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INTRODUCTION

In according to revision the Atlanta classification of acute 

pancreatitis (AP), AP classified 3 degrees of severity such as 

mild, moderately severe and severe AP. The definition of se-

verity is based on the presence or absence of persistent or-

gan failure which uses the modified Marshall scoring system 

and local and systemic complications. Mild AP defines as 

lack of organ failure and local/systemic complications. The 

organ failure that resolves within 48 hours and/or local or 

systemic complications defined as moderately severe AP. 

Severe AP is defined as when persistent single or multiple 

organ failure more than 48 hours.1 Most patients with AP 

present with mild form and runs benign course that an un-

eventful recovery without organ dysfunctions and extremely 

low mortality. However, about 10~20% of patients are 
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progress to severe AP.2 It is important to determine severity 

early in the course of AP, because morbidity and mortality 

are quite different according to severity of the disease. Early 

identification of patients at risk for severe AP would appro-

priate critical care to reduce mortality. The mortality of se-

vere AP is estimated about 10~20% despite of improve-

ments in clinical care modalities.3,4 In spite of many 

advances in diagnosis and management of AP, its pathogen-

esis is scarce although several mechanisms are proposed 

nowadays. It is known that the inappropriate activation of 

an inflammatory cascade is to be associated with develop-

ment of severe AP.5,6 However, the pathogenesis of severe 

AP is complicated. In this paper will be summarizes the pro-

posed intra and extra acinar cell pathophysiologic mecha-

nisms of severe AP focusing on development and progres-

sion.

PATHOGENESIS OF ACUTE PANCREATITIS

Several pathophysiologic mechanisms were proposed in 
AP but, the exact pathophysiologic mechanism is not well 
demonstrated. After the initial injury to the pancreatic aci-
nar cell, whatever the triggering factor, events take a simi-
lar path for all patients with AP. Intra-acinar cellular tryp-
sinogen activate to trypsin which then activates the other 
inactive proteases like domino and subsequent autodiges-
tion have been regarded as the key pathogenesis of AP 
from Chiari who proposed the autodigestion theory in 
1896.7 However, the AP is regarded as a kind of an inflam-
matory disorder induced by many various causes nowa-
days. The intra cellular trypsinogen activation only part of 
the pathogenesis of AP. Inflammatory mediators is another 
very important pathophysiologic mechanism of AP.8 In ad-
dition, Dawra et al.9 reported that intra-acinar trypsinogen 
activation contributes to early acinar injury, but local and 
systemic inflammation progresses independently during 
pancreatitis. The intra cellular inflammatory response 
which occurred as independently of trypsinogen activation 
may be a crucial pathophysiologic mechanism of pancre-
atitis.9 The inflammatory response and mediators are play-

ing an important role in the development and progression 
of AP. The progression of AP can be viewed as a three-
phase continuum: local inflammation of the pancreas, a 
generalized inflammatory response, and the final stage of 
sepsis, with multiple organ damage.10 Initial phase is char-
acterized by premature activation of zymogen granules re-
leasing active enzymes which cause acinar cell injury, au-
todigestion of pancreas and peripancreatic tissue. In 
second phase, recruited neutrophils in the pancreas induce 
intrapancreatic and local inflammatory reaction mediated 
by cytokines which are released from neutrophils. In third 
phase, activated proteolytic enzymes and many inflamma-
tory cytokines lead to systemic inflammatory response 
syndrome (SIRS), acute respiratory distress syndrome 
(ARDS) and multiorgan failure (MOF). The disease pro-
cess can extend to any of the three phases, and is often re-
solved after the local inflammatory process, resulting in 
mild AP.

THE FACTORS FOR INFLUENCE OF  
SEVERITY OF AP 

1. The role of leukocyte

Leukocytes play an important role in the progression of 

the disease from a local inflammatory to SIRS early event 

during severe AP.11-13 It is known that leukocytes are hall-

mark of inflammation emigrate to pancreas under the influ-

ence of chemotactic agents in early stage of AP and the de-

gree of leukocyte infiltration was related to progress of 

severe AP.14 The excessive leukocyte stimulation involves in 

the pathogenesis of severe AP and leukocyte proposed as a 

prognostic marker in AP.14 Resulting from the inappropriate 

intra cellular activation of trypsinogen, autodigestion of 

pancreas tissue, resulting in necrosis of acini, peripancreatic 

fat necrosis and necrotizing vasculitis. The result of autodi-

gestion induces excess recruitment of leukocytes to the pan-

creas. The leukocytes play an important role in release of 

pro-inflammatory cytokines and oxygen derived free radi-

cals influence to development of acinar necrosis. These me-

diators are known as important elements which lead local 
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inflammation to systemic inflammatory response and even-

