprised 44.4% of all cases. Necrotizing AP was
detected by contrast-enhanced CT in 52 patients (48.1%),
and high volume (> 30%) necrosis was present in 34 cases
(31.3%). Multiple organ failure (> 2 systems) developed in
18 cases (16.7%). Overall mortality in our follow-up group
was 12.9%; 9 patients (8.3%) died within first 2 wk of the
disease and 5 patients (4.6%) later in the course of the
disease. Eighteen healthy subjects (10 male and 8 female,
mean age 40.1 + 19.8 years) were studied as controls.
Gene expression at mRNA level of 25 different
cytokines, adhesion molecules, lymphocyte activation
markers, and other molecules known to be linked to the
inflammatory response wete assessed in peripheral blood
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leukocytes of AP patients and healthy controls. Results
showed a typical pro-inflammatory cytokine profile in
AP patients with an activation of different subsets of
leukocytes (lymphocytes, monocyte-macrophage line-
age and neutrophils). Activation of anti-inflammatory
system and some cytoprotective molecules was also
notable in the AP patient group (Figure 1A). A median
18-fold (range: 2-77) increase in mRNA expression of
pro-inflammatory molecules was observed in the AP
group in comparison to healthy controls. Expression
of eight different soluble molecules at protein level was
also assessed in peripheral blood serum of AP patients
and healthy subjects using the ELISA method. Analysis
revealed a typical over-expression of pro-inflammatory
cytokines and altered expression of anti-inflammatory
cytokines in AP patients compared to the healthy volun-
teers (Figure 1B). A median 3-fold (range: 2-59) increase
in protein expression of pro-inflammatory molecules
was observed in the AP group in comparison to healthy
controls. Since many of these changes have been shown
in other animal and clinical studies, this served as a
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Clinical severity scores and Mild AP Severe AP P
patient characteristics

Apache T (score) 3.6+1.9 116+47 <0.01
Imrie-Glasgow (score) 22+12 44+15 <0.01
MODS (score) 11+£13 43+34 <0.01
Necrotizing AP (count) 16 36 <0.01
C-reactive protein (mg/L) 91.8+18.7 1529215 <0.01
Necrosis volume > 30% (count) 8 26 <0.01
Infectious complications (count)’ 2 12 <0.01
Presence of MOF (count) 0 18 <0.01
Need for surgery (count)® 1 5 0.06
ICU stay (d) 1.0£1.0 90+£2.0 <005
Total hospital stay (d) 120+£1.0 19.0£30 <0.05
Number of early deaths (< 2 wk) 0 9 <0.01
Number of late deaths (> 2 wk) 0 5 <0.01

'Infectious complications: proven sepsis, infected pancreatic necrosis, lung
and urinary infection; *Need for surgery: fasciotomy for intraabdominal
compartment syndrome and/or necrosectomy. AP: Acute pancreatitis;
MOF: Multiple organ failure; ICU: Intensive care unit.

control and proved that our methods function well.

