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Abstract As an important pathological feature of acute pan-
creatitis, apoptosis may occur in multiple organs and relate
directly to the progression of disease. It is mainly controlled
by the apoptosis gene and also influenced by inflammatory
mediators. We summarize here the roles of the main in-
flammatory mediators (e.g., NO, TNF-α, TGF-β1, IL-10,
NF-κB) during the pathologic process of acute pancreatitis.
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Introduction

Apoptosis is known to be an active process of gene-directed
cellular self-destruction and differs fundamentally from
necrosis. Its biologic significance during the life process lies
in its strictly control of the balance between cell prolifera-
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tion and cell death. Apoptosis has characteristic morphologic
changes in cell structure, including shrinkage of cell volume,
nuclear pycnosis, and appearance of apoptotic bodies, with
preservation of mitochondria and zymogen granules under
the integrity of the cell membrane. In morphology, there is
an integral cell membrane, reducing the cell volume, nuclear
pycnosis, and formation of apoptotic bodies, but the mito-
chondria and zymogen granules remain intact. Therefore,
the biggest fundamental difference between apoptosis and
necrosis is that the former never or seldom induces inflam-
matory reactions.

Acute pancreatitis (AP) is a kind of frequent acute ab-
domen. It can be classified into mild acute pancreatitis
(MAP) and severe acute pancreatitis (SAP), based on the
state of disease, or acute edematous pancreatitis (AEP) and
acute necrotizing pancreatitis (ANP), based on pathology.
Most AP is self-restricted disease. About 15%–20% of pa-
tients may develop a worse state, with local complications or
organ failure, and finally develop SAP. The final outcome of
SAP will always be local or systemic inflammatory reactions
due to the excessive generation of inflammatory mediators
[1]. Currently it is believed that abnormally activated pancre-
atin activates these inflammatory cells inside or outside the
pancreas to release inflammatory mediators when the pan-
creas is injured, resulting in SIRS and MOF, which is the
main reason for MAP developing into SAP [2]. Many inves-
tigators believe that the cell death form of AP is necrosis. But
others have found that apoptosis of pancreatic acinar cells
not only is related to AP [3–5], but also participates in the
onset of AP [6, 7]. Two different death forms of pancreatic
acinar cells, apoptosis and cell necrosis, are related to the
state of pancreatitis. Pancreatic acinar cell apoptosis could
be a beneficial reaction after the onset of pancreatitis [8–10].
Meanwhile, many studies have found that apoptosis also ex-
ists in other organs, such as the liver, small intestine, kidney,

Springer



1200 Dig Dis Sci (2007) 52:1199–1205

lung, heart, and thymus, when SAP induces systemic com-
plications, and its degree corresponds closely to the level of
organ injury [11–16]. Apoptosis is mainly mediated by genes
and also affected by some inorganic molecules, cytokines, in-
flammatory mediators, and toxic substances released due to
cell injury in AP, as reported in many studies recently. These
cell activity molecules and factors participate in the process
of cell apoptosis and indirectly adjust apoptosis. They are
important participants in apoptosis during AP, with func-
tions that cannot be neglected. We summarize here the roles
of the main inflammatory mediators during this pathologic
process of AP.

Nitric Oxide (NO)

NO as a small inorganic molecular compound with compli-
cated biological activities that plays an extremely important
role in normal mediation of physiological function and onset
of many diseases. The NO synthase catalyzing the formation
of NO exists in mammalian tissues and cells, mainly in two
forms: cNOS and iNOS. NO’s effects on the body are bidi-
rectional [17]. cNOS catalyzes small doses of NO to protect
cells, while the redundant NO activated by iNOS relates to
the onset of many diseases [18]. Enormous amounts of NO
are generated continuously 5 min after ANP occurs, injuring
tissue cells and aggravating pancreatic injury by generat-
ing peroxidized nitrate or other toxic intermediate products
[19]. Excessive NO can aggravate the lung injury due to ANP
[20], and enormous amounts of NO-induced cytokines also
can aggravate the renal injury [21, 22]. However, small doses
of NO play the role of protecting function. Werner et al. [23]
proved that small doses of NO can improve microcirculation
disturbance during AP, protect endotheliocytes, maintain the
integrity of the vessel wall, increase capillary blood flow,
and directly or indirectly protect pancreatic cells. Supplying
exogenous NO can markedly reduce experimental AP in-
jury and blocking endogenous NO can markedly aggravate
pancreatic injury due to many injurious factors [24].

