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1. Introduction

Pancreatic acinar cell injury triggers the
synthesis and release of pro-inflammatory
cytokines and chemokines (32, 36, 39, 41, 82).
Together with acinar cell death releasing
damage-associated molecular patterns
(DAMPs), such as histones, high-mobility group
boxl protein (HMGB1) and ATP (60), this
initiates an acute, sterile (43) inflammatory
response, in a manner that shares similarities
with the molecular/signaling events observed in
sepsis (113). The resulting early cellular
response, consisting of glandular infiltration with
neutrophils and monocytes, appears to
exacerbate pancreatic injury and is at least in
part responsible for early onset organ failure
seen in some cases of AP (85, 86). The clinical
significance of these events is highlighted by the
utility of cytokine measurements in predicting
outcome in human acute pancreatitis (116).

Inflammation is either self-limiting or self-
perpetuating resulting in significant organ
necrosis. Several days to weeks into the

disease, development of immune anergy — or
compensatory  anti-inflammatory  response
syndrome — has been described in patients (74),
associated with infection of pancreatic necrosis
and multi-system organ failure. There are
important differences in the immunological
response to pancreatitis observed in humans
and in experimental models (133); however,
animal and cell models remain critical in

furthering our understanding of molecular
mechanisms, signaling pathways, and new drug
targets. This review aims to describe the roles of
key cytokines and chemokines in commonly
used experimental models of pancreatitis and
how the cytokine profile is affected by the choice
of a specific model. Where relevant, we present
and compare quantitative data reported in
various models.

2. Tissue injury and inflammatory
cell recruitment.

Tissue injury caused by pancreatitis toxins leads
to the release of DAMPs — nuclear proteins
(such as histones and HMGB1), nuclear and
mitochondrial DNA, heat shock proteins, and
ATP (60, 134). Nuclear proteins in particular can
be measured as early as 4 h after induction of
experimental acute pancreatitis (88, 111). These
act via common immune sensors and mediators
to initiate sterile inflammation (18). Another
mechanism whereby injured pancreatic acinar
cells trigger the inflammatory response is
through synthesis and release of cytokines (36)
and chemokines (11), and upregulation of
adhesion molecules such as the intercellular
adhesion molecule-1 (ICAM-1) (136), which
together promote neutrophil and monocyte
infiltration (27, 71) and exacerbate tissue injury
(20, 27, 37).



3. Chemokines which recruit innate
iImmune cells in pancreatitis

Chemokines (chemotactic  cytokines) are
positively charged polypeptides with highly
conserved cysteine (C) residues within the N-
terminal sequence, classifying them as ‘C’, ‘CC’,
‘CXC’ or ‘CX3C’ types (102, 143). The presence
or absence of a glutamate-leucine-arginine
sequence further divides chemokines into ‘ELR’
and ‘non-ELR’ chemokines, with ELR-
chemokines exhibiting highest activity in
chemotaxis assays (65, 130).

In the context of AP, the most extensively
investigated chemokines are CC-ligand 2
(CCL2, also known as monocyte
chemoattractant protein-1 or MCP-1), CXC-
ligand 1 (CXCL1, also known as cytokine-
induced neutrophil chemoattractant or CINC in
rat and keratinocyte cytokine or KC in mouse),
and CXC-ligand 2 (CXCL2, also known as
macrophage inflammatory protein 2-alpha or
MIP2a). CCL2 acts predominantly via the CC-
receptor CCR2, although it also binds to CCR4
(138), whereas CXCL1 and CXCL2 both act via
CXCR2 (125).