For the next step of statistical analysis, AP patients
were stratified into groups according to the severity of the
disease based on presence of systemic (development of
MOF) and local (pancreatic necrosis > 30%) complica-
tions, since these are the factors know to be associated
with a poor outcome. Groups were formed on the basis
of radiological findings on contrast-enhanced CT and
APACHE 1 clinical score, where all patients with score
> 7 wete ascribed to the severe acute pancreatitis (SAP)
group. Both SAP and necrotizing AP were associated with
higher incidence of MOFE, higher mortality and prolonged
ICU and overall hospital stay. Whereas mild AP patients
showed 0% mortality, overall mortality rate among SAP
patients was 27% (P < 0.01) and early mortality (during
first two weeks from the onset of the disease) was 64%
(P < 0.01). In the necrotizing AP group overall mortality
rate was 25% (P < 0.01), and early mortality was 62% (P
< 0.01), compared to the 1.8% mortality rate seen in the
edematous pancreatitis group. The main differences in
clinical course and outcome of patients with mild and se-
vere disease are revealed in Table 1. Interestingly, both se-
vere and necrotizing AP were associated with a significant
reduction in number of circulating blood lymphocytes,
although there was no statistically significant difference in
total WBC count (Figure 2). The mean WBC count in the
SAP group was 14.76 £ 0.95 X 109/L compared to 13.92
+0.62 X 10°/L in the mild AP group (n.s.). The mean
WBC count in the necrotizing AP group was 14.38 + 0.91
X 10’ /L compared to 14.27 £ 0.75 X 10’/L in the edema-
tous AP group (n.s.). However, the number of circulating
lymphocytes in petipheral blood was reduced by 25% in
the SAP compared to the mild AP group (P < 0.05), and
by 17% in the necrotizing AP group compared to the ede-
matous AP group (P < 0.05). Based on the significance
and clinical relevance of these findings we investigated the
presence of possible common molecular pathways leading
to development of severe and necrotizing AP.
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Figure 2 Reduction in number of lymphocytes during severe and
necrotizing AP. Number of circulating lymphocytes in peripheral blood was
significantly reduced in severe acute pancreatitis (SAP) compared to mild AP
groups (0.89 + 0.08 x 10°/L vs 1.18 + 0.07 x 10°/L, P < 0.05), and in necrotizing
compared to edematous pancreatitis groups (0.94 + 0.08 x 10%L vs 1.13 + 0.08
x 10°/L, P < 0.05). These findings demonstrate the presence of possible common
molecular pathways leading to the development of severe and necrotizing AP.

QRT-PCR analysis of cytokine mRNA expression lev-
els in patients with severe and mild disease revealed some
conflicting results (Figure 3A). Firstly, study showed that
SAP is characterized by decreased intracellular mRNA lev-
els of intetleukin (I1)-1 and interferon-y (IFN-y). Second-
ly, SAP was also associated with a marked dectease in the
levels of CD25 and CD69 mRNA in peripheral blood leu-
kocytes. However, severe and necrotizing pancreatitis was
associated with a very high activation of neutrophils and
macrophages as demonstrated by neatly ten-fold higher
mRNA expression of elastase and myeloperoxidase in pe-
ripheral WBCs. Another quite unexpected result showed
a significantly lower mRNA expression of ICAM-1 and
macrophage migration inhibitory factor (MIF) in periph-
eral WBCs (but not in the blood serum) from patients
with SAP compared to that of mild AP patients. Analysis
of cytokine protein expression levels showed that SAP
was associated with a typical SIRS and 2-5 fold increase
in expression of pro-inflammatory cytokines (IL-6, IL.-8,
MIF), as well as induction of compensatory and regula-
tory mechanism (IL-10) (Figure 3B). Enormously high
levels of leukotriene B4 (LTB4) associated with neutrophil
activation and injury to the vital organs were recorded in
patients who died during the eatly stages of the disease.

Another important issue is whether the serum soluble
molecules could be used as accurate eatly matkers to pre-
dict the development of local (pancreatic necrosis) and
systemic complications (SIRS, MOF) later in the course
of the disease. Discrimination function analysis was used
to determine differences between the groups of patients
with mild and severe AP, edematous and necrotizing AP,
and between survivors and those with fatal outcome. We
included five variables (IL-6, 1L-8, IL-10, MIF and L'TB4)
in a study in order to find out which serum markers are
the best discriminators of the above mentioned groups.
At each step, the variable that minimized the overall Wilks’
TLlambda was entered into the discriminant model thus re-
vealing that IL.-6 and MIF values were significant discrimi-
nators between groups of patients with mild and severe
disease, as well as between survivors and non-survivors.
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Step Entered Wilks” Lambda
Statistic df1 df2 df3 Exact F
Statistic df1 df2 P

