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Abstract

Acute pancreatitis (AP) is an inflammatory disease
characterized by acute inflammation and necrosis of
the pancreatic parenchyma. AP is often associated with
organ failure, sepsis, and high mortality. The pathogen-
esis of AP is still not well understood. In recent years
several papers have highlighted the cellular and molec-
ular events of acute pancreatitis. Pancreatitis is initiated
by activation of digestive enzymes within the acinar
cells that are involved in autodigestion of the gland,
followed by a massive infiltration of neutrophils and
macrophages and release of inflammatory mediators,
responsible for the local and systemic inflammatory re-
sponse. The hallmark of AP is parenchymal cell necrosis
that represents the cause of the high morbidity and
mortality, so that new potential therapeutic approaches
are indispensable for the treatment of patients at high
risk of complications. However, not all factors that de-
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termine the onset and course of the disease have been
explained. Aim of this article is to review the role of
mitogen-activated protein kinases in pathogenesis of
acute pancreatitis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The review focuses on the role of mitogen-
activated protein kinases (MAPKs) in the treatment of
acute pancreatitis. In fact, acute pancreatitis is a dis-
ease characterized by a marked inflammatory reaction
and it is usually associated with severe upper abdomi-
nal pain, organ failure and also mortality. The activation
of MAPKs is an early event in AP and exerts a central
role in the onset and development of acute pancrea-
titis. Thanks to the pivotal function played by MAPKs
in acute pancreatitis, the use of specific inhibitors may
represent a potential therapeutic target for the treat-
ment of this inflammatory disease.
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dence for a role of mitogen-activated protein kinases in the treat-
ment of experimental acute pancreatitis. World J Gastroenterol
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INTRODUCTION

Acute pancreatitis (AP) is an inflammatory disease char-
acterized by acute inflammation and necrosis of the pan-
creatic parenchymam. AP is often associated with organ
failure, sepsis and high mortality. Approximately 20% of

patients may develop a more severe form of the disease
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with evidence of organ dysfunction[z]. 80% of cases of
acute pancreatitis are associated with alcohol excess or
gallstones; 10% are idiopathic and a further 10% are re-
lated to trauma, biliary interventions and drugs such as
antibiotics, diuretics, immunosuppressants and antiretro-
viral agents. Pancreatitis is associated with parenchymal
oedema and apoptosism. The pathogenesis of acute pan-
creatitis (AP) is still not well understood. In recent years
several papers have highlighted the cellular and molecular
events of acute pancreatitis. It is now generally known
that pancreatitis is initiated by premature activation of
digestive enzymes within the acinar cells leading to au-
todigestion of the gland, followed by a massive infiltra-
tion of neutrophils and macrophages and production
of inflammatory mediators released from the infiltrated
pancreatic connective stroma, such as cytokines, adhesive
molecules, platelet activating factors, nitric oxide, oxygen
reactive species and lysosomal enzymes that represent the
cause of the local and systemic inflammatory response.
The hallmark of AP is parenchymal cell necrosis that is
responsible for the high morbidity and mortality, so that
new potential therapeutic approaches are essential for the
treatment of patients at high risk of complications[1’4l.
However, not all factors that determine the onset and
course of the disease have been explained. Mitogen-
activated protein kinases (MAPKSs) are serine-threonine
kinases that mediate intracellular signaling associated with
several cellular activities as cell proliferation, differentia-
tion, survival, death, and transformation”. It has been
hypothesized that activation of mitogen-activated protein
kinases (MAPKSs) is an early event in AP and seems to
exert a central role in development and onset of AP,
Aim of this article is to review the role of MAPKSs in
pathogenesis of acute pancreatitis and the potential of
MAPKSs as therapeutic targets.

