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Abstract

Pancreatic acinar cells are secretory cells whose main
function is to synthesize, store and finally release digestive
enzymes into the duodenum. However, in response to
noxious stimuli, acinar cells behave like real inflammatory
cells because of their ability to activate signalling
transduction pathways involved in the expression of
inflammatory mediators. Mediated by the kinase cascade,
activation of Nuclear factor-«B, Activating factor-1
and Signal transducers and activators of transcription
transcription factors has been demonstrated in acinar
cells, resulting in overexpression of inflammatory genes.
In turn, kinase activity is down-regulated by protein
phosphatases and the final balance between kinase and
phosphatase activity will determine the capability of the
acinar cells to produce inflammatory factors. The kinase/
phosphatase pair is a redox-sensitive system in which
kinase activation overwhelms phosphatase activity under
oxidant conditions. Thus, the oxidative stress developed
within acinar cells at early stages of acute pancreatitis
triggers the activation of signalling pathways involved in
the up-regulation of cytokines, chemokines and adhesion
molecules. In this way, acinar cells trigger the release
of the first inflammatory signals which can mediate the
activation and recruitment of circulating inflammatory
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cells into the injured pancreas. Accordingly, the role of
acinar cells as promoters of the inflammatory response in
acute pancreatitis may be considered. This concept leads
to amplifying the focus from leukocyte to acinar cells
themselves, to explain the local inflammation in early
pancreatitis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Under physiological conditions the function of pancreatic
acinar cells is to secrete hydrolytic enzymes into the duo-
denum that are used for the breakdown of large food
molecules. Many of them are synthesized and stored as
inactive pro-enzymes (zymogens) and they only become
active when they reach the duodenum. However, in acute
pancreatitis, activation of zymogens within acinar cells
occurs which leads to the autodigestion of the pancreas.
Classically, it has been accepted that the pancreatic injury
would trigger a local and systemic inflammatory response
in which the immune cells would play the central role.
However, recently the concept has emerged that panc-
reatic acinar cells are responsible for releasing the first
inflammatory signals in response to the injury initiated
within them and, subsequently these signals activate
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the immune response. This notion is supported by
different studies showing that acinar cells are able to
activate signalling pathways involved in the expression of

inflammatory mediators' .

INFLAMMATORY MEDIATORS
PRODUCED BY ACINAR CELLS

Acinar cells have demonstrated the ability to produce
different types of inflammatory mediators in response to
noxious stimuli.

Cytokines

Cytokines are a small group of low molecular weight
soluble proteins which act as mediators of cell commu-
nication™”. They are pleiotropic factors which after the
interaction with highly specific cell surface receptors show
the ability to enhance the production of themselves as
well as other inflammatory mediators, thus contributing to
the amplification of the inflammatory response in acute
pancreatitis.

Overexpression of cytokines in pancreatic tissue
during experimental acute pancreatitis has been reported
in different studies, but the first evidence of cytokine
production by a non-inflammatory cell in the pancreas
was shown by Gukovskaya e# o/, who demonstrated
that pancreatic acinar cells are able to produce, release
and respond to TNF-q. Blinman ez a/” also reported
expression of TNF-o and II-6 in acinar cells as a result
of the isolation procedure of acini. Increases in the
production of TNF-q, 1I-6 and 1I-1f have been reported
by Kim e a/”, who analyzed the response of pancreatic
acinar cells cultured in the presence of neutrophils primed
with 4f3-phorbol 12 B-myristate 13 o-acetate (PMA). More
recently, Ramudo ¢z a/” corroborated the acinar expression
of TNF-q in in vitro studies, in which pancreatic acinar
cells were cultured in the presence of pancreatitis-
associated ascitic fluid (PAAF) as well as in 7z vivo studies
carried out in acinar cells from rats with acute pancreatitis
induced by bile-pancreatic duct obstruction (BPDO)™. In
the BPDO model of AP, the acinar expression of the anti-
inflammatory cytokine II-10 has also been demonstrated
at early stages of the disease".