tually MOF in AP.15 It was known that the leukocyte deple-

tion or impaired leukocyte activity shows that ameliorate the 

severity of AP in experimental model. Therefore, the leuko-

cyte is one of an important role and influence factor for the 

disease pathogenesis, progression and eventually severity.16 

The adhesion molecules, inter-cellular adhesion molecule 1 

(ICAM-1), vascular adhesive molecule 1 (VCAM-1), and 

selectine which require to neutrophil migration and adhe-

sion in inflammatory area are upregulated in AP. They are 

also key role of AP progression from local to systemic dis-

ease as well as organ failure.17-19 The ICAM-1 leads to leuko-

cyte adhesion, increased capillary permeability, and reduced 

capillary blood flow velocity, and causes pancreatic micro-

circulatory disturbance through leukocyte-endothelial cell 

interaction.20,21 The degree of microcirculation derangement 

is related with concentration of adhesion molecules and the 

peripheral blood neutrophil ICAM-1 expression is signifi-

cant increase at early stage in severe AP but not in mild 

AP.17,22 In addition, the inhibition of ICAM-1 or VCAM-1 

by monoclonal antibody and use of antineutrophil antibody 

can attenuates the severity of AP and lung injury.23-25 The 

early measurement of serum ICAM-1 levels within 24 hours 

can distinguish severe AP from mild AP. Therefore, the 

ICAM-1 may be a simple, rapid, reliable and early predict-

able marker for severe AP.26

2. The role of cytokines and chemokines

Cytokines are low molecular weight glycoproteins that 
are secreted by antigen presenting cells and act as media-
tors of immunity and inflammation.27 In 1988, Rinderknecht 
was first hypothesized that cytokines may play an impor-
tant pathophysiologic role in AP and suggested that inap-
propriate activation of the immune system might increase 
the disease severity.14 It was reported that acinar cell itself 
like leukocyte can produce cytokine such as tumor necro-
sis factor α (TNF-α) in AP and this cytokine influence the 
patterns of acinar cell death.28 Activated neutrophils in AP 
could induce massive release of cytokines and reactive ox-
ygen species generation. The cytokines that released from 

leukocyte induce neutrophils accumulation in vital organs. 
Vital organs were damaged cause by neutrophils and the 
neutrophils in the damaged vital organ can reinduction of 
cytokines. The reinducted cytokines are contributed to in-
duce neutrophils accumulate in vital organs by second at-
tack (vicious cycle) eventually MOF in AP.15 It is known 
that trypsin act as a potent mediator of the cytokines and 
also another inappropriate activated proteases release into 
bloodstream stimulate the production of cytokines which 
can leads to SIRS in AP.29,30 The cytokine levels in blood 
were closely associated with the severity of illness on ad-
mission, the magnitude of MOF as well as with outcome. 
In human study, it was known that sustained release of 
both pro- and anti-inflammatory cytokines associate with 
severe acute pancreatitis and early MOF.31 TNF-α that 
mainly produced in macrophages and monocytes is inter-
act with other cytokines and has important role of inflam-
mation and shock. The TNF-α is released from pancreas 
acinar cell in early course of AP and the level of TNF-α in 
blood have increased in patients in AP with MOF.28,32 The 
proposed mechanisms of TNF-α induced pancreas injury 
are direct pancreas duct cell injury, formation of micro-
thrombus, ischemia, hemorrhage, necrosis and edema.33 
The neutralization of TNF-α with an antibody produced a 
mild improvement in the parameters and can significant 
reduction in mortality and enhance the therapeutic effec-
tiveness of octreotide for treatment of necrotizing AP in 
experimental studies.28,34,35 Interleukin (IL)-1 which mainly 
produced from macrophage is important mediator of AP. 
In usually, TNF-α and IL-1 are regarded as first line cyto-
kines. Therefore, IL-1 is important role in the early phase 
of AP and its level correlated with the severity and IL-1 
levels increased in AP, especially in case of organ failure.6 
IL-1β which formed from IL-1 mediation of IL-1 conver-
tase interacts with TNF-α to induce or aggravate organ in-
jury. IL-1β is strongly associated with the development of 
SIRS. In addition, IL-1 antagonist and IL-1β activating en-
zyme inhibitors are decrease mortality and histologic grad-
ing in experimental severe AP.36 IL-6 which produced by 
various cells but mainly generated from monocyte stimu-
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lated by TNF-α and IL-1β, its levels are increased in AP 
especially, in case of complicated AP.12,37 Therefore, the 
IL-6 levels are correlated with disease severity and nega-
tively correlated with prognosis. IL-6 can use an excellent 
predictor of disease severity in early phase of AP, because 
the IL-6 stimulates the synthesis of acute phase proteins, 
including C reactive protein, from hepatocytes.38 IL-10 is 
an anti-inflammatory cytokine that inhibit the release of 
pro-inflammatory cytokines such as, IL-1β, TNF-α, and 
IL-6. Pretreated IL-10 agonist reduced the inflammatory 
response and mortality in experimental AP model.39 The 
serum levels of IL-10 on the first day of the AP are higher 
in mild cases than in severe AP.40 Therefore, the IL-10 
levels are reverse correlated with severity of AP and the 
IL-10 act as a protective role in AP. The IL-4 and IL-11 