MAPKS SIGNALING PATHWAY AND
ACUTE PANCREATITIS: THE ROLE OF
ERK AND JNK

One of the most important cascades involved in sev-

eral cellular processes is the mitogen-activated protein
kinases (MAPKs) pathway. MAPKSs play key roles in
signal transduction pathways and are involved in direct-
ing cellular response to a variety of stimuli and regulate
processes as gene expression, differentiation, mitosis, cell
survival, and apoptosis[w]. There are three major classes
of MAPKSs in mammals, the extracellular signal-regulated
kinases (ERKs) and the two stress-activated protein ki-
nase (SAPKs) families, c-jun N-terminal kinase (JNK)
and p38. MAPKSs are activated viz a signalling cascade
that is conserved from yeast to mammals""'", ERK1/2 is
mainly activated by mitogens stimuli through the Ras/Raf
pathway but can also be activated, independently of Ras,
by proinflammatory stimuli including cytokines. JNIK
and p38 are mainly activated by a variety of stresses and
proinflammatory stimuli. Once activated, MAPKs path-
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ways orchestrate the recruitment of gene transcription
leading to activation of cellular mechanisms such as pro-
liferation, cell differentiation, and inflammation regulated
by the release of others growth factors and hormones. In
recent years much interest has focused on inhibitors of
the mitogen-activated protein kinases (MAPKSs) primar-
ily because they have been implicated as key regulators
of inflammatory diseases as acute pancreatitis. It has
been demonstrated that activation of MAPKSs signal-
ing cascades is an early event in AP contributing to the
progression of acute pancreatitis“z’m. Indeed, MAPKSs
pathways participate to the release of inflammatory
mediators highly involved in the development of inflam-
matory reaction from local to the systemic level"™". At
cellular level, time course of MAPKSs activation showed
that the p38 MAP kinase increases in pancreatic acinar
cells most rapidly, with the peak of activity after three
hours. JUN kinase activity is the highest after 12 h and
after 24 h its activity becomes undetectable . Tnvolve-
ment of MAPKs cascade in the pathogenesis of AP is
also demonstrated by the fact that hyperstimulation with
cholecystokinin (CCK) activates the two isoforms of
ERK, p42 and p44, and J]NK/SAPK (slowly activated
compared with ERK) in pancreatic acini'*'¥, Moreover,
CCK activation of JNK/SAPKs results slower than ERK’
s activation, so that CCK’s concentrations for the activa-
tion of JNK/SAPKs are higher than the concentrations
required for the activation of ERK. Cerulein (CER) is a
cholecystokinin-pancreozymin analogue used for experi-
mental acute pancreatitis models in rats and mice, leading
to proteolytic enzyme secretion that causes pancreatic aci-
nar autolysis with progressive interstitial oedema just one
hour after injectionm]. The stimulation with a low dose of
caerulein causes physiological activation both ERKs and
JNK/SAPKs. Hyperstimulation both 7 vitro and in vive
determines an increase of JNK/SAPKs as a consequence
of cellular stress. So, it has been demonstrated that after
CCK or CER stimulation 7z vitro as well as 7z vivo, the acti-
vation of ERK occurs eatly than [NK’s activation™”. TNK
and ERK1/2 were proposed as important eatly mediators
during caerulein-induced pancreatitis due to their pattern
and activation time course”. Activation of ERK1/2 and
JNK occurs within 5 min, peaks within 30-40 min and
decreases, generally, within 1 h following caerulein hyper-
stimulation. The two MAP kinases cannot be detected
anymore 2 h after caerulein injection, thus confirming the
very early involvement of this signalling pathway in the
inflammatory cascade™. Active MAPKs are responsible
for the phosphorylation of a variety of effector proteins
including several transcription factors that trigger an in-
flammatory cascade!""*. Furthermore, in experimental
models it has been shown that also reactive oxygen spe-
cies (ROS) are responsible for the activation of ERK and
JNK in pancreatic acinar cells®. In fact, the administra-
tion of caerulein 7z vivo stimulates the release of ROS,
demonstrating a relationship between increased ROS con-
centrations and activation of both ERK and J]NK™!. The
incubation of pancreatic acini with H202 causes a dose-
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Table 1 Summary of the actions of the mitogen-activated protein kinases inhibitors