Cytokines produced by acinar cells could play a
detrimental role in the progression of acute pancreatitis
through the induction of regulatory genes in the acinar
cell, including those encoding inflammatory factors and
their receptors and cholecystokinin (CCK) receptors“zj. In
addition, the acinar production of TNF-qo may contribute
to the severity of acute pancreatitis through the induction
of apoptosis of acinar cells™"”,

Chemokines

Chemokines are a family of small cytokines with activating
and chemotactic effects on leukocytes, which provide a key
stimulus for directing the migration of inflammatory cells
into injured tissues' . On a structural basis, chemokines
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have been classified into four subfamilies: C, CC, CXC and
CX5C, according to the position of the first two cysteine
residues'”. Tt is believed that each chemokine subfamily
acts selectively upon different leukocyte subsets. CC che-
mokines, such as monocyte chemoattractant protein-1
(MCP-1), macrophage inflammatory protein (MIP)-1q,
and regulated upon activation, normal T expressed and
secreted (RANTES), would act mainly on monocytes. CXC
chemokines, such as 11-8 or its analogue in the rat cytokine-
induced neutrophil chemoattractant (CINC), Mob-1 (the
homologue of human IP-10) and MIP-2, would mainly
act on neutrophils. Experimental data support the notion
that chemokines play a key role in the development and
evolution of acute pancreatitis' .

Pancreatic acinar cells have demonstrated the ability to
produce chemokines as first inflammatory signals during
acute pancreatitis. Acinar expression of MCP-1 has been
reported following induction of acute pancreatitis with
cither supramaximal doses of caerulein or retrograde
infusion of sodium taurocholate ™ and recently in the
BPDO model™. Overexpression of CINC in acinar cells
was also found in experimental models of acute pancreatitis
different from hyperstimulation with caerulein®, a
finding that suggests different regulation for CC and CXC
chemokine synthesis in acinar cells.

The capability of acinar cells to produce chemokines
has also been shown in i vitro studies. Blinman e# a/”
showed expression of KC, MCP-1 and MIP-2 in acini
during the isolation procedure. MCP-1 was found
overexpressed in acinar cells in response to caerulein™
TNF-a* and PAAF"”. Mob-1 and RANTES were
reported to be synthesized in acinar cells stimulated with
CCK or its analogue caerulein™***, Xie ¢ a/*" reported
expression of 11-8 in the AR42] cells cultured in the
presence of menadione, TNF-o and TGF-f3.

Adhesion molecules

Three families of cell adhesion molecules play a central role
in leukocyte-endothelial interactions: selectins, integrins and
the immunoglobulin family.

Only ICAM-1 has been reported to be synthesized by
pancreatic acinar cells. ICAM-1 is a cell surface glycoprotein
belonging to the immunoglobulin family which binds to the
2 integrin counter-receptors LFA-1 and MAC-1 for the
leukocyte transmigration into inflamed tissues”

ICAM-1 is constitutively expressed at very low levels
but it is upregulated in response to inflammation™*",
Pancreatic acinar cells demonstrated the ability to upregulate
ICAM-1 expression in response to supramaximal doses
of caerulein and, as a result, the adhesion of neutrophils
to acinar cells was found in # vitro studies™. Also, in vivo
studies carried out in rats with AP induced by BPDO
showed overexpression of ICAM-1 in acinar cells at early
stages of the disease”. These data suggest that acinar
cells themselves are able to release the first signals from
the pancreas during AP for the recruitment of circulating
inflammatory cells into the injured pancreas.
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SIGNAL PATHWAYS INVOLVED IN
THE EXPRESSION OF INFLAMMATORY
FACTORS IN ACINAR CELLS

Nuclear factor«B (NF-«B)