Severe vs mild

1 IL-6 0.739 1 1 70.000 24.696 1 70.000 0.000

2 MIF 0.675 2 1 70.000 16.635 2 69.000 0.000
Edematous vs necrotizing

1 IL-6 0.851 1 1 70.000 12.261 1 70.000 0.001

2 MIF' 0.943 1 1 70.000 4.247 1 70.000 0.043
Survivors vs non-survivors

1 IL-6 0.761 1 1 70.000 22.005 1 70.000 0.000

2 MIF 0.709 2 1 70.000 14.153 2 69.000 0.000

"Not included in the original model using the standard stepwise method due to its low discrimination value. At each step, the variable that minimizes the
overall Wilks” Lambda is entered. IL-6: Interleukin-6; MIF: Macrophage migration inhibitory factor.
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Figure 3 Cytokine expression at mRNA and protein level in peripheral blood of patients with mild and severe AP. A: Gene expression in peripheral blood
leukocytes of MAP and SAP patients. QRT-PCR analysis revealed that SAP is characterized by significantly decreased intracellular mRNA levels of interleukin (IL)-1
and interferon (IFN)-y. SAP is also associated with markedly lower mRNA expression levels of CD25 and CD69 in peripheral blood leukocytes. However, severe and
necrotizing pancreatitis was associated with a very high activation of neutrophils and macrophages as demonstrated by nearly ten-fold higher mRNA expression of
elastase and myeloperoxidase in peripheral white blood cells (WBCs). A significantly lower mRNA expression of ICAM-1 and macrophage migration inhibitory factor
(MIF) was observed in peripheral WBCs (but not in the blood serum) from patients with SAP compared to that of MAP group. Cytokine mRNA expression levels
with statistically significant differences between MAP and SAP groups are depicted; B: Cytokine concentration in blood serum of MAP and SAP patients. Analysis
of cytokine expression at protein levels shows that SAP is associated with a typical systemic inflammatory response syndrome (SIRS) and 2-5 fold increase in
expression of pro-inflammatory cytokines (IL-6, IL-8, MIF). Induction of a compensatory and regulatory mechanism (IL-10) is also observed in this group. Up to 4-5
fold higher levels of LTB4 were recorded in patients who died during the early stages of the disease. Cytokine expression levels with statistically significant differences

between AP and healthy control groups are shown.

Statistical analysis revealed that I1.-6 values differed signif-
icantly in groups of patients with and without pancreatic
necrosis (Table 2). A particular cut-off value for IL-6 and
MIF was established using Receiver Operating Charac-
teristic (ROC) curve analysis to practically discriminate
cases with severe, necrotizing and fatal acute pancreatitis
(Figure 4A and B). Comparison of ROC curves for 1L-6
and MIF showed no significant differences in diagnostic
performance of these two routine tests, except for the
discrimination of edematous and necrotizing pancreatitis
where IL-6 proved to be of superior value.

