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Chronic pancreatitis: the perspective of pain generation
by neuroimmune interaction

P Di Sebastiano, F F di Mola, D E Bockman, H Friess, M W Bichler

Chronic pancredtitis (CP) is an inflammatory, often
painful, disease of the exocrine pancreas which leads to
exocrine insufficiency. The pathophysiology of pain in
CP is incompletely understood. Several hypotheses have
been advanced, including pancreatic and
extrapancreatic causes. Here, the different pain
hypotheses are discussed and evidence is presented that
neuroimmune inferactions are significant in the
pathogenesis of pain generation and inflammation in
CP. A better understanding of the complex cellular and
molecular mechanisms of neuroimmune interactions
should offer possibilities for innovative therapy and long
term disease prevention.
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hronic pancreatitis (CP) is an inflamma-
‘ tory, often painful, disease of the exocrine

pancreas which leads to exocrine insuffi-
ciency. It affects approximately eight new patients
per 100 000 population per year in the USA, with
a prevalence of 264 cases per 100000
population.' CP is characterised by parenchymal
fibrosis, ductal strictures, and atrophy of acinar
and islet tissue.” The ongoing pancreatic destruc-
tion leads to varying degrees of maldigestion and
in advanced stages to endocrine insufficiency.
Complications encountered in CP include pancre-
atic pseudocyst, and biliary (30%) and duodenal
(10-25%) obstruction. However, the most clini-
cally relevant feature of CP is recurrent upper
abdominal pain. Pain can be so intense and long
lasting that the follow up care of patients is diffi-
cult and frustrating.” * Attacks of acute pancreati-
tis may be superimposed on the pattern of chronic
pain. Many patients become addicted to the nar-
cotics that are prescribed. Several attempts have
been made to evaluate the nature of pain in CP by
using questionnaires and pain scales (for exam-
ple, a visual analogue scale)’ ¢ but it is difficult to
obtain sufficient data as intensity, radiation, and
duration are not constant.

The pathophysiology of pain in CP is incom-
pletely understood. Several hypotheses have been
advanced, including pancreatic and extrapancre-
atic causes. The existence of varied hypotheses to
explain the genesis of pain in CP is reflected in the
different approaches to treatment for pain relief
in these patients.*’ Increased intraductal pressure
as a result of single or multiple strictures and/or
calculi is believed to be a common cause of pain in
CP patients with a dilated main pancreatic duct.
Other suggested causes include pancreatic fibro-
sis, interstitial hypertension, and pancreatic
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ischaemia.”* Additionally, extrapancreatic causes
such as duodenal and common bile duct stenosis
with scarring due to pancreatic inflammation are
suggested as factors causing pain in CP”"' CP may
be asymptomatic from the first or, it has been
hypothesised, pain may disappear when the
disease burns itself out in late stages."

In this review we will discuss different pain
hypotheses and present the perspective that neu-
roimmune interactions are significant in pain
generation in CP. In this scenario, pancreatic
nerves react when they are surrounded and
invaded by inflammatory cells.

EXTRAPANCREATIC CAUSES OF PAIN
(table 1)

Bile duct stenosis and duodenal stenosis due to
extensive pancreatic fibrosis and inflammation
have been considered as extrapancreatic causes of
pain.” ” Becker and Mischke described a patho-
logical condition named “groove pancreatitis”, in
19.5% of 600 patients with CP" This is character-
ised by the formation of a scar plate between the
head of the pancreas and the duodenum. A scar in
the groove is said to lead to complications that are
determined by topography: disturbance in the
motility of the duodenum, stenosis of the duode-
num, and tubular stenosis of the common bile
duct, occasionally leading to obstructive jaundice.
These alterations are suggested to be responsible
for several symptoms present in CP and for post-
prandial pain due to compression of nerves and
ganglia located between the pancreatic head and
the duodenum."”