Inhibitor Mechanism of action Effects
SP600125 Selective and reversible inhibitor of JNK Dose dependent inhibition of JNK
Inhibition of inflammatory genes (COX-2, IFN, IL-2, TNF-q) in vivo
Reduction of pancreatic inflammatory mediators (TNF-q, IL-1B) in vivo
CEP1347 Potent and selective inhibitor of JNK Dose dependent inhibition of JNK both in vivo than in vitro
Reduction of inflammatory cytokines
PD98059 Inhibitor of ERK 1/2, prevents phosphorylation binding MEK Protection against inflammatory process in the pancreas in vivo
Protective effects probably related to the inhibition of COX-2
U0126 Selective inhibitor of MEK1 and MEK?2; it prevents the activation of Protection against inflammatory process in the pancreas in vivo
ERK1/2
SB203580 Selective inhibitor of p38. Inhibition of p38 catalytic activity Downregulation of the expression of proinflammatory mediators

(TNF-o. and IL-1p) in vivo

JNK: c-jun N-terminal kinase; COX-2: Cyclooxygenase 2; IFN: Interferon; IL: Interleukin; TNF: Tumor necrosis factor; ERKs: Extracellular signal-regulated

kinases.

dependent, rapid and strong activation of MAPKs: ERK,
JNK and p38. These findings undetline the potential role
of ROS in the pathogenesis of acute pancreatitis, in fact
large amounts of ROS are produced neatr to pancteatic

2621 Reports describe as ERK can also be
[28,29]

acinar cells
activated by exogenous ROS through EGF receptor
High concentrations of ROS may cause cytoskeleton dis-
ruption in pancreatic acini cells directly and can modify
its function »iaz activation of MAPKs and p38, so long as
these molecules play an important role in the regulation
of cytoskeleton function™. As described, both inflamma-
tory response and oxidative stress play essential roles on
the development of acute pancreatitis, and are correlated
with the severity of the disease™ . Pretreatment with
an antibody against tumor necrosis factor (TNF)-o or
blockade of TNF-o production with pentoxifylline ame-
liorates experimental AP™. The role of oxidative stress
in AP has been demonstrated by the beneficial effects of
antioxidants”. Tt has been demonstrated that combined
treatment by simultancous blocking of inflammation and
oxidative stress pathways has positive effects as therapy
in the AP. Blockade of TNF-qa production with pent-
oxifylline partially prevented glutathione depletion and
pancreatic inflammation in cerulein-induced AP, Simul-
taneous inhibition of xanthine oxidase (XO) and TNF-o
with oxypurinol and pentoxifylline significantly reduced
inflammation in taurocholate-induced pancreatitis™. In
addition, oxidative stress, as reported, causes activation
of MAPKs"", which activation leads to TNF-q produc-
tion. In fact, it has been demonstrated that oxypurinol
reduces p38 phosphorylation and pentoxifylline reduces
ERK and JNK phosphorylation. The combination of the
two treatments decteases activation of MAP kinases, and
this reduction has been observed in other tissues, such
as lung and liver, that are involved in systemic inflamma-
tory process’ . So, the p38 pathway is related to oxidative
stress; ERK and JNK may be associated to inflammatory
process and release of pro-inflammatory cytokines. The
blockade of these two processes and the concomitant in-
hibition of MAP kinases can represent a potential therapy
to reduce the local and systemic effects in AP, as well as
decrease inflammation and production of reactive species
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which are involved in development and progression of
acute pancreatitis.

PHARMACOLOGICAL MAPKS

MODULATION IN AP

Given the role of MAPKSs signaling pathway in the de-
velopment of AP, interest in protein kinases as drug
targets has exploded in the past few years, and MAPKs
pathways inhibition represents an alternative target in
the treatment of AP. Pharmacological inhibitors have
been identified which impact on the MAPKs ERK1/2,
p38 and JNK/stress activated protein kinases and have
been tested in different studies”, as resumed in Table 1.
It has been shown that selective JNK inhibition leads to
amelioration of AP. Different JNK inhibitors have been
used, among these, SP600125 is one of the most prom-
1sing inhibitors for treatment of inflammatory diseases
involving MAPKSs signalling, as acute pzmcreatitisl39J
SP600125 is a potent, selective and reversible inhibitor of
the three JNK enzymes over 300-fold more selective for
JNK as compared to ERK1 and p38 MAP kinases, acting
through a competitive inhibition with respect to ATP and
having an IC50 of 40 nmol/L for JNK1 and JNK2, and
90 nmol/L for ]NK?)M. SP600125 was shown to cause
a dose-dependent inhibition of the phosphorylation of
c-Jun, and thereby the expression of inflammatory genes
cyclooxygenase 2 (COX-2), IFN-y, interleukin (IL)-2,
TNF-o"”. Minutoli e a/*"" showed that treatment with
SP600125 blunted caerulein-induced pancreatic JNK acti-
vation (90%) and partially ERK1/2 activation (45%). The
observed greater effect on JNK activity obtained with
SP600125 is in agreement with previous “/z vitro” data
showing that this compound exhibits a greater selectiv-
ity for JNK as compared to ERK1/2 MAP kinase™. Tn
the same study SP600125 reduced the pancreatic content
of proinflaimmatory mediators as TNF-¢ and adhesion
molecules as ICAM-1 with a significant reduction in
the oedema and in the inflammatory cell infiltrates, thus
confirming the positive effect of MAPKSs inhibition on
the cell survival during AP, Samuel ¢ a/'" provided
new evidence that MAP kinases (ERK, JNK, and p38)
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are involved in caerulein-stimulated exocrine pancreatic
production of cytokines. The group used pancreatic frag-
ments stimulated with caerulein. As awaited, the stimula-
tion wreaked a significant increase of phospho-ERK and
phospho-p38. Specific inhibitors of these MAPKSs sig-
nificantly reduced IL-13 and TNF-q, production. Using
this specific inhibitor of JNK, SP600125, they observed
an attenuation of levels of both JNK and IL-1f. There-
fore, there is also a connection between the activation of
MAPKSs and the production of cytokines, responsible for
inflammatory events.

Within the MAPKSs signaling cascades inhibitors,
CEP-1347 is a potent and selective inhibitor of the JNK
but not the p38 or the extracellular signal-regulated
kinase signalling cascades, studied principally for its
neuroprotective effects’”. The correlation between in-
hibition of the JNK signaling cascade and pancreatitis
amelioration by CEP-1347 is showed in in vitro and in vivo
studies"™*. In vitro studies demonstrated that CEP-1347
(2 microM) inhibited caerulein-induced JNK activation
in a dose dependent manner. Pretreatment of rats with
CEP-1347 strongly reduced caerulein-induced pancreatic
JNK activation without p38 or ERK inhibition leading
to a consequent reduction of pancreatic damage as dem-
onstrated by reduced pancreatic oedema formation and
reduced histological severity of pancreatitis. CEP-1347
inhibits JNK activation 7 vivo and ameliorates caerulein-
induced pancreatitis. Furthermore, PD98059 and UO126,
both inhibitors of ERK1/2, afford significant protection
against inflammatory sequelae following experimental
acute pancreatitis'"

Since AP is a condition associated with an inflam-
matory response, an important role is played by the cy-
tokines TNF-q, and IL-1f, which initiate and propagate
acute pancreatic inflammation'™. In fact, patients affected
by acute pancreatitis show elevated serum IL-6 levels™,
IL-6-blocking antibody attenuates experimental pancre-
atitis and associated pulmonary injurym.

PD98059 mediates its inhibitory properties by bind-
ing to the ERK-specific MAP kinase MEK, therefore
preventing phosphorylation of ERK1/2 (p44/p42
MAPK) by MEK1/2, with an ICs0 values of 4 umol/L
and 50 pmol/L for MEK1 and MEK2. PD98059 binds
to the inactive forms of MEK1 and prevents activa-
tion by upstream activators such as c-Raf'*™. Similar to
PD98059, also U0126 is a selective inhibitor of MAP ki-
nase kinases, MEK1 and MEKZ2, acting by inhibiting the
kinase activity of MEK1/2 thus preventing the activation
of MAP kinases p42 and p44. Inhibition of pancreatic
ERK1/2 with PD98059 or U0126 7 vive protects against
the inflammatory sequelae characteristic of the cerulein
model of AP confirming the role of ERK1/2 activa-
tion in the progression of AP. Moreover, the protective
effects of PD98059 might be related to the inhibition of
COX-2, although this mechanism has not been well in-
Vestigated[4q].