iNOS induced by cytokines and bacterial toxin can syn-
thesize and release endogenous NO. Fehsel et al. [25] found
through experiments that both exogenous and endogenous
NO can effectively induce thymic cell apoptosis. They also
conjectured that NO can result in many other types of apop-
tosis. Hence investigators began to study the relationship be-
tween NO and apoptosis. Many studies found that the serum
NO level dropped during AP and the degree of decrease cor-
related directly with that state of illness. A low NO level
always indicates severe inflammation and a poor prognosis.
Kaneto et al. [26], who studied B cells separated from the
rat pancreas, found that a high NO concentration can induce
apoptosis. Raising the serum NO level can reduce AP in-
flammatory reactions and enhance the survival of laboratory

animals. Liu et al. [27], who treated mice with ANP with
exogenous NO generator and suppressor, found that the NO
content in the exogenous NO generator group had a longer
average survival time, while in the NO suppressor group the
NO content dropped more markedly, with severe necrosis and
a decreased average survival time. Therefore, it is believed
that NO participates in the mediation and evolution of AP,
maybe because NO promotes partial pancreas acinus apop-
tosis and restricts the extension of inflammatory reactions.
NO can induce pancreatic apoptosis via a series of pathways
[28], mainly it can (a) adjust apoptosis to improve pancre-
atic microcirculation through sGC-cGMP; (b) induce apop-
tosis and inhibit the aggregation of neutrophils (PMNs) in
the pancreas through reactive oxygen intermediates (ROIs);
(c) induce apoptosis to control infection by destroying en-
ergy metabolism; and (d) adjust apoptosis and the expression
of p53 through gene mediation.

Tumor Necrosis Factor-α (TNF-α)