CXC-ligands

In response to cerulein (a CCK-8 ortholog
widely used to elicit early pancreatitis responses
in isolated acini an ex-vivo pancreatitis model),
murine pancreatic acinar cells upregulate mRNA
expression of both CXCL1 and CXCL2 within 90
min, with a supramaximally stimulating cerulein
concentration of 0.1 uM producing 8 fold
increase in CXCL1 and 10 fold increase in
CXCL2 expression (87). In a mouse model of
cerulein-induced acute pancreatitis (CER-AP),
10 hourly doses of 50 pg/kg cerulein result in an
increase in CXCL2 concentration from <10
pg/ml to 110 pg/ml in serum, 190 pg/ml in
pancreas, and 240 pg/ml in lung homogenates
(91). A >40-fold increase in pancreatic CXCL2
MRNA expression was measured in rat CER-AP
(38). Pre-treatment with an anti-CXCL2 antibody
was shown to reduce pancreatic edema,
inflammatory cell infiltration and necrosis, as
well as reduce pancreatic and Ilung
myeloperoxidase (91); antibodies against

CXCL1 (8) elicit similar protection for pancreatic
and lung injury in rats. Inhibition of CXCR2 with
antileukinate (9), evasin-3 (77) or AZD8309 (73)
improves the above parameters, as does
CXCR2 knockout in the context of cerulein-
induced acute and chronic pancreatitis (117).
Glycyrrhizin, a licorice extract, reduces the
ability of isolated pancreatic acinar cells to
produce CCL2 and CXCL2 in response to
cerulean (90), and treatment with glycyrrhizin
was shown to attenuate pancreatic injury in
response to cerulein in vivo (23). Taken
together, these data convincingly demonstrate
the crucial role of the CXCL2/CXCR2 axis in the
genesis of experimental AP.

A chemokine that has gained recent prominence
is CX3CL1, or fractalkine. CX3CL1 uniquely
acts as both a chemoattractant and surface
adhesion molecule; induced by other cytokines
(in particular TNFa), it is expressed on the
surface of vascular endothelium and enhances
leukocyte adhesion by increasing binding avidity
of integrins (121). In the rat bile-acid model of
AP, serum CX3CL1 has been shown to rise
from 150 pg/ml baseline levels to peak at 1400
pg/ml 16 h following intra-ductal taurocholate
infusion (46). AR42J cells (rat cell line retaining
some acinar cell characteristics) are able to
synthesize and release CX3CL1 in response to
cerulein, and express the CX3CR1 receptor,
which on stimulation triggers the synthesis and
release of TNFa (47). More recently, acinar cell
CX3CR1 expression has been reported in
normal rat pancreas; it is upregulated in models
of acute and chronic pancreatitis in which it
induces pancreatic stellate cell proliferation
(120). To date, no specific inhibitors of CX3CL1
have been tested in AP; however, CX3CL1
siRNA has been shown to reduce pro-
inflammatory cytokine release in the context of
taurocholate-induced AP (TC-AP) (45).

CC-ligands

Expression of CCL2 was shown to increase in
CER-AP by about 30% in lung, 60% in blood,
and 140-fold in pancreas (26). Knockout of
CCL2 (26) or inhibition with evasin-3 (77)
reduced pancreatic leukocyte infiltration as well
as necrosis, and decreased hyperamylasemia in



murine CER-AP, while evasin-4 treatment only
ameliorated lung injury. Inhibition of CCL2
production with the relatively specific inhibitor
bindarit reduced serum amylase as well as
histopathologic scores in rat TC-AP (142).
Antibody-mediated inhibition of CCL2 in this
model had similar effects on the pancreas and
also dramatically reduced other serum cytokines
including TNFa, IL-6 and IL-10 (54). This effect,
however, was only partially reproduced by
genetic ablation of its known receptors, CCR2 or
CCR4, suggesting alternatives and
redundancies in CCL2 signaling pathways.
Interestingly, CCR2 knockout exacerbated
chronic pancreatitis in the repetitive cerulein
model (80). Together, the findings highlight a
key role of CCL2 in early inflammation.

4. Mediators of early cellular
infiltration and systemic
inflammatory response

Neutrophils are amongst the earliest innate
immune cells to respond to tissue injury and the
chemokines released in response to tissue
injury in AP; with infiltration of the pancreas by
neutrophils observed as early as 1 h after
induction of experimental pancreatitis and
infiltration of lung after 3 h (25). Severity of
human acute pancreatitis correlates with
circulating levels of interleikin-8 (IL-8), a major
neutrophil-activating chemokine, as well as with
neutrophil elastase (35). Antibody-mediated
depletion of neutrophils ameliorates
experimental AP (10, 53, 78, 108) (especially
the lung injury), as does the genetic ablation of
ICAM-1 (27) or neutrophil NADPH oxidase (37).
Interestingly, the latter knockout (37) reduced
the pathologic, intrapancreatic increase in
trypsin activity in CER-AP, which was previously
considered acinar cell autonomous. Inhibitors of
neutrophil elastase have also shown promise in
the treatment of pancreatitis-associated lung
injury (52, 127).