DISCUSSION

Alteration of the immune system is one of the major
mechanisms responsible for early and late mortality in
severe AP. Excessive inflammatory reaction, known as
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systemic inflammatory response syndrome (SIRS), is con-
sidered as the leading cause of death in carly AP"***%,
The role of lymphocytes in this phenomenon has been
partly studied and the knowledge of the mechanisms in
humans is still incomplete™™" . In agreement with previ-
ous studies, we found a significant depletion of circulat-
ing lymphocytes which was much more profound in the
severe and necrotizing forms of pancreatitis™* >\, In our
study, significant activation of lymphocytes was obsetrved
in the case of AP compared to healthy controls, as shown
by strong expression of CD69 and CD25. The surface re-
ceptors CDG69 and CD25 (IL-2 receptor) are early markers
of lymphocyte activation. Increased expression of CDG69
as well as of CD25 on CD3+, CD4+ and CD8+ cells
have recently been reported in mild AP. It has also been
suggested that the number of B-lymphocytes (CD19+)
expressing CDG69 was significantly lower in patients with
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Figure 4 Prognostic utility of IL-6 and MIF in diagnosis of severe, necrotizing and fatal AP. A: Performance of serum IL-6 in diagnosis of severe, necrotizing
and fatal AP. The diagnostic performance of a test for discriminating severe, necrotizing and fatal cases of AP was evaluated using Receiver Operating Characteristic
(ROC) curve analysis. Study revealed that serum IL-6 concentration is a good predictor of the severe disease and systemic complications (SIRS, MOF); this marker
could also be utilized for the stratification of patients with necrotizing AP and those with possible fatal outcome; B: Performance of serum MIF in diagnosis of severe,
necrotizing and fatal AP. The diagnostic performance of a test for discriminating severe, necrotizing and fatal cases of AP was evaluated using ROC curve analysis.
Study revealed that serum MIF concentration is a good predictor of the severe disease and systemic complications (SIRS, MOF); this marker could be used for early
identification of patients with possible fatal outcome. Comparison of ROC curves for IL-6 and MIF showed no statistically significant differences in this respect (P =
0.18 for severity; P = 0.58 for mortality). However, serum MIF concentration has very poor prognostic value in predicting the development of pancreatic necrosis and
is inferior to IL-6 serum concentration in this respect (P < 0.01). AUC: Area under curve; Sens.: Sensitivity; Spec.: Specificity; PPV: Positive predictive value; NPV:

Negative predictive value.

severe pancreatitis than in patients with mild pancrea-
titis®***. We have also observed a significantly lower
expression of both CD69 and CD25 surface receptors in
peripheral blood leukocytes from SAP patients. Marked
activation of different subsets of lymphocytes may ex-
plain why we have observed strong elevation of differ-
ent cytokines in peripheral blood, despite a significant
decrease in the number of circulating lymphocytes. One
of the possible reasons for the decreased number of cit-
culating lymphocytes is strong migration of activated cells
to the sites of inflammation, including the pancreas and
other tissues such as lungs or kidneys, as an element of
SIRS"* Another possible explanation is an excessive
elimination of lymphocytes by apoptosis. Interestingly,
the available data indicate that lymphopenia caused by the
decrease of different lymphocyte subpopulations is also
characteristic for other diseases with severe tissue damage,
e.g. critical injury, sepsis and acute severe respiratory syn-
drome (ARDS)"*,

Polymorphonuclear leukocytes, monocytes, tissue mac-
rophages, lymphocytes, natural killer cells, and parenchy-
mal cells are involved in a complex network of the host
defense response in the case of tissue damage caused by
severe AP, burns, accident trauma, major surgical interven-
tions or sepsislzo’39’41’4zj. An overwhelming pro-inflamma-
tory response (hyperinflaimmation) leads to the clinical
manifestations of SIRS and finally to host defence failure
expressed by multiple organ failure (MOF). The up-regu-
lation of pro-inflammatory factors, such as TNE, IL-1 and
IL-6, observed during the SIRS phase can be followed by
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a second response that involves down-regulation of IFN-y
and increase in anti-inflammatory cytokines, such as IL-10
and transforming growth factor-f3. This counter regulatory
phenomenon is called the compensatory anti-inflamma-
tory response syndrome (CARS)"™. However, this can
result in the development of immunosuppression and is
often associated with elevation of IL-10 and the shift of
the Th1/Th2 balance towards a Th2 response“7’20’39’421. The
network of various cytokines and other molecules partici-
pating in the regulation of the inflammatory processes is
indeed very complex, and the precise timing of the release
and activation of these mediators is not well known. Nev-
ertheless, our study also shows that both SIRS and CARS
occur in a real clinical situation and at a certain stage of the
disease might even develop simultaneously. However, in
the case of severe AP, the counter-regulatory mechanisms
may lead to the dysfunction of immune cells mainly due to
the significant decrease in total systemic lymphocyte count
and the hyper-production of IL-10, which might suggest
that T regulatory 1 cells (Tr1) are especially active in the
course of severe disease”’