PANCREATIC CAUSES OF PAIN (table 1)
Increased intrapancreatic pressure
Intrapancreatic pressure may be related to secre-
tion in the presence of an obstruction to the pan-
creatic duct.” Altering obstruction and secretion
can modulate pain intensity and frequency.” ** In
fact, many investigators have related the origin of
pain to increased pressure in pancreatic ducts and
tissue."” The ductal hypertension hypothesis as an
explanation for pain in CP is supported by obser-
vations that decompression of a dilated pancreatic
duct or pseudocyst frequently relieves pain.”
Pancreatic enzyme supplementation may also
relieve pain in some CP patients.” It is believed

Abbreviations: CP, chronic pancreatitis; CCK,
cholecystokinin; CGRP, calcitonin gene related peptide;
SP, substance P; NGF, nerve growth factor; NK-1R,
neurokinin 1 receptor; IL, interleukin; GAP-43, growth
associated protein 43; TrkA, tyrosine kinase A.
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Table 1 Pathogenesis of pain in chronic pancreatitis:
different hypotheses

Pancreatic causes Extrapancreatic causes

Increased pressure in ducts and Duodenal stenosis
pancreatic tissue

Pancreatic ischaemia

Pancreatic fibrosis

Pancreatic pseudocysts

Acute inflammation of the pancreas
Alteration of pancreatic nerves
Neuroimmune inferaction

Common bile duct stenosis
Maldigestion

that the beneficial effects of pancreatic enzymes are related to
cholecystokinin (CCK) mediated feedback regulation of
pancreatic exocrine secretion by the activity of proteases in the
lumen of the small intestine.” According to this hypothesis,
administration of pancreatic enzymes reduces hyperchole-
cystokininaemia in patients with CP, resulting in less stimula-
tion of the pancreas, producing lower intraductal pressure,
and thereby reducing pain.*' Interestingly, pancreatic insuffi-
ciency appearing several years after a diagnosis of CP may be
accompanied by reduction or complete relief of pain, thus
suggesting that the disease can burn itself out.” Amman and
colleagues’ observed pain relief a median of 4.5 years after
onset. Pain relief was accompanied by a marked increase in
pancreatic dysfunction and calcifications. However, the per-
ception that the painful pancreas will burn out itself is not
supported by other studies." The burn out theory in CP has
been questioned by epidemiological data which show that
pain in many patients with CP continues despite pancreatic
insufficiency, the appearance of calcifications, alcohol with-
drawal, or pancreatic surgery. It has been estimated that
approximately 30% of patients treated with decompressive
surgery exhibit recurrent attacks of pain.”?*

“Many investigators have related the origin of pain to
increased pressure in pancreatic ducts and tissue”

Observations are not all consistent with a secretion-pain
relationship. Induction of pancreatic secretion by secretin,
CCK, or caerulein, as usually done in standard pancreatic
function tests (Lundh or serum pancreolauryl test) is not
associated with pain in CP patients. In fact, octreotide, a
somatostatin analogue which strongly inhibits pancreatic
secretion and therefore should interrupt this postulated pain
cycle described above, failed to significantly reduce the pain
syndrome in many patients with chronic pancreatitis.****

Ebbehoj"® reported a direct relationship between pain
intensity and intraductal pancreatic pressure before and after
decompressive surgery. In contrast with this study, Manes and
colleagues® found no relationship between pain score and
pancreatic pressure although intrapancreatic pressure was
positively correlated with ductal changes. Pancreatic pressure
was significantly higher in CP than in controls. Postopera-
tively, pancreatic pressure decreased by 15.3% in four patients
with CP in whom pressure assessment was repeated after sur-
gical decompression. They concluded that pancreatic paren-
chymal pressure is not closely related to pain in CP*

Pancreatic ischaemia

Another hypothesis suggests that pain is induced when
increased pancreatic ductal and parenchymal pressure pro-
duce a compartment syndrome that causes ischaemia.” This
hypothesis is supported by experimental studies’ *” that show
that increased interstitial pressure correlates with decreased
blood flow in a feline model of chronic pancreatitis. These
abnormalities were reversed by surgical incision of the gland
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and draining the pancreatic duct but were affected minimally
by stenting the pancreatic duct. This would suggest that inci-
sion of the gland may be more important in relieving pain
than ductal drainage.