Neutrophils and monocytes contribute to further
cytokine release, which is amplified by activated
peritoneal macrophages and hepatic Kupffer
cells to enhance levels in the systemic
circulation (29, 30, 70), manifesting clinically as

systemic inflammatory response syndrome
(SIRS). The amplification links pancreatic injury
to organ dysfunction associated with severe AP.
In this context, the most relevant cytokines for
discussion are IL-6, IL-1f3, and TNFa.

IL-6

IL-6 is a key cytokine involved in early
inflammation in AP. It belongs to a family of nine
IL-6 type cytokines and has unusual signaling
properties. Although IL-6 is produced and
secreted by many cell types, very few cells
(predominately hepatocytes, neutrophils and
macrophages) express IL-6 receptors, leading
to the assumption of a very specific pro-
inflammatory role for this cytokine (109).
However, in complex with a soluble form of its
receptor (sIL-6R) IL-6 can induce signals in cells
not expressing the IL-6R — a phenomenon
termed trans-signaling (28, 99, 106).

IL-6 expression is upregulated in AR42J cells
(16, 56), rodent pancreatic acinar cells (59), and
indeed murine salivary gland (97) following
stimulation. In vivo models of experimental
acute pancreatitis show the rise of serum levels
of IL-6 correlating with the severity of the model
used, from less than 10 pg/ml to 50-100 pg/ml
(24 h) and 200 pg/ml (72 h) in mouse CER-AP
(49, 135), to 400 pg/ml following intra-ductal
infusion of taurolithocholate-sulfate (48). Intra-
ductal infusion of taurocholate leads to the
highest levels of serum IL-6, 2000 pg/ml 24-48 h
following the induction of AP (110). Interestingly,
the increase in pancreatic IL-6 mMRNA
expression in this model (as well as other
parameters of injury) is much greater in the
head than in the tail of the pancreas (124). A
~100-fold increase in pancreatic IL-6 MRNA
expression has been reported in rat CER-AP
(38).

Administering IL-6 together with cerulein
produced total lethality in mice after 4 days, and
IL-6 trans-signaling has been demonstrated to
link experimental pancreatitis to acute lung
injury(137). Furthermore, even though acinar
cells are clearly able to secrete IL-6, pancreatic
IL-6 in CER-AP appears to derive predominantly
from invading myeloid cells(137). As may be



expected, inhibition of IL-6 signaling, either with
neutralizing antibody(17, 19) or by genetic
modification of an upstream signaling
pathway(119), ameliorates cerulein and bile-
acid induced AP. A very pronounced effect of IL-
6 genetic ablation on CER-AP is in the context
of diet-induced obesity; in this setting, IL-6 is
responsible for delayed clearance of neutrophilic

infiltrate and  associated pancreatic
necrosis(95).
TNFa

TNFo was initially identified as a serum factor
able to induce necrosis in solid tumours(3).
Since then, anti-TNF signaling strategies have
been successfully employed in a number of
inflammatory diseases resulting in a deeper
understanding of its therapeutic
manipulation(58). TNFa is synthesized in
membrane-bound form in many tissues in
experimental acute pancreatitis(83), and
requires cleavage by TNFa converting enzyme
(TACE, or ADAM17) to be released in soluble
form(55). Activity of TNFa is dependent on its
binding to one of two receptors, TNFR1 or
TNFR2. TNFR1 is ubiquitously expressed and
linked to TNFR1-associated death domain
protein, with activation of this pathway resulting
in the induction of programmed cell death(13).
TNFR2 is predominantly expressed on immune
and endothelial cells, lacks a death domain, and
responds primarily to the membrane-bound form
of TNFa(34) to promote cell survival,
proliferation, and inflammation. Both receptors
can be shed following inflammatory stimuli,
rendering them soluble in order to bind and
inactivate circulating TNFa(96).