As a cytokine mainly secreted by activated mono-
cytes/macrophages, TNF-α has multiple biological activities
and is closely related to the state of pancreatitis. The serum
TNF-α level of SAP patients is higher than that of MAP pa-
tients, and the TNF-α level of all patients is markedly higher
than that of controls but drops markedly after treatment [29].
TNF-α is closely related to apoptosis. Bhatia et al. [30], who
found expression of TNF-α in serum and pancreatic tissue of
rats with AP, believe that TNF-α can alleviate AP by inducing
pancreatic acinar apoptosis. Yasuda et al. [31], who found
expression of TNF-α mRNA in the pancreatic tissue of mice
with AP, believe that TNF-α can reduce the generation of
digestive enzymes and induce pancreatic acinar apoptosis to
protect the body and improve prognosis. Chang et al. [32],
who studied the relation between AP pancreatic apoptosis
and TNF-α, found that apoptosis cells of rats in the pancre-
atitis group increased progressively 1 hr after operation and
began to decrease 6 hr later, with apoptosis at 6 hr markedly
higher than that at 3 and 12 hr. The TNF-α concentration at
3 and 6 hr was markedly lower than that at 1 hr, and that at
12 hr was markedly higher than that at 6 hr. Change et al. be-
lieve that TNF-α plays an important role in AP pathogenesis
by inducing pancreatic apoptosis, and activation is related to
TNF-α concentration. Zhang et al. [33] believe that serum
TNF-α has dual regulating effects on apoptosis, namely, a
low concentration of TNF-α can induce apoptosis and pro-
mote healing of inflammation, but a high concentration of
TNF-α will cause pancreatic acinus cell necrosis. Malka
et al. [34], observing AR4-2J cells treated with TNF-α at
different concentrations, found that only TNF-α at >10 µg/L
can induce apoptosis of AR4-2J cells and maximum apop-
tosis (40%) is reached at 100 µg/L. The inducing effect of
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TNF-α at 10–100 ng/ml is time and dose dependent. TNF-α
receptors exist on the pancreatic acinar cell membrane and
induce cell apoptosis combined with a low concentration of
TNF-α from activated mononuclear macrophages. A high
level of TNF-α will further stimulate a series of cascade
effects, inducing expression of interleukin (IL)-1, IL-6, IL-
8, etc. [33]. Overactivated cytokines cause pancreatic cell
necrosis and, finally, cause injury of the pancreas and other
tissues, while no pancreatic apoptosis is observed in AP an-
imals without TNF-α receptor [16]. The TNF-α antagonist
applied by Kimura et al. [9] to the pancreatitis rat model
induced by cerulein can inhibit pancreatic apoptosis. TNF-
α also participates in the apoptosis process of other organs
during AP. Zhang et al. [35–37] found overexpressed TNF-
α gene in lung injury due to ANP and a negative correla-
tion between lung apoptosis index and TNF-α mRNA level.
Therefore, they believe that the overgenerated TNF-α par-
tially causes delayed apoptosis of neutrophilic granulocytes.
The mechanism of TNF-α-induced apoptosis might be that
TNF-α activates Fasl ligand on the T cell surface, then the
activated Fasl ligand combines with TNF-α receptor on the
pancreatic cell membrane to cause apoptosis. Satoh et al. [38]
believe that TNF-α also can cause damage to the cytoskeletal
structure by activating PTK-2, which is enriched by proline
and induces the cell death signal via various mechanisms
mediated by protein kinase C to induce apoptosis.

Transforming Growth Factor-β1 (TGF-β1)

Mostly related to apoptosis, TGF-β1 is a multifunctional
cell growth factor regulating cell proliferation, cell differen-
tiation, and intercellular matrix expression. Meanwhile, as
a positive apoptosis trigger factor closely related to apop-
tosis, it can also inhibit the proliferation of various cells
such as hepatic and gastrointestinal epithelial cells. Find-
ings from the rat AP model proved that TGF-β1 induced
by macrophages is an important factor in apoptosis of hep-
atic cells in AP [39, 40]. Takeyama et al. [41], have studied
rats with SAP, found that ascites of SAP can induce hepatic
apoptosis. IL-1 converting enzyme inhibitor can relieve hep-
atic apoptosis and hepatic cell injury and neutralize TGF-β
to partially stop apoptosis. So researchers believe that the
occurrence of hepatic apoptosis is related to the TGF-β in
ascites of SAP. The TGF-β1 found in the AP rat model in-
duced by cerulein can eliminate damaged acinar cells by
promoting acinar apoptosis to alleviate inflammatory reac-
tions of AP. Inhibiting TGF-β not only can alleviate pan-
creatic fibrosis but also can protect from chronic injury due
to excessive pancreatic cell apoptosis. This indicates that
TGF-β1 can also promote pancreatic acinar apoptosis [42].
TIEG (early gene induced by TGF-β), a zinc finger-coding
gene controlled by TGF-β related to pancreatitis apoptosis,

exists in external secretory duct cells and glandular cells of
normal human pancreas [43]. Studies show that TIEG ex-
pression and the apoptotic rate increase in external secretory
pancreas cells treated with TGF-β [44]. This indicates that
the mechanism of TGF-β-induced apoptosis is possibly in-
ducement of increasd TIEG expression. In addition, some
researchers [45] believe that TGF-β1 is not the key factor,
though it can induce pancreatic cell apoptosis, because TGF-
β1 was markedly expressed in SAP rat studies without the
role of expression like that of the Bax gene protein. It relates
to multiple factors and pathways of pancreatic apoptosis.