Evidences have shown that the local pancreatic renin-
angiotensin system (RAS) is involved in APPY, Angioten-
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sin II, »ia ROS activation, leads to activation of ERK.
Leung et al”" demonstrated in their study the involve-
ment of ERK in regulating angiotensin II -induced IL-6
expression in pancreatic acinar cells during pancreatic
inflammation. The administration of angiotensin Il aug-
mented the expression of 1L.-6, and angiotensin II led to
ERK activation. The effect of ERK activation has been
confirmed using its inhibitor, PD98059. In this model, it
has been observed that the activation of ERK is medi-
ated by the release of ROS; in fact, pretreatment with
antioxidants reduced ERK activation. Blockade of AT
receptors can represent a potential therapeutic approach
to the treatment of AP, ROS mediated, too. Using two
different inhibitors, SP600125 and PD98059, it has been
demonstrated that they completely inhibited the activa-
tion of CER-induced pancreatic JNK and ERKP.

CONTROVERSIAL ROLE OF P38 IN

ACUTE PANCREATITIS

Despite the MAPKSs have been largely involved in acute
pancreatitis, the p38 has an unclear role in the develop-

ment of the disease. As a matter of fact, studies have
suggested that p38 MAP kinase activation could worsen
acute pancreatic inflammation or protect against it Tt
has been suggested that the inhibition of p38 exacerbates
cerulein-induced pancreatitis in rats”). Others experimen-
tal evidences demonstrate that the activation, and not the
inhibition, of p38 may exacerbate the progression of AP.
This kinase regulates activation of nuclear factor (NF)-
kB in isolated pancreatic acinar cells, but it is unclear the
effective role of p38 MAP kinase in acute pancreatitis.
Moreover, p38 signaling pathway is involved in cyto-
kine-mediated pancreatic beta-cell injury. The activation
of p38 MAPK occurs through two different upstream ki-
nases, mitogen-activated protein kinase kinase 3 (MKI3)
and MKKG6. When activated, it is involved in a lot of re-
sponses, such as apoptosis, inflammation and fibrosis™.
Several studies showed positive effects of systemic p38
inhibitor drugs in a lot of modelsﬁs]; other studies dem-
onstrated that systemic p38 blockade could have negative
effects”. It has been studied the role of MKK3-p38
signaling in a model of cytokine-dependent pancreatic
injury induced by multiple low doses of streptozotocin,
using mice deficient for the MKK3 gene[57]. In this study,
the group demonstrated that MKK3 gene deletion has
a protective effect, probably due to the suppression of
islet inflammation. These findings suggest that MKIK3
signaling plays an essential role in the development of
pancreatic injury, leading to destruction of beta-cells and
hyperglycemia. p38 is activated by CCK in a time and
dose dependent manner, with a peak at 5 and 10 minutes,
respectively. Twait ez al™® expressed a dominant negative
form of the p38 MAP kinase (DNp38) and evaluated its
effect on NF-kB pathway activation in an exocrine pan-
creatic cell line (AR42] cells). They observed that DNp38
reduced nuclear translocation of NF-xB and decreased
NF-kB-dependent gene transcription after CCK or
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TNF-qo stimulation in AR42J cells. These results support
the hypothesis that p38 regulates transcription factors
such as NF-kB in pancreatic exocrine cells™. In a recent
paper, Wang ¢f al® investigated the effect of SB203580
which is the inhibitor of p38 mitogen-activated protein
kinase on pathologic change of pancreatic tissue and ex-
pression of TNF-qo and IL-1f in rats with severe acute
pancreatitis. This compound is a pyridinyl imidazole in-
hibitor widely used to elucidate the roles of p38 mitogen-
activated protein kinase acting through the blocking of
the activation of MAPKAPK-2 by p38 MAPK and sub-
sequent phosphorylation of HSP27"", SB203580 inhibits
p38 MAPK catalytic activity by binding to the ATP-
binding pocket, but does not inhibit phosphorylation of
p38 MAPK by upstream kinases. Wang e7 al®” showed
that treatment with SB203580, inhibiting p38 MAPK
signaling pathway led to a down regulation of the expres-
sion of pro-inflammatory mediators such as TNF-q, and
IL-1B. All these studies highlighted the central role of
MAPKS activation in acute pancreatitis pathogenesis and
the real possibility to use pharmacological inhibition of
these pathways for treatment of this disease.