Due to this complex binding pattern, measuring
TNFo with commercial kits can be difficult, as
some kits only measure free TNFa. In rat bile-
acid induced AP, for example, free TNFa
increased from 3 pg/ml to 7.5 pg/ml within an
hour, only to return to baseline after 3 h(33).
Total TNFa increased from 2.5 to 7.5 ng/ml in
the same time period and remained at the
higher level for 9 hours. Levels of soluble
TNFR1 and 2 similarly increased within an hour
and remained elevated for at least 9 hours.

Plasma levels in rats with bile-acid induced AP
rise from 20 pg/ml to a peak of 80 pg/ml within
24 h(100).

TNFa was one of the first cytokines whose
MRNA expression was found to be induced in
experimental AP(84). Pancreatic acinar cells
can themselves synthesize TNFa(36), and gene
expression is upregulated in response to
cerulein and lipopolysaccharide as rapidly as
within 30 min, with maximal expression after 6
h(122). Vascular endothelial cells are also able
to synthesize and release TNFa in response to
DAMPs such as double-stranded DNA(94),
abundant in AP due to cellular necrosis and
actively released from neutrophils in the form of
neutrophil  extracellular  traps(76).  While
neutrophil recruitment can be sustained via
TNFR1 alone, monocyte recruitment is
dependent on TNFR2, and upregulation of this
receptor on vascular endothelium contributes to
selective recruitment of inflammatory
monocytes(126). TNFa was the first cytokine
(together with IL-1) implicated by genetic means
in the pathogenic mechanism of
pancreatitis(21). Genetic deletion of TNFa, or
use of neutralizing antibodies prevents
leukocyte-induced  trypsin  activation and
necrosis in isolated acini(112). TNFa also
regulates acinar cell apoptosis in AP(36). In rat
TC-AP, infliximab (a monoclonal anti-TNFo
antibody) attenuated pancreas and lung
injury(72), an effect seemingly enhanced by
concomitant octreotide therapy(50).
Furthermore, the use of infliximab alone or in
combination was proposed to limit intestinal
dysfunction in this model(69).

The complex roles of TNFa in both pro- and
anti-inflammatory processes, however, make it a
difficult target for translation into clinical practice
in AP.

IL-1

The IL-1 family of cytokines, which includes pro-
inflammatory IL-1a/p, IL-18, IL-33 and IL-36, as
well as anti-inflammatory IL-1ra, IL-36ra and IL-
38, are another group of cytokines mediating
sterile inflammation in AP. IL-1 (oo and B) are



produced as pro-enzymes and require
proteolytic cleavage by caspase-1 (also known
as IL-1 converting enzyme, or ICE) or by
neutrophil proteases to develop maximal
biological activity(2). IL-1o/ both act via the
same receptor and are inactivated by
competitive binding to soluble IL-1 receptor
antagonist (IL-1ra), a naturally occurring IL-1
inhibitor regulated through many of the same
pathways as IL-1 itself(2). IL-1 blockade is
proving particularly effective in rheumatological
diseases, with a number of agents approved for
clinical use(57).

IL-1B, ICE and IL-1ra mRNA are all expressed
at low levels in mouse pancreas, but increase
rapidly on cerulein stimulation or on a choline
deficient, ethionine-supplemented (CDE)
diet(24). Serum levels of IL-1p rise from a <10
pg/ml baseline to 150 pg/ml after 6 h in CER-
AP, or to 200 pg/ml after 48 h in CDE-AP.
Similar levels of IL-1ra could be detected in
serum over the same time scales(24). Using
glycodeoxycholic acid ductal infusion in rats,
levels as high as 5000 pg/ml have been
reported 12 h after induction of AP(111).
Targeted overexpression of IL-1f in murine
pancreas produced inflammatory changes
consistent with chronic pancreatitis in animals
as young as 6 weeks(104), and co-
administration of IL-1p exacerbated pancreatic
and lung injury in rat CER-AP(81). Accordingly,
recombinant IL-1ra effectively attenuated
damage in mouse(114) and rat(131) chronic
pancreatitis models. The synthetic IL-1ra
Anakinra (a modification of recombinant IL-1ra
licensed for the treatment of rheumatoid
arthritis) also attenuated pancreatic injury in rat
CER-AP(61). Reduction of biologically active IL-
1B through inhibition of caspase-1 has also
been shown to have some end-organ protective
effects, for example by reducing renal
injury(140), lung injury(141), and mortality(93)
associated with rat TC-AP. It should be
remembered, however, that IL-1 can be
activated in other ways — for example, by
neutrophil proteases. Another member of the IL-
1 family, I1L-33, links these signaling pathways
by stimulating IL-6, CCL2 and CXCL2 release,
demonstrated in isolated murine pancreatic
acinar cells(63).