have also anti-inflammatory role and attenuate the histo-
logic severity in the early course of AP.41 Platelet activat-
ing factor (PAF) is a potent pro-inflammatory cytokines 
which regarded as an important mediator of the SIRS.42 
The roles of PAF are promotion of platelet adhesion, ag-
gregation, formation of thrombus, increase in capillary 
permeability and increase of blood viscosity. Therefore the 
PAF is closely related with microcirculatory disturbance.43 
The powerful PAF antagonist, Lexipafant, showed a de-
crease the incidence of organ failure in experimental study. 
However, the phase III trial did not show any improve-
ment in organ failure rate or mortality.44 Chemokines are 
8-10 kDa small cytokines which chemotactic effects of 
leukocyte into area of inflammation and infection. IL-8 is 
a potent neutrophic chemoattractant and an important role 
in ARDS. The levels of IL-8 are correlated with severity 
of AP.45,46 Anti-human IL-8 antibody reduce lung injury in 
an experimental AP.47 In summary, cytokines and chemo-
kines are important role in initiation and progression of 
AP (Fig. 1).48 The role of Transcriptional factors

3. The role of transcriptional factors

Nuclear factor-kappaB (NF-κB) that modulates the ex-
pression of most cytokines plays an important role in the 
initiation and progression of AP.49,50 In normal condition, 
NF-κB is inactive state by inhibitors of κB (IκB). When 
cells are stimulated, IκB was degraded and then NF-κB is 
translocation into the nucleus and bind to its cognate DNA 

Fig. 1. An overview of the development of the inflammatory cascade 
after induction of acute pancreatitis. Activation of the various 
inflammatory cells leads to elaboration of various pro and anti-
in�ammatory mediators and chemokines. An imbalance in this pathway 
leads to widespread tissue damage and mortality via multiple organ 
dysfunction syndrome (MODS) and septicaemia. IL-1, Interleukin-1; TNF, 
tumor necrosis factor; IL-1ra, interleukin-1 receptor antagonist; MCP-1, 
monocyte chemoattractant protein-1; RANTES, regulated on activation, 
normal T cell expressed and secreted; SIRS, systemic inflammatory 
response syndrome; ARDS,adult respiratory distress syndrome An 
overview of the development of the inflammatory cascade after 
induction of acute pancreatitis.

Fig. 2. Activation pathway of NF-κB. NF-κB, Nuclear factor-kappaB; IκB, 
inhibitors of κB.



Jae Hyuk Do

119Korean J Pancreatobiliary 2015;20(3):115-123

and increase the transcription of several proinflammatory 
genes (Fig. 2).51 NF-κB is activated in pancreas early 
phase of AP and subsequently distant tissues.52 Intra acinar 
activation of NF-κB led to AP with local inflammation and 
systemic inflammatory response and the activation of NF-
κB in vital organs is related with development of MOF in 
AP.53 The activation of NF-κB in AP is independently of 
trypsinogen activation, interestingly. Dawra et al.9 reported 
that trypsinogen is involved in pathologic activation and 
this leads to acinar cell death during early pancreatitis. 
However, progression of inflammation in AP is indepen-
dent of trypsinogen activation. NF-κB activation is a key 
early event independent of trypsinogen activation and may 
be responsible for progression of local and systemic in-
flammation. This result arouses a doubt to traditional be-
lieved trypsin-centered pathophysiologic mechanism of 
AP. In addition, activation of inflammatory signaling 
mechanisms in acinar cell is crucial to pathogenesis of 
AP.9 The NF-κB could upregulate the expression of cyto-
kine including TNF-α, IL-1β, and chemokines in AP. It is 
known that blocking the NF-κB activation can reduce the 
pancreas and lung injury in experimental AP. In addition, 
inhibition of NF-κB has been shown to results attenuated 
pancreatitis response with severity inversely proportional 
to the degree of NF-κB inhibition.30,54,55 