NF-«B is a transcription factor which forms homo- or
heterodimers composed of members of the Rel subfamily,
which bind to DNA and activate a wide ran%e of genes,
many of them associated with inflammation” ", NF-xB
is kept latent in the cytosol va interaction with inhibitory
proteins of IkB family that prevent NF-kB translocation
to the nucleus and its binding to DNA. NF-xB activation
requires the phosphorylation of IkB proteins at specific
regulatory amino acid residues and subsequently IxBs
are targeted for degradation by the 26S proteasome, thus
allowing NF-kB dimers to translocate to the nucleus
where they bind to DNA and activate target genes™

The involvement of NF-kB transcription factor in the
expression of inflammatory mediators in acinar cells has
been demonstrated in rats with AP experimentally induced
by caerulein*?!, BPDO"**"** and retrograde infusion
of NaTc into the bile-pancreatic duct®, Overexpression
of cytokines, chemokines and adhesion molecules has
been associated to NF-xB activation in acinar cells cultured

in the presence of CCK or its analogue caerulein™"

substance P, PAAF” and TNF-¢/".

Activating factor-1 (AP-1)
AP-1 is a collective term referring to dimeric transcription
factors composed of Jun, Fos or ATF (activating transc-
ription factor) subunits that bind a common DNA site,
the AP-1 binding site. Most of the genes that encode
AP-1 components behave as “immediate-early” genes,
such as those related with the inflammatory responsengJ
AP-1 activation has been demonstrated to be involved
in the signal transduction mechanisms for the acinar
expression of cytokines and chemokines during AP
induced by NaTc™ caerulein and ethanol™. In addition,
AP-1 has also been found to be activated in AR42J cells
in response to lysophosphzltidylcholinel42J and in mouse
pancreatic acinar cells stimulated with substance P for
chemokine synthesis™*,

Signal transducers and activators of transcription (STAT)
The STAT family of transcription factors was initially
identified as cytokine and growth factor-inducible
DNA binding™. They are silent in the cytoplasm and in
response to stimuli such as cytokines, growth factors and
reactive oxygen species (ROS), become phosphorylated
by members of the Janus kinase (JAK) family"™ and Src
kinase family",

The STAT pathway has been shown to act as down-
stream in the expression of inflammatory mediators in
acinar cells of rats with AP induced by either BPDO or
NaTc?™ as well as in isolated acinar cells cultured in the
presence of either PAAF? or substance PP, Activation of
STAT1 and STAT?3 has also been reported to be involved
in cytokine synthesis in AR42] cells stimulated either with

. 748 .49
cytokmesl4 ot cerulein!™”
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Kinases

Different kinds of kinases have been associated with the
phosphorylation required for the activation of transcription
factors mediating the expression of inflammatory mediators
in acinar cells.

The mitogen activated protein kinase (MAPK) family is
composed of five major classes of MAPKSs, which include
p38MAPK, extracellular-regulated kinase (ERK)1/2 and
Jun N-terminal kinase (JNK). Emerging evidence has
implicated these three MAPKSs in the pathophysiology
of AP because of the pivotal role they play in the inflam-
matory response developed within different cell types
including acinar cells. According to different reports’™*,
the overproduction of ROS generated in acinar cells in
the course of AP might activate the MAPK cascade and,
as a result, inflammatory genes are expressed. In this
line, the use of N-Acetilcysteine (NAC) as an antioxidant
treatment reduced the acinar expression of cytokines and
chemokines mediated by MAPK activation in rats with AP
induced either by BPDO or NaTc""*!\. This notion is also
supported by 7 vitro studies in which p38MAPK, ERK1/2
and JNK activation was found in acinar cells treated with
H20:"'. MAPK inhibition or transfection with dominant
mutant MAPK genes abolished stress-induced cytokine
expressionmz]. It has been shown that ERK and JNK act
as upstreams of NF-kB and AP-1-mediated chemokine
expression in acinar cells". Accordingly, the evidence
indicates that MAPKSs would be involved in the control
of the inflammatory response in acinar cells by directing
cytokine expression.