MIF

Activated T  lymphocytes, inflammatory
monocytes, and resident macrophages release
macrophage migration inhibitory factor (MIF)(6),
a pro-inflammatory cytokine which acts to
further stimulate other macrophages(7) and T
lymphocytes(4). In experimental AP in rats, MIF
reaches peak concentrations of around 120
ng/ml (ascites and plasma) within 2-4 hours in
CER-AP and 280 ng/ml (ascites) within 1 hour
or 200 ng/ml (plasma) 10 hours following the
induction of TC-AP. Pre-treatment with anti-MIF
antibody decreased plasma levels of TNFa and
reduced lethality of TCA-AP as well as CDE-
AP(107).

5. Resolution of inflammation and
delayed immune anergy

The interplay of inflammatory cells aims to
control and clear the site of injury of cellular
debris (and pathogens) quickly and effectively,
and then repair and restore function to the
surrounding tissue. Cessation of inflammation
thus requires anti-inflammatory signals to
overpower the pro-inflammatory ones. For
example, monocyte/macrophage subsets
encountering apoptotic cells including
neutrophils  respond by releasing anti-
inflammatory cytokines and are critical to
resolution of inflammation(22). Dysfunction of
these regulatory systems together with ongoing
injury can lead to non-resolving inflammation,
progression to chronic pancreatitis or even
pancreatic neoplasia(39). Many of these anti-
inflammatory cytokines are released alongside
their pro-inflammatory counterparts and have
been discussed above (IL-1ra and soluble TNF
receptors); the two other cytokines central to
resolution of acute inflammation in AP are IL-10
and transforming growth factor beta (TGF-$).

IL-10

IL-10 is the foremost member of class-Il
cytokines, a family of anti-inflammatory
cytokines that includes IL-19, IL-20, IL-22, IL-24,
IL-26, IL-28, and IL-29. It is produced by a wide
range of leukocytes including B cells, T cells,
monocyte/macrophages and dendritic cells, and



was initially described as a cytokine synthesis
inhibitory factor, due to its ability to inhibit
interferon gamma release by Thl cells(115). In
fact, IL-10 inhibits release of many pro-
inflammatory cytokines on a transcriptional level
via STAT3(51). IL-10 also directly inhibits T cell
expansion through downregulation of class I

major histocompatibility complex and
costimulatory molecules such as
CD80/CD86(89).

As with many other cytokines discussed in this
review, pancreatic acinar cells also produce and
secrete IL-10 and upregulate its production in
response to pancreatitis toxins(101). Levels in
systemic circulation, however, are likely to
derive from infiltrating leukocytes as well as
splenocytes(31) and hepatic Kupffer cells(5, 92).
Knockout of B-cells, as another source of IL-10,
exacerbates murine CER-AP in a manner that
can be rescued by adoptive transfer of B
cells(98).

