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Abstract
Leukocytes participation to the pathogenesis of acute pancreatitis is getting more appreciation and extra understanding in immune signaling
and might provide potential therapeutic targets that could be a useful way to ameliorate local and systemic inflammation in acute pancreatitis (AP).
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Introduction
Acute pancreatitis (AP) is an acute inflammatory process of
pancreatic gland that characterized by trypsinogen activation of
intra acinar cells with inflammatory response can be extended to
remote organs [1]. AP has been encountered in many countries
with increased incidence [2,3]. In fact, the clinical manifestations of
AP are variable and range from mild, with self-limiting abdominal
disturbance and may go away without treatment, to severe cases
that can cause life-threatening complications [4]. Normally, the
complications that associated with mild case may recover within
couple of days [5]. In contrast, severe case of AP can develop a
local necrosis and systemic inflammation that can present in 2030% of patients and associated with up to 40% of mortality rate
[6]. Although many studies have been tried to investigate a specific
therapy of AP, however, so far it is largely limited to supportive
therapies. Subsequently, management of patients with AP poses this
problem a great challenge to clinicians. Therefore, it is suggested
that understanding the pathophysiological mechanism of AP might
be a key step in treatment this disease.
Having established that trypsinogen activation, inflammation
and impaired microvascular perfusion are merged components
in pathophysiology of AP [7,8]. It is well known that activation of
trypsinogen appears to be initiated in the early step which can
result in auto-digestion of pancreatic tissue. Indeed, leukocytes
migration and recruitment have been shown to be a hallmark of

inflammation and previous studies have implicated leukocytes in
development of AP [9,10].

Role of Neutrphil in AP

Neutrophils are most abundant type of granulocytes and
represent the first defense line of host immune response [11].
These cells are originally generated by bone marrow stem cells.
Neutrophils have short live and characterized by their ability to leak
from circulation out into damaged tissue [12]. During inflammation
of AP, it has been observed that chemoattractant can be released
into circulation and can cause neutrophils rolling and migration into
pancreatic tiusse [13]. For example, previous studies have found
that inflamed pancreas can release chemokines, such as CXCL1 and
CXCL2 that direct the neutrophils to site of inflammation [14,15].
CXCR2 is a receptor expressed on murine neutrophil and has high
affinity for CXCL1 and CXCL2 [16,17]. This receptor has observed to
be a critical for neutrophil infiltration in the pancreas [18].
Furthermore, it has been observed that P-selectin has a key
role in neutrophil rolling and recruitment in severe pancreatitis
[19]. Indeed, a previous study has demonstrated that targeting
P-selectin showed a significant reduction in the inflammation of
AP 19. In addition, ICAM-1 and vascular cell adhesion protein 1
(VCAM-1) are other two important molecules that involved in
leukocyte adhesion [20]. These proteins have been found to mediate
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leukocyte migration via binding with their ligands on leukocytes
such as lymphocyte function associate antigen-1 (LFA-1) (CD11a/
CD18), and macrophage antigen-1 or (Mac-1) (CD11b/CD18) on
neutrophils [21,22] as showed in (Figure 1).
During the development of local tissue injury proinflammatory
compounds e.g. MIP-2, are synthesised and released. Circulating
immune cells encountering such secreted substances are triggered
to express adhesion molecules. The leukocyte endothelium
interaction reduces leukocyte velocity, enabling rolling and
subsequently firm adhesion. These mechanisms are relying
on specific subsets of adhesion molecules such as selectins or
integrins. Chemotaxis along a concentration gradient directs the
inflammatory cells to the site of injury. Having established that
activated trypsin has a key role in activation of trypsinogen by
proteolytic cleavage and in turn trypsin can rapidly activates other
pancreatic proenzymes [23]. In fact, a previous study has found
that the initial step of trypsinogen activation is independent on
neutrophils, however, later on trypsinogen activation showed to be
dependent on neutrophils 9.

Role of Neutrophil Extracellular Traps in AP

A growing line of evidences has shown that neutrophils consider
the first defense line against different infectious invaders such as
bacteria, fungi and protozoa. During the inflammation, neutrophils
chemoattracted and migrate the blood vessels toward the inflamed
tissue by following the chemotactic compounds [24,25]. Activated
neutrophils can use various mechanisms to kill invading pathogen.
For example, neutrophils have been observed to release web-like
structures called neutrophil extracellular traps (NETs) [26,27].
Structurally, NETs consist of DNA, histones, neutrophil elastase
and myeloperoxidase (MPO) as well as embedded antimicrobial
granular proteins [28,29]. NETs are released to extracellular
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spaces by process called netosis which is another type of cell death
program that results in decondensation of neutrophil chromatin
[30]. In fact, NETs consider as sword with two edges. On one hand,
NETs have shown to provide the host with a defense mechanism
against invading pathogens by trap and kill them [28]. On the other
hand, it has been shown that NETs have a potent inflammatory
role in various inflammatory diseases such as rheumatoid arthritis
(RA) [31], vascular disorder [32], inflammatory lung diseases [33].
Moreover, Merza et al have observed for the first-time formation of
NETs in the inflamed pancreas [34], as shown in (Figure 2).
1.
Scanning electron microscopy showing extracellular
web-like structures in the pancreas from a mouse exposed to
taurocholate. Scale bar: 5mm.
2.
A higher magnification of the indicated area of interest
from (Figure 1) showing fibrillar structures compatible with
NETs in the inflamed pancreas. Scale bar: 2mm.

3.
Transmission electron microscopy of the indicated area
of interest from (Figure 1) incubated with gold-labeled antihistone 2B (large gold particles) and anti-elastase (small gold
particles) antibodies. Scale bar: 0.25mm [35].

Mechanically, the authors have found that peptide arginine
deminase (PAD4) regulates NETs formation and inflammation in AP
35. Moreover, they found also that protein signaling also regulate
NET formation in AP. for example, they found that c-abl kinase
regulates NETs formation via controlling reactive oxygen species
(ROS) generation 13, as showed in (Figure 3). Quantification of
ROS formation in isolated neutrophils by flow cytometry. TNF-𝛼 
stimulation of neutrophils with or without GZD824. No stimulated
neutrophils served as a control. Representative histogram of ROS
generation and aggregate data. Data represent mean ± SEM and n =
#P<0.05 versus control and *P < 0.05 versus vehicle + TNF-α [35].

Figure 1: Diagram of Leukocyte extravasation.
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Figure 2: NET formation in AP.

Figure 3: ROS formation in Neutrophils.
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