Involvement of other cellular subsets of leukocytes,
mainly neutrophils and monocyte-macrophage lineage,
in the development of SAP is also readily supported by
our study. Neutrophils exert their toxicity by releasing my-
eloperoxidase (MPO), proteases such as elastase and reac-
tive oxygen species (ROS) such as H202". 1n our study
we have observed a very high mRNA expression of MPO
and polymorphonuclear leukocyte elastase in cases of
severe and necrotizing pancreatitis. Increased production

April 21,2010 | Volume 16 | Issue 15 |



Dambrauskas Z et a/. Cytokine expression in severe acute pancreatitis

of platelet activating factor (PAF) and LTB4 is also
closely associated with an activation of monocytes and
neutrophils, and increased migration of neutrophils to
pancreas and other target organs, including lungs and kid-
neys™***!. We have also recorded noticeably higher levels
of serum L'TB4 in patients suffering from severe and fatal
acute pancreatitis. Furthermore, patients with severe and
necrotizing AP exerted very high serum levels of MIE
MIF is predominantly released by monocytes, macrophag-
es and Th2 T-cell clones; it is associated with activation of
immune cells and release of pro-inflammatory cytokines
overriding glucocorticoid action at the site of inflamma-
tion. It is also known to be associated with a lung injury
during SIRS through counter-regulation of the effect of
glucocorticoids and through up-regulation of macrophage
inflammatory protein-2, which itself serves as a potent
chemo-attractant to the neutrophﬂsm’m.

The infiltration of inflaimmatory cells into the pan-
creas is an early and central event in acute pancreatitis
that promotes local injury and systemic complications
of the disease. Recent research has yielded the important
finding that resident cells of the pancreas (particularly
acinar and pancreatic stellate cells) play an important
role in leukocyte attraction wza secretion of chemokines,
cytokines and expression of adhesion molecules”™" ™,
We believe this could at least partially explain the occur-
rence of systemic lymphopenia, lower CD25, CD69 and
ICAM-1 mRNA expression in cases of SAP. Activation
of inflammatory cells and release of cytokines into the
systemic bloodstream at the site of injury is possibly also
an explanation for the discrepancy of low MIF mRNA
expression in peripheral WBCs in association with high
serum concentration of MIF in the case of severe and
necrotizing pancreatitis.

Having identified the inflaimmatory mediators that
are significantly up-regulated in serum of patients with
severe and necrotizing AP (IL-6, IL-8, 1L.-10, MIF and
LTB4) in comparison to those with mild disease, we
have also evaluated the prognostic utility of these mol-
ecules in predicting the negative outcome of the disease.
In accordance with the findings of other studies we have
confirmed that both serum I1.-6 and MIF concentrations
are very good discriminators of severe AP accompanied
by MO, and could be used as early markers of possible
fatal outcome. However, in contrast to the recent study
of Rahman ¢ /" we failed to demonstrate that MIF
is an early specific prognostic marker for the develop-
ment of pancreatic necrosis. In our experience, serum
IL.-6 concentration was superior in this respectm’%’sﬂ.
Nonetheless, serum MIF concentration may serve as an
important prognostic marker that could identify patients
likely to benefit from aggressive medical treatment and
early transfer to specialist pancreatic units. At the mo-
lecular level, targeted disruption of these proteins with
monoclonal antibodies may afford some therapeutic
benefit in preventing the development of MOEF, pancre-
atic necrosis, and septic complications.

Deregulation of the cellular immune system is a key
event leading to the development of severe and necrotiz-
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ing AP. Severe and necrotizing AP is characterized by the
significant depletion of circulating lymphocytes in the
bloodstream as a result of increased migration of these
cells to the site of injury and other vital organs, includ-
ing lungs and kidneys. Infiltration of pancreas and other
peripheral organs by aberrantly activated inflammatory
cells occurs within the first hours after onset of acute
pancreatitis and leads to the development of SIRS and
MOF. This whole process is regulated by a large number
of cytokines and is an extremely complex network of
intercellular interaction. It is clear that detailed elucida-
tion of the numerous processes in the inflammatory
cascade is an essential step towards the development
of improved therapeutic strategies in acute pancreatitis.
Published studies suggest that combination therapy tar-
geting different steps of the inflammatory cascade may
be the treatment of choice for this disease.

Data from other authors and from out current study
demonstrate that serum I1.-6 and MIF concentrations
are very good discriminators of severe and necrotizing
AP as well as of possible fatal outcome during the first
hours and days after the onset of the disease. Therefore,
these molecules could be used as markers for patient
stratification and/or predicting the outcomes of AP
in the early stages of the disease. However, their true
prognostic utility, clinical and health care resource impli-
cations need to be further evaluated in a larger patient
population and in the context of other currently existing
diagnostic markers and indices.

COMMENTS

Background

Mortality of patients with severe acute pancreatitis (SAP) approaches 30%-40%.
An imbalance between the early systemic inflammatory response syndrome
(SIRS), and the later compensatory counter-inflammatory response, and
development of multiple organ failure (MOF) are considered to be the primary
causes of morbidity and mortality in SAP. Excessive leukocyte activation (including
neutrophils and monocyte-macrophage lineage) with cytokinemia play a critical
role in the pathogenesis of pancreatitis and even more so, of the subsequent
inflammatory response. Thus, the aims of this study have been to investigate
the secretion patterns of pro- and anti-inflammatory cytokines, and to estimate
the activation of various cellular subsets of leukocytes (including lymphocytes,
neutrophils, and monocyte-macrophage lineage) in peripheral blood of patients
with severe and mild AP.

Research frontiers

It has been hypothesized that fatal pancreatitis is a consequence of abnormal
phagocytic leukocyte hyperstimulation due to deregulation in T- and B-lymphocyte
activation. However, the role of lymphocyte activation and its relation to the
severity of disease in humans is still poorly understood. Another important
drawback is that the majority of information about the alterations of the immune
system during the AP comes from in vitro and in vivo studies, and therefore is not
always directly applicable and relevant to the clinical situation in human AP.

Innovations and breakthroughs

This study by Dambrauskas et al confirms that human severe and necrotizing
AP is characterized by the significant depletion of circulating lymphocytes. SAP
is associated with a severe systemic inflammatory response syndrome (SIRS)
and over-expression of pro-inflammatory cytokines [interleukin (IL)-6, IL-8, mac-
rophage migration inhibitory factor (MIF)]. The study demonstrates that serum
IL-6 and MIF concentrations are the best discriminators of severe and necrotiz-
ing AP as well as possible fatal outcome during the early course of the disease.
These cytokines could also be used as early predictors of local (pancreatic
necrosis) and systemic complications (SIRS, MOF) later in the course of the
disease. Deregulation of the cellular immune system is a key event leading to
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the development of severe and necrotizing AP. Infiltration of peripheral organs
by aberrantly activated inflammatory cells leads to the development of MOF.

Applications

Data from other authors and from the authors’ current study demonstrate that
serum IL-6 and MIF concentrations are very good discriminators of severe and
necrotizing AP as well as possible fatal outcome during the first hours and days
after the onset of the disease. Therefore, these molecules could be used as
markers for patient stratification and/or predicting the outcome of AP in the early
stages of the disease.

Terminology

Pancreatitis is a condition associated with development of acute and sudden
inflammation of the pancreas. In about 85% of patients, acute pancreatitis is a
mild disease and is usually associated with a rapid recovery within a few days
of onset of the illness. However, in 15%-20% of patients with acute pancreatitis,
severe damage to the pancreas may lead to a life threatening illness that is
often associated with prolonged hospitalization, multiple surgical procedures,
development of multiple organ failure, severe infective complications, and death
in some patients.

Peer review

This prospective observational study seeks to characterise the cytokine
expression profiles (at mRNA and protein levels) of patients with acute
pancreatitis and to correlate the profiles with disease severity.
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