In rat bile-acid infusion AP model, IL-10 rises
from a baseline of 10 pg/ml to 5000 pg/ml after
6 h, earlier than the pro-inflammatory cytokines
IL-18 and IL-6, and then drops to a new
baseline of 2000 pg/ml for the next 6 h. Rats
administered exogenous IL-10 either before or
after induction of CER-AP had lower serum
amylase and pro-inflammatory cytokine levels
as well as less pancreatic damage on
histology(105). Although there are currently no
licensed IL-10 analogues in clinical use, agents
shown to increase pancreatic IL-10, such as
insulin-like growth factor 1 (IGF-1), have been
tried in the context of experimental AP. Given
during the course of rat CER-AP, IGF-1
ameliorated pancreatic damage and reduced
pro-inflammatory cytokine levels (although other
explanations are possible for such an
effect)(128). Other strategies to enhance IL-10
secretion include administering IL-4 to cultured
liver macrophages, which effectively reverses
their polarization from a pro-inflammatory M1-
type to an anti-inflammatory, IL-10 producing
M2-type in vitro(132). Adenoviral transfer of IL-4
gene into pancreatic stellate cells similarly
increased the endogenous IL-10
expression(14). Injection of such an IL-4 gene

carrying vector into gastric artery of rats led to a
transient increase in pancreatic I1L-10 after 2
weeks(15). While these methods are clearly not
ready for translation into clinical trials, they are
important proof of principle studies and add to
our understanding of this particular cytokine
signaling axis. As could be expected, knockout
of IL-10 greatly exacerbated pancreas injury in
mouse repetitive-cerulein  model of chronic
pancreatitis(20).

TGF-B

TGF-B is a member of a family of about 40
related factors promoting growth and cellular
differentiation. Of the three mammalian
isoforms, TGF-B1, -2 and -B3, TGF-B1 is the
most extensively studied(62). Its overall effects
are strongly cytostatic and anti-inflammatory
(through inhibition of pro-inflammatory M1-type
macrophages and Thl-type lymphocytes, as
well as promotion of anti-inflammatory M2-type
macrophages, Th2-type lymphocytes, and
regulatory T cells)(1). TGF-B1 production is
upregulated early in the course of mouse CER-
AP; and expression of a non-functional,
dominant negative TGF receptor type |l
ameliorated pancreatic injury in this model(129).
Interestingly, acini isolated from these mice did
not exhibit restricted stimulation at high cerulein
concentrations(129). In rat CER-AP, increased
TGF-1 mRNA expression was detectable by
the end of the first hour(68). As early as 5 h
following  ductal infusion with  sodium
deoxycholate, plasma levels of TGF-f in rats
were reported as high as 10 ng/ml (twice as
high as following macrophage depletion)(44).
Hepatic injury in this model was reduced by both
depletion of liver macrophages and by use of
neutralizing antibody for TGF-B(44). Of note,
TGF-f mRNA expression in rat L-arginine
induced AP is upregulated much later (not until
2 days following the induction of AP(64)), in
accord with slower development of pancreatitis
in this model. In a comprehensive time-course
analysis of TGF-B mRNA expression, increased
TGF-1 mRNA was detectable within 4 hours of
cerulein injection in rats; however, there was a
clear peak in expression between 2 and 3 days
after AP induction(103). Peak TGF-B1



expression correlated well with collagen mRNA
in that study, supporting a role in pancreatic
repair for this cytokine. Administration of
recombinant TGF-B1 was reported to have little
effect on a single course of cerulein AP,
whereas it led to increased collagen deposition
and scarring after 6 courses of cerulein
treatment(123). As such, this cytokine may be
critical in the transition from recurrent acute to
chronic pancreatitis(123). Inhibition of TGF-$
activity via a viral vector expressing a soluble
TGF-B receptor reduced fibrosis in a repetitive-
cerulein model of chronic pancreaititis(79).
Similarly, use of neutralizing TGF-B1 antibody
reduced fibrosis and extracellular matrix
deposition in rat CER-AP, demonstrating a key
role  of TGF-f in regulating pancreas
repair/regeneration(75). In a recent study(139),
TGF-B1 was identified as producing abdominal
hyperalgesia in a rat model of bile-acid induced
AP. TGF-receptors were upregulated in the
dorsal root ganglion of rats in this model,
administration ~ of  recombinant = TGF-f1
enhanced while inhibition of TGF-B1 attenuated
abdominal hyperalgesia, suggesting a major
contribution of this cytokine to pain, a key
response of human chronic pancreatitis(139).