Interleukin-10

The cytokine IL-10, one kind of multiple effective im-
munomodulatory factor with the feature of inhibiting the
synthesis of the Th1 cell clone, mainly generated by the
Th2 cell. It is closely related to AP. It can regulate inflam-
mation by inhibiting the generation of NO and TNF and
release of oxygen free radicals and reducing the functions
of polynuclear granulocytes, mononuclear granulocytes, and
macrophages. Endogenous or exogenous IL-10 can protect
the pancreas by inhibiting the activity of monocytes and
macrophages to stop the release of pro-inflammatory factor
and regulating systemic immune reactions and inflammatory
reactions. Rongione et al. [46] found that the plasma amylase
concentration drops markedly, pancreatic edema, inflamma-
tory infiltration, and cavitation are decreased, and no TNF-α
can be measured in plasma after the injection of IL-10 in
rats with AP induced by cerulein. This indicates that IL-10
administration during AP can alleviate the degree of pancre-
atitis. Recent studies show that this protective effect may be
related to the promotion of apoptosis. Gu et al. [47] found
that the expression of Bcl-2 in hepatic tissue is increased, and
the expression of Bax and hepatic apoptosis decreased, when
rats with AP were treated with IL-10 at an early stage. This
indicates that IL-10 may change the expression of the apop-
tosis control gene to promote apoptosis. Zhang et al. [48] di-
vided SAP model rats into an IL-10 prevention group (injec-
tion of 150 kU IL-10 intraperitoneally 1 hr before operation
and thereafter administration of IL-10 every 2 hr), an IL-10
treatment group (injection of 150 kU IL-10 intraperitoneally
1 hr after operation and thereafter IL-10 administration ev-
ery 2 hr), and a control group. They found that the level of
necrosis in the group treated with IL-10 was markedly lower
than that in the control group; amylase, lipase, and iNOS
levels were also markedly lower than those in the control
group; the expression of TGF-β1 was high in the preven-
tion and treatment groups; and the rate of apoptosis was
markedly increased. Therefore, they believe that IL-10 not
only can induce massive expression of TGF-β1 and reduce
iNOS generation to block SAP progress, but also can reduce
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necrosis by inducing pancreatic apoptosis to control the de-
gree of inflammation. The mechanism of IL-10-promoted
apoptosis is still unclear. It may be related to changing
the apoptosis gene expression, increasing the local TGF-
β1 concentration, and inhibiting the release of inflammatory
mediators.

Nuclear Factor-κB (NF-κB)

Initially extracted from the B-lymphocyte nucleus, NF-κB
is a transcription factor mainly participating in the control
of inflammatory molecule expression [49, 50]. As a protein
able to bind to the κB series of some gene initiator and en-
hancer regions, it can initiate or enhance gene transcription
[51–54]. It also exists in various cells, participating in the
control of numerous biological and pathological processes
and playing a role in inflammatory reactions, apoptosis, etc.,
as a pleiotropia and polyphony control factor. In recent years,
the role of NF-κB in the pathogenesis of AP has become a
hotspot of research. Some animal studies have shown that
during AP, NF-κB inhibitor can inhibit the expression and
release of inflammatory factors, increase apoptosis of pan-
creatic cells, reduce necrosis, alleviate the pathogenetic con-
dition of animal models with SAP, and reduce the mortality
of experimental animals [55–57]. Pei et al. [58, 59], in rat
experiments, found that NF-κB participates in the onset of
edematous and necrotizing pancreatitis. And NF-κB expres-
sion in edematous pancreatitis is markedly lower than that
in necrotizing pancreatitis. Therefore, NF-κB has some anti-
apoptotic effect.