THE ROLE OF APOPTOSIS, NECROSIS AND 
AUTOPHAGY 

In generally, cell death can be classified according to mor-

phological appearance, enzymological criteria, functional 

aspects and immunological characteristics. Morphologically, 

cell death can be classified as apoptosis, autophagy and ne-

crosis. Apoptosis and autophagy are genetically controlled 

programmed cell death.56 Apoptosis is physiological and 

programmed cell death which little or no induces inflamma-

tory response. The mechanisms and pathway of apoptosis 

are relatively well described. The NF-κB, neutrophils and 

cytokines are affect the apoptosis in AP.28,49,57 Apoptosis may 

be converted to necrosis by the recruitment of neutrophils 

due to the release of cytokine. The patterns of acinar cell 

death in AP are closed related with the disease severity. Ne-

crotic cell death is correlated with severe AP whereas apop-

totic cell death is associated with mild AP in experimental 

models. It is widely accepted that the severity of AP is in-

versely related to the extent of acinar cell apoptosis.58,59 In 

contrast of apoptosis, necrosis can induces inflammatory re-

sponse through intracellular contents are spillage to the ex-

tracellular space. In necrosis, released intracellular content 

are induces the immune response. When cells die from ne-

crosis, damage associated molecular pattern (DAMP) mole-

cules enter the circulation and activate innate immune cells. 

It is known that the inflammasome which DAMP receptors 

and an intracytosolic complex are initiated forms of inflam-

mation.60,61 The inflammasomes are required for the devel-

opment of inflammation in acute pancreatitis and use of 

their antagonist demonstrated a reduced pancreatitis re-

sponse.62 Autophagy is the process by which cells recycle 

their own essential, redundant, or damaged organelles and 

macromolecular components. Autophagy also an adaptive 

response to sublethal stress, such as nutrient deprivation, 

that supplies the cell with metabolites.60 Although the au-

tophagic and lysosomal dysfunction is regarded as a kind of 

important initiating pathologic mechanism of pancreatitis, 

the role of autophagy to severity is not investigated now.63 

PATHOGENESIS OF ORGAN FAILURE IN 
ACUTE PANCREATITIS

Organ or multiorgan failure is major cause of death in 
the early phase, within 14 days, of AP. The failure rates of 
liver, heart, lung and kidney in AP are 48.9-60.7%, 15-
50% and 14-35.8% respectively.64-67 The pathogenesis of 
organ failure in AP is complicated. Proteases, inflammato-
ry cells and its mediators which secreted from pancreas 
into blood circulation and impairment of microcirculations 
are explaining as the main contributed factors for organ 
failure in AP. The vasodilatation that mediated by mainly 
nitric oxide (NO) protective effect on circulatory derange-
ment of AP. However, vasodilatation effect in AP associ-
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ates with exacerbations AP cause of induction significant 
hypotension. The increase of the NO production and the 
decrease responsiveness to the endogenous vasoconstrictor 
are proposed mechanisms of hypotension in AP.68 Acute 
lung injury (ALI) and ARDS are two main causes of death 
in AP related deaths. The pathogenesis of ALI in AP is 
also complicated. The characteristic features of ALI are 
increase of pulmonary microvascular permeability, with 
protein-rich exudate leaking into the alveolar space.69 The 
proteases such as phospholipase A2 and elastase which re-
leased into systemic circulation in AP can induce the sur-
factant degradation and increased lung permeability. In 
addition, elastases which release into systemic circulation 
during AP can activate the inflammatory cells, NF-κB and 
TNF gene expression with subsequent pulmonary neutro-
phil recruitment and induce microvascular leakage. Upreg-
ulated cytokines, chemokines, adhesion molecules and 
pulmonary infiltration of neutrophils during of AP are im-
portant role of ALI progression in AP.70,71 Acute kidney 
injury (AKI) is characterized by rapid loss of renal excre-
tory function. The mortality rate has been markedly in-
creased in case who have AKI in AP. Impairment of renal 
microcirculation, decrease renal perfusion pressure and 
hypovolemia play a role in the AP with AKI. Renal proxi-
mal tubule cells could metabolize the phospholipase A2 in 
AP. Pancreatic phospholipase A2 was rapidly deposited in 
renal tubular cells in AP and can induce renal tubular cell 
damage.72 Reduce the blood supply to the kidneys in AP 
due to increase intra-abdominal pressure leading to AKI 
through low perfusion and ischemia. High level of blood 
trypsin in AP can release vasoactive polypeptide that in-
duce renal toxicity and also cause a systemic hypercoagu-
labable state which reduce renal function by coagulation, 
thrombus formation in the renal blood vessels.73-75 

PATHOGENESIS OF PANCREATIC  
INFECTION

Infection, including infected pancreatic necrosis and fugal 

infection, is most common cause of late phase (2 weeks later 

the onset of disease) death in AP. The main pathways of in-

fection into pancreas are hematogenous, lymphatics and 

transmural through the colonic wall, via ascites, biliary duct 

and pancreatic duct. The colon seems to be the main source 

of infection in AP, considering that most pathogens in pan-

creatic infection are gram-negative bacteria of gastrointesti-

nal origin. In usually bacterial translocation from intestine is 

enhanced in AP and it leading to transperitoneal infection 

in AP. Bacterial overgrowth, delayed gut motility, impair-

ment of the gut immune system and damaged mucosal bar-

rier are involving factors of promotes bacterial transloca-

tion.76 The gut plays a main role in infection in AP. The gut 

barrier dysfunction which is characterized by damage to the 

gut epithelium and intestinal tight junctions, resulting in in-

creased intestinal permeability present in 60% of patients 

with AP.77 The gut barrier dysfunction facilitate as well as 

the bacterial translocation and endotoxin into the extra-in-

testinal site. The proposed pathogenesis of gut barrier dys-

function were mucosal ischemia, disruption of mucosal epi-

thelial integrity, reperfusion injury, disruption of intestinal 

bacterial ecology, hypovolemia, impaired mucosal immuni-

ty, endotoxemia and cytokines. In addition, loss of the un-

Fig. 3. Schematic representation of the events after the onset of acute 
pancreatitis, underlying the importance of the intestinal barrier. The 
failure of the gut barrier is eventually associated with the risk of 
infections, including infected pancreatic necrosis, and contributes to the 
systemic in�ammatory response, in a vicious circle, as endotoxemia and 
related inflammatory changes may further damage the intestinal 
microcirculation. MODS, indicates multiorgan dysfunction syndrome; 
SIRS, systemic in�ammatory response.
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stirred mucus layer but not villous injury is associated with 

gut barrier dysfunction in AP (Fig. 3).78-80 Enteral nutrition 

is associated with reduced mortality, low septic complica-

tions and hospital stay in severe AP. These beneficial effects 

of enteral nutrition in AP are associated with protection of 

gut mucosal barrier to prevent bacterial translocation form 

intestine.81 The prevalence of gut barrier dysfunction is af-

fected by patients age not by the disease severity, interest-

ingly. In meta-analysis, there is a 2% decrease in the preva-

lence of gut barrier dysfunction for every 1-year increase in 

patient age.77 Gut barrier dysfunction is closely related to in-

fectious complications in AP. Therefore, therapeutic strate-

gies which to maintain the gut barrier in severe AP are im-

portant to reduce the infectious complication and mortality.

CONCLUSIONS

The majority of patients with AP runs mild course, but 

some of them progress to a severe course. Although the 

knowledge of intra and extra acinar cellular mechanisms of 

AP has been evolving over the decades, the mechanisms 

which why the AP develops to become a severe form in 

some patients is not made sufficiently clear. The pathophys-

iology of severe AP is complicated and caused by combines 

of manifold factors. During the initiation and progression of 

AP, inflammatory cells, cytokines, chemokines, transcrip-

tion factors, gut barrier dysfunction and patterns of acinar 

cell death interact and mediate the development of severe 

AP. It is important to understanding the pathophysiological 

mechanisms of severe AP to reduce morbidity and mortality 

through the early detection the patients who are at risk for 

developing severe AP. Therefore, the further studies will be 

focus to searching salient culprit or mechanism which can 

involve in severe AP.
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