6. Compensatory anti-inflammatory
response syndrome

Prolonged disease activity is associated with
immune anergy in acute pancreatitis. The
concept of a compensatory anti-inflammatory
response syndrome (CARS) was first raised in
an attempt to understand the failure of anti-
endotoxin strategies in sepsis(12). Mediators of
CARS - predominantly TGF-B, IL-4, IL-10, and
CCL2 - are released by neutrophils and
monocytes(42, 118) and contribute to
immunoparalysis by promoting a Th2-type
adaptive immune response and predisposing to
superinfection(66). The time scale of pro- and
anti-inflammatory cytokine release is similar in
patients(40), with peak cytokine concentration
within 48 h of disease onset; thus the anti-

inflammatory cytokines presumably limit the
extent of systemic response. A significant
subset of patients, however, develop
considerable immune anergy, predisposing to
superinfection(40). In CER-AP, myeloid-derived
suppressor cells producing IL-10 acting via the
MyD88 pathway(67) appear to contribute
significantly to the development of immune
anergy; targeting of this pathway and/or the cell
type involved presents an untapped opportunity
for novel therapy in the management of AP(67).

7. Summary

In AP, injured and dying acinar cells release
DAMPs and cytokines to attract and recruit
innate immune cells, rapidly initiating the
inflammatory response (which can develop
within an hour). Infiltrating cells augment
cytokine signaling to encourage further immune
cell recruitment and modulate inflammation.
Cytokines and chemokines released in this way
(Table 1) are responded to by resident hepatic
macrophages, which further amplify the signals
leading to cytokines being detectable in plasma
and resulting in SIRS. Anti-inflammatory
cytokines are produced and released in the
same timescale as their pro-inflammatory
counterparts; however, as long as there is
ongoing tissue injury and DAMPs release the
balance of cytokines promotes further
inflammation. Excessive release of anti-
inflammatory cytokines drives immune anergy,
which contributes to late mortality by reducing
immunity to opportunistic infections.

The overlap and redundancy of cytokine
activities and signaling pathways, together with
differences in responses depending on local
factors, largely accounts for the limited success
with which cytokine antagonists have been
translated from bench to bedside. Any
successful immune-therapy for pancreatitis will
likely require detailed cytokine profiling and/or
immune phenotyping to establish personalized
responses to disease and therapy.



Table 1: Key cytokines and chemokines mediating the inflammatory response of

pancreatitis

Signaling Source in AP Receptors and | Function References
Molecule Targets
Cytokines
Acinar cells, endothelium, TNFR1 — widely Pro-inflammatory; 1,18, 71, 79-
TNFa monocytes, Kupffer cells expressed, regulates apoptosis, 92, 140
TNFR2 —immune | mediates trypsin
and endothelial activation in acinar
cells cells
Pancreas (beta cells, Secreted as pro- Pro-inflammatory; 79, 91, 96, 98-
IL-1B stellate cells), lung, liver, enzyme, increases vascular 106
spleen, monocytes converted by ICE permeability.
or neutrophil Soluble IL-1ra inhibits
proteases to IL-1pB activity.
active form; acts
on IL-1R (widely
expressed)
Ubiquitous expression IL-6R — Pro-inflammatory; 18, 32, 59, 63-
IL-6 hepatocytes, contributes to lung 65, 70-76
neutrophils, injury in AP; lethal if
macrophages; administered in the
soluble sIL-6R context of
mediates trans- experimental AP
signaling
Lymphocytes (B- and T-), IL-10R — widely Anti-inflammatory; 16, 113-121,
IL-10 monocytes/macrophages, expressed inhibits pro- 124-126, 140
dendritic cells, Kupffer cells inflammatory cytokine
release from
lymphocytes via
STATS3;
downregulates MHCII
co-stimulatory
molecules
CD80/CD86,
reducing clonal
expansion of T-
lymphocytes.
Chemokines
CCL2 Acinar cells; possibly, other | CCR2, CCR4 Pro-inflammatory; 2,18, 35, 38,
cell types in the pancreas monocyte 45-48, 71, 139
chemoattractant;
mediates pancreas
and lung injury in
experimental AP
CXCL1/2 Acinar cells, macrophages CXCR2 - Pro-inflammatory, 18, 30-38, 71

neutrophils and
myeloid derived
suppressor cells

strong neutrophil
chemoattractants
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