OTHER MOLECULAR MECHANISMS
INVOLVING MAPKS ACTIVATION IN AP

A number of other molecules participate to the complex
network of events triggering the MAPKSs activation and
the inflammatory response associated with the progres-

sion and the onset of AP. In this context, recent advances
showed an interaction between p38 and JNK activation
and cannabinoid receptor 1 (CB1) and 2 (CB2) in pancreas,
whete non selective CB1/CBzagonist HU210 ameliorated
experimental pancreatitis[ﬁzl. However, the real role of
CB1and CB2 in acute pancreatitis has not been totally
investigated. The agonist HU210 carries out a protec-
tive effect in pancreatitis also in CB1 deficient mice, and
the selective CB2 antagonist, AM630, activates JNK and
increases apoptosis in acute pancreatitis. The administra-
tion of cerulein in CB1 deficient mice is not responsible
for a more severe pancreatitis, if compared to wild type
animals, excluding a prominent role of CB1 receptor in
the development of the disease®”. On the other hand the
protective effect of CBzreceptor seems to be due to the
inhibition of cytokines involved in inflammatory pro-
cesses, for example, I1.-6, which is an activator of ]NKM.
MK?2 is a downstream target of p38; the genetic disrup-
tion of the MK2 gene protects against cerulein-induced
pancreatitis'®”. Several experiments with MK2 deficient
mice have suggested a connection between MK2 and
JNK activation: the presence of MK2 determines the
activation of CB2 that causes consequently the inhibition
of JNK and therefore the attenuation of acute pancreati-
tis. In MK2 deficient mice, the absence of MK2 creates
opposite effects when CBzreceptor is activated, and leads
to activation of JNK and increase of IL-6 levels. So, the
activation of CBareceptor has probably protective effects
through inhibition of MAPKSs cascade in experimental
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acute pancreatitis and the use of CB2agonist can repre-
sent an interesting therapeutic target for humans.

In the complex molecular network involved in the
regulation of inflammation during AP seems to have a
role also protease-activated receptor 2 (PAR2)™ 2 mem-
ber of the G protein coupled receptor superfamily, that
plays important roles not only stimulating pro-inflam-
matory response but also mediates anti-inflammatory
effects®”. PAR2 is activated by activated trypsin in acute
pancreatic inflammation; it has pro-inflammatory effects
since activates immune and endothelial cells'®. The pro-
tective effects of PAR-2 in acute pancreatitis were inves-
tigated in the cerulein-induced pancreatitis model. It has
been demonstrated that PAR-2 can activate MAPKs'™.
In contrast, it has been shown that of PAR-2 activation
decreases the cerulein-induced activation both ERK and
JNK by accelerating their dephosphorylation, activat-
ing MAP kinase phosphatases (MKPs), in rat’s pancreas.
The expression of MKPs provides a negative feedback
mechanism for MAP kinases, and the induction of MKP’
s expression may be activated both by PAR2 and by ceru-
lein. It has been demonstrated that the protective effect
obtained by using ERK’s and JNK’s inhibitors is similar
to the effect observed with PAR2 activation, and amelio-
rates the course of acute pancreatitis[()g].

An additional molecule involved in the progression of
acute pancreatitis is pancreatitis-associated protein (PAP1).
PAP1 is not expressed under physiological conditions
whereas is overexpressed during acute pancreatitis[w]. Its
activation is linked to a large number of diseases such as
inflammatory bowel disease, Alzheimer’s disease, and can-
cet™ ™. The peak of expression of PAP1 in pancreatic
tissue or juice has been observed 24 h after the induction
of acute pancreatitis by cerulein'™. In pancreatic acinar
cells the augmented expression of PAP1 led to an increase
of resistance to apoptosis[74’75]. Ferrés-Masé et a/’” dem-
onstrated an anti-inflammatory role of PAP1, since its in-
duction occurs during inflammatory diseases (pancreatitis,
Crohn’s disease, ulcerative colitis). I vivo studies showed
that the administration of anti-PAP1 antibodies wors-
ened the inflammatory response. Treatment with PAP1
prevented TNF-q-induced NF-xB activation in macro-
phages. Gironella ez al” furthermore demonstrated the
anti-inflammatory role of PAP1 in a PAP1-deficient mice
model. The anti-inflammatory mechanism of the protein
is related to the activation of JAK/STAT3 pathway. PAP1
increases the transactivation activity of the nuclear tran-
scriptional factors associated with MAPKSs family. I vitro
experiments on AR42] pancreatic acinar cell line showed a
time-dependent induction of PAP1 gene expression after
addition of PAP1 to the colture cells. It has been shown
that this cellular line presented basal levels of expression
of the proteins members of the MAPKSs family: ERK,
JNK and p38. Treatment with PAP1 enhanced the phos-
phorylation of MAP kinases, underlining that PAP1 signal
transduction involves MAPKSs family™. Treatment with
MAPK specific inhibitors, such as SB203580 (p38 MAPK
inhibitor), PD98059 (ERK inhibitor) and JNK inhibitor,
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Figure 1 Involvement of mitogen-activated protein kinases
and their inhibitors in pancreatic damage. CCK: Cholecystoki-
nin; CER: Cerulein; GPCR: G protein coupled receptor; JNK: c-jun
N-terminal kinase; TNF: Tumor necrosis factor; ERKs: Extracel-
lular signal-regulated kinases; NF: Nuclear factor; IL: Interleukin;

Q& /? NF: Nuclear factor.
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caused the inhibition of the activation of PAP1. This
result demonstrates that the involvement of MAPKSs fam-
ily is essential for the synthesis of PAP1. Some reports
indicate that ERK mediates STAT3 phosphorylation both
in vivo and in vitrd”". Probably a linkage exists between
MAPK and JAK/STAT3 pathway upon activation by
PAPI.

Also Substance P (SP)™"™, a neuropeptide released
from nerve endings in many tissues, plays an important
role in inflammatory processes. SP binds to a G protein-
coupled receptor, neurokinin-1 receptor (NK1R). Pan-
creatic acinar cells express NK1R, SP has been found in
pancreaslgo], and levels of SP and NK1R are increased in
AP™. Tt has been demonstrated that genetic deletion of
NKI1R reduces the severity of pancreatitis and pancreati-
tis-associated lung injury. Knockout mice deficient in the
preprotachykinin-A gene, which encodes for SP, are pro-
tected against AP™. These evidences suggest an impor-
tant interaction between SP and NKIR in development
of acute pancreatitis and lung injury. Studies have shown
that SP induces an increase of cytosolic calcium, and
probably elevated concentration of calcium is one of
the causes of AP™. Pancreatic acinar cells treated with
SP showed an upregulation of phosphorylation of both
ERK and JNK. The inhibitor U73122, a PLC inhibitor,
decreased phosphorylation of ERK and JNK, as well as
inhibited the activation of NF-xkB™. These findings are
important to demonstrate that drugs targeting SP could
represent a therapeutic approach for the treatment of
AP,

CONCLUSION

Acute pancreatitis is an autodigestive disease resulting in
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acute inflammation of the pancreas and MAPKSs have
been demonstrated to play a pivotal role in the develop-
ment of the disease (Figure 1). As a consequence of the
above reported observations, it is possible to speculate
that the blockade of MAPKs may represent a strategic
target for future treatment of acute pancreatitis.
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