Protein kinase C (PKC) is a family of serine threonine
kinases with 10 isoforms. In pancreatic acinar cells,
PKC activation is requited to mediate NF-kB activation
in response to CCK-8 and TNF-a"". The activity of
PKCs is regulated by phosphorylation, Src kinases being
important mediators in this regulationm. Recently, it has
been reported that Src kinases are involved in the signalling
cascade which triggers chemokine synthesis in acinar cells
in response to substance P”. However, Stc kinases do
not play an essential role in the inflammatory response
of acinar cells to either CCK-8 or TNF-a. Also, protein
kinase D has been associated with NF-xB activation as
early events during caerulein-induced pancreatitis®™,

Phosphatases
Protein phosphatases act on protein kinases dectreasing
their activity by dephosphorylation. Phosphatase activity
exerts a negative regulation of MAPK action on the
expression of inflammatory genes"™. Phosphatases may
regulate the duration and strength of MAPK activation,
which ate critical determinants of their biological effects.

There ate two major groups of protein phosphatases,
protein tyrosine phosphatases (PTPs) and setine/threonine
phosphatases (PPPs). PTPs include cytosolic members such
as MAPK phosphatases (MKP) (which down-regulates
MAPK activity”), SHP-1 and SHP-2, and membrane
phosphatases such as CD45.

A decrease in PP2A activity associated with up-regu-
lation of pro-inflammatory genes eatly in the course of AP
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Figure 1 Signal transduction pathways involved in the expression of
inflammatory mediators in pancreatic acinar cells. Abbreviations: ROS:
Reactive oxygen species; PTPs: Proteine tyrosine phosphatases; TNF-a.:
Tumor necrosis factor-a,; CCK-8: Cholecystokinin-8; PAAF: Pancreatitis-
associated ascitic fluid; PKC: Protein kinase C; PKD: Protein kinase D; MKKKSs:
Mitogen activated protein kinase kinase kinases; MKKs: Mitogen activated
protein kinase kinases; MAPKs: Mitogen activated protein kinases; MKPs:
Mitogen kinase phosphatases; IKKs: B kinases; JNK: Jun N-terminal kinase;
ERK: Extracellular-regulated kinase; JAKs: Janus kinases; NF-«xB: Nuclear
factor-kB; AP-1: Activating factor-1; STAT: Signal transducers and activators of
transcription. Arrows: Activation; Dotted arrows: Inhibition.

has recently been reportedfsﬂ. Pancreatic overexpression
of MKPs™ and SHPs"” has been reported as an early
response during AP induced by caerulein. Regarding
membrane phosphatases, CD45, a tyrosine phosphatase
traditionally considered to be expressed exclusively
in nucleated hematopoietic cells', was unexpectedly
found in the acinar cell membrane!”. This result strongly
supports the theory that the acinar cell may function like
an immunocompetent cell. Decrease in CD45 expression
associated to the inflammatory response triggered by acinar
cells was found in response to PAAF"Y, Additionally,
CD45 expression in acinar cells has been shown to be
down-regulated in the course of BPDO-induced AP in
parallel with an increase in TNF-o production and both
effects were prevented by NAC treatment'. Tt is generally
thought that CD45 couples Src kinases to maintain them
in a dephosphorylated state!”, Given that Src kinases
are required to initiate the signal transduction cascade
in the inflaimmatory gene expression, the role of CD45
in acinar cells might be to modulate the inflammatory
response developed in acinar cells in response to a stressful
environment. However, given that acinar cell phosphatases
are down-regulated by redox-sensitive mechanisms®*,
they would not be able to operate as negative regulators
of the inflaimmatory response developed by acinar cells
during AP when the overproduction of ROS overwhelms
the natural antioxidant mechanisms.

From the data reviewed (Figure 1), it is evident that
acinar cells are able to behave like an inflammatory cell.
More basic research in this area is expected to advance in
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the knowledge on the contribution of acinar cells in the
complex inflammatory cascade triggered in AP.
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