There are various anti-apoptotic pathwayss of NF-κB, as
follows. (a) NF-κB regulates the transcription of numerous
genes and expression of proteins including adhesion factors
and cytokines. Satoh et al. [60] found that activation of NF-
κB increases markedly, with positive time dependence, after
the occurrence of SAP. Abnormal activation of NF-κB can
promote the transcription of pro-inflammatory factors (TNF-
α, IL-1, IL-6). As an extracellular stimulating signal, TNF-α
and IL-1 also can activate NF-κB expression and further
promote inflammatory reactions. During SAP, activation of
hepatic NF-κB prompts the expression of ICAM-1, which
causes aggregation of polymorphonuclear granulocytes in
hepatic tissue and results in hepatic injury [61]. The adhe-
sion factors and cytokines induced by NF-κB can inhibit
acinar cell apoptosis, promote inflammation, and cause in-
jury to other organs besides the pancreas. (b) NF-κB can in-
duce TNF-α to inhibit pancreatic cell apoptosis. TNF-α can
combine with the TNF-α receptor on the acinar cell mem-
brane and then induce NF-κB to generate and release TNF-α
[62] to injure tissues. TNF-α can inhibit the activation of
apoptotic protease caspase-δ. NF-κB can inhibit pancreatic
apoptosis by manipulating the activation of caspase-δ [63].

(c) NF-κB is related to the apoptosis control gene. Haddad
et al. [64], studying alveolus ‖ epithelium apoptosis, found
that NF-κB can increase BCL-2 expression, decrease BAX,
and participate in the anti-apoptotic process. Wang et al.
[65] proved that NF-κB can activate A1/BFI-1 of the BCL-2
family to have an anti-apoptotic effect. Therefore, NF-κB
mainly increases BCL-2 and BCL-XL genes to initiate the
anti-apoptotic process. Meanwhile, it also inhibits the ex-
pression of P53 and BAX genes and thus inhibits induction
of apoptosis [66].

Other inflammatory mediators

Generated by pancreatic cells or duct cells, platelet activat-
ing factor (PAF) can activate neutrophilic granulocytes to
release hydrogen peroxide, NO, etc., and then cause cell
necrosis or apoptosis and, finally, cell death. When PAF an-
tagonist (BN52021) is used to treat rats with pancreatitis in-
duced by cerulein, both apoptosis and cell necrosis decrease
[67]. The adhesion molecule is also related to apoptosis.
During ANP, abnormal expression of the cellular adhesion
molecule damages the connection between epithelial cells
and the cell matrix to participate in and increases intestinal
mucosal epithelial apoptosis [68]. IL-1 plays an important
role in the pathogenesis of AP. There is a positive correlation
between IL-1 concentration and mortality [69]. Fink et al.
[70] found that the IL-6 level dropped and pancreatic injury
was markedly alleviated when they injected antiserum into
rats with pancreatitis induced by cerulein to eliminate neu-
trophilic granulocytes and macrophages to reduce IL-1β in
pancreatic tissue. Other laboratory evidence proves that IL-
1β converting enzyme inhibitor can markedly alleviate the
degree of AP in rats and increase their survival. Rau et al.
[71] found that this effect is related to the level of inhibition
of acinar cell necrosis, but the mechanism is still unclear.
It may be related to apoptosis. IL-6 is also an important in-
flammatory mediator during AP and its level in the SAP rat
model climbs markedly [72]. Yu et al. [73], using emodin to
treat rats with SAP, found that emodin can markedly inhibit
the release of TNF-α and IL-6, induce apoptosis of injured
pancreatic cells, and thus improve the degree of SAP. But
the precise relation between IL-6 and acinar apoptosis is still
unclear and further studies are needed. IL-8, leukotriene,
phospholipase A2, thromboxane A2, etc., also are impor-
tant inflammatory mediators in AP [74], but their precise
mechanisms in apoptosis are still unclear.

As a complicated biological phenomenon, apoptosis is
controlled by the apoptosis gene and influenced by vari-
ous inducing factors. Current reports all prove that inducing
apoptosis by various methods during AP can control the pro-
gression of SAP and is beneficial for treatment. But this is
still in the preliminary phase of study. We can understand the
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onset of the AP process by studying the relation between in-
flammatory mediators and apoptosis during AP and, thereby,
find effective therapies and improve the clinical treatment of
SAP.
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