Pancreatic fibrosis

CP is characterised by the presence of intra- and perilobular
fibrosis that leads to irreversible scarring. The pathogenesis of
pancreatic fibrogenesis is still unclear but a common concept
is that fibrosis leads to increased intraductal pressure in the
chronically inflamed pancreas and thereby to pain during the
course of CP* However, recent studies®” revealed that the
degree of pancreatic fibrosis has no significant influence on
pain generation as no correlation between the degree of fibro-
sis and intensity of pain could be demonstrated.

Pancreatic pseudocysts

Pseudocysts of the pancreas can cause intense pain in CP
patients. In the majority of cases (60%) treatment with octreo-
tide results in a reduction in size and in eventual disappear-
ance of the pseudocysts together with reduction in pain.”
Enlargement of pseudocysts, causing compression of adjacent
structures, might be a mechanism for pain generation.

INFLAMMATION IN THE PANCREAS (table 2)

Acute inflammation

Acute inflammation may develop in a chronically diseased
pancreas. Whether or not acute pancreatitis may progress to
the chronic form is still a subject of controversy. In many
patients recurrent attacks of acute inflammation lead to severe
abdominal pain. The inflammatory process, involving acti-
vated enzymes and other injurious substances, could be
responsible for pain generation.

A recent report showed increased expression of the neuro-
trophin nerve growth factor (NGF) during the course of
experimental acute pancreatitis in the rat.”’ In human CB
neurotrophin gene expression correlates with the intensity of
pain.”” Comparing these data we can speculate that similar
pathogenetic mechanisms operate. However, this possibility
should be investigated further.

Alteration of pancreatic nerves

A current concept of the pathogenesis of pain in CP involves
interaction of the nervous system and the inflammatory proc-
ess as crucial factors. Supporting this hypothesis, Keith ef a/
suggested that neural and perineural alterations may be
important in pain pathogenesis in CP” They concluded that
pain severity correlated with duration of alcohol consumption,
pancreatic calcification, and with the percentage of eosin-
ophils in perineural inflammatory cell infiltrates, but not with
duct dilatation.

“A current concept of the pathogenesis of pain in CP
involves interaction of the nervous system and the
inflammatory process as crucial factors”

A subsequent study demonstrated an increase in both the
number and diameter of pancreatic nerve fibres in the course
of CP* In tissue specimens from patients suffering from CP
foci of chronic inflammatory cells were often found surround-
ing pancreatic nerves, which by electron microscopic analysis
exhibit a damaged perineurium and invasion by lymphocytes.
These abnormalities might allow free access of inflammatory
mediators or active pancreatic enzymes into nerves, generat-
ing and sustaining pain. The changed pattern of intrinsic and
possibly extrinsic innervation of the pancreas in CP suggested
that there could be upregulation of neuropeptides that usually
populate those enlarged nerves. In fact, a further study
showed” that there were striking changes in peptidergic
nerves in CP. The changes consisted of intensification of
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Table 2 Pathogenesis of pain in chronic pancreatitis: neuroimmune interaction

Study

Findings

Keith et al 19853
Bockman et al 1988

Biichler et al 19923
Fink et al 1994%

Pain correlated with perineural eosinophils in chronic
pancreatitis

Inflammatory foci; damage to perineurium; more enlarged
nerves

Increased neuropeptide expression in chronic pancreatitis
Growth associated protein 43 (GAP-43) expression and
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Di Sebastiano et al 1997%
Friess et al 19992
Di Sebastiano et al 2000*'

Shrikande, et al 20014
Zhu et al 2001%

neuronal sprouting

Correlation between GAP-43 expression, immune cell
infiltration, and pain

Nerve growth factor and its high affinity receptor, the
tyrosine kinase A (TrkA) receptor, in chronic pancreatitis
correlates with pain intensity

Increased inferleukin 8 gene expression

Relation between substance P receptor and pain

Brain derived neurotrophic factor increased expression in
chronic pancreatitis correlates with pain score

immunostaining for calcitonin gene related peptide (CGRP)
and substance P (SP) in numerous nerve fibres. Furthermore,
double fluorescence immunohistochemistry revealed the
coexistence of SP and CGRP immunoreactive nerves. Because
both of these peptides are generally regarded as pain
neurotransmitters, these findings provide evidence for direct
involvement of pancreatic nerves in the long lasting pain syn-
drome in CP.

Neuroimmune interaction

Studies of nerves brought into focus the close spatial relation-
ship between neuronal structures and immune cells in CB
leading to the concept of neuroimmune mechanisms in the
pathogenesis of CP and the accompanying abdominal pain.

Neuronal plasticity and clinical findings

Subsequent reports” ** revealed that the presence of growth
associated protein 43 (GAP- 43), an established marker of
neuronal plasticity, directly correlated with pain scores in
patients with CP. GAP-43 is a neuronal protein known to be
involved in the development of axonal growth cones and
presynaptic terminals, and mRNA and protein levels of
GAP-43 are increased after neuronal lesions. GAP-43 is wide-
spread in both the developing and adult central and peripheral
nervous systems of the rat and is expressed in the hippocam-
pus of rats and humans, regions which continually undergo
synaptic remodelling after nerve damage. In the chronically
inflamed human pancreas, enzymatic and double fluorescence
immunohistochemistry reveals significant expression of
GAP-43 in the majority of pancreatic nerve fibres.

“Demonstration of a direct relationship between the
degree of perineural inflammation and the clinical pain
syndrome  strongly supports the hypothesis of
neuroimmune inferaction as an important, if not
predominant, factor in pain generation in CP patients”

These immunohistochemical findings correlated with clini-
cal and pathological findings in CP patients, including the
parenchyma-fibrosis ratio and the degree of perineural
immune cell infiltration. Furthermore, a strong relationship
with individual pain scores was present. Infiltration of
pancreatic nerves by immune cells is significantly related to
pain intensity whereas pain scores do not correlate with the
degree of pancreatic fibrosis or with duration of disease. Dem-
onstration of a direct relationship between the degree of
perineural inflammation and the clinical pain syndrome
strongly supports the hypothesis of neuroimmune interaction
as an important, if not predominant, factor in pain generation
in CP patients.

Nerve growth and pain

An interesting question concerns the mechanisms that
contribute to the enlargement of pancreatic nerves. A recent
study analysed expression of NGF and one of its receptors
(tyrosine kinase A (TrkA)) in patients suffering from CP** NGF
belongs to the neurotrophin family and plays a role in
neuroblast proliferation and neuronal maturation, affecting
neuronal phenotype and maintaining neuronal survival. NGF
signalling is mediated via binding to high and low affinity
receptors. The high affinity receptor is called TrkA, and signal-
ling is transmitted via an internal tyrosine kinase domain.
TrkA is present in dorsal root and peripheral ganglia cells of
primary sensory nerves, and is involved in signal transduction
of noxious stimuli and tissue injury. Inflammation results in
an elevation in NGF levels in different diseases.

“The NGF/TrkA pathway is activated in CP and this
activation might influence nerve growth and the pain
syndrome”

Interestingly, NGF may itself have cytokine-like functions;
it can modify mast cell, macrophage, and B cell functions but
may also activate TrkA located on sensory and sympathetic
nerve fibres innervating the site of inflammation, thus modu-
lating neuroimmune interactions. In CP tissue samples, NGF
and TrkA mRNA expression are markedly increased and
enhanced. NGF mRNA expression is present in ductal cells, in
degenerating acinar cells, and in acinar cells dedifferentiating
into tubular complexes. TrkA mRNA is prominent in the
perineurium. Enhanced NGF and TrkA mRNA signals are also
present in intrapancreatic ganglion cells in CP. Comparison of
the molecular findings with clinical parameters revealed a sig-
nificant relationship between NGF mRNA levels and pancre-
atic fibrosis and acinar cell damage, and between TrkA mRNA
levels and pain intensity. These findings indicate that the
NGF/TrkA pathway is activated in CP and that this activation
might influence nerve growth and the pain syndrome, most
probably by modulating the sensitivity of NGF independent
primary sensory neurones through increasing channel and
receptor expression.” Similar results, showing a positive
correlation with pain intensity and frequency in patients suf-
fering from CP, were reported for brain derived neurotrophic
factor gene expression, a member of the neurotrophin
family.”

Neuroimmune cross talk

Other mechanisms by which upregulated NGF might influ-
ence the pain syndrome in CP patients include regulation of
transcription and synthesis of SP and CGRE as well as by
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release of histamine. The neuropeptide SP is the main tachy-
kinin involved in neural transmission of sensory information,
smooth muscle contraction, nociception, sexual behaviour,
and possibly wound healing and tissue regeneration.” ” SP
has wide ranging functional effects, including cross talk
between nervous and immune systems by acting through its
specific receptor, neurokinin 1 (NK-1R). A recent report by
Shrikande and colleagues® demonstrated a significant corre-
lation between NK-1R and clinical-pathological findings in CP
patients. In CP samples, NK-1R mRNA expression and protein
were localised mainly in nerves, ganglia, blood vessels,
inflammatory cells, and occasionally in fibroblasts. A signifi-
cant relationship between NK-1R mRNA levels and intensity,
frequency, and duration of pain in CP patients, but not with
the degree of tissue inflammation, was reported. Expression of
NK-IR in inflammatory cells and blood vessels also points to
cross talk between immunoreactive SP nerves and inflamma-
tory cells and blood vessels, and further supports the existence
of a neuroimmune interaction that probably influences the
pain syndrome and chronic inflammatory changes in CP.

Neuropeptides and cytokines

The exact mechanisms involved in the interaction between
inflammatory cells and nerves and ganglia—neuroimmune
cross talk—are not yet fully clarified. Different cytokines have
been shown to interact with SP in various paradigms for pain
and inflammation. Interleukin (IL) 1 and SP increase the pro-
liferation of a fibroblast cell line synergistically. SP directly
stimulates the release of IL-8 from macrophages. IL-8 release
generates hyperalgesia by stimulation of post-ganglionic sym-
pathetic neurones. A significant increase in IL-8 mRNA was
reported in CP tissue samples.” IL-8 was present mainly in
macrophages surrounding the enlarged pancreatic nerves, in
remaining acinar cells, and often in ductal cells. IL-8 mRNA
expression was positively correlated with the inflammatory
score and the presence of ductal metaplasia in CP tissue sam-
ples.

“The exact mechanisms involved in the interaction
between inflammatory cells and nerves and ganglia—
neuroimmune cross talk—are not yet fully clarified”

The proinflammatory cytokine IL-8 is a well known
a-chemokine involved in leucocyte recruitment and activa-
tion, and it is representative of a family of factors. The reported
findings in the literature on the interaction of SP and IL-8, in
combination with what was reported in CP. suggests that
increased mRNA expression of IL-8 in CP could in part be
mediated by SP released from sensory pancreatic nerves. This
speculation is supported by considering that a major source of
IL-8 is inflammatory cells present around enlarged nerves in
the inflammatory foci. Thus induction of IL-8 in immune cells
by SP might contribute to amplification of the inflammatory
process in CP. In addition, release of IL-8 from the remaining
exocrine pancreatic parenchyma suggests the fascinating
hypothesis of intrinsic maintenance of the inflammatory
response after the first damage to the pancreatic gland, thus
sustaining progression and evolution of the disease.

CONCLUSION

There are several hypotheses concerning pain pathophysiology
in CP. However, the mechanism for the generation and
continuation of chronic pain and inflammation in CP remains
somewhat unclear. Involvement of neuropeptides released
from enteric and afferent neurones, and their functional
interactions with inflammatory cells, may play a key role. The
selective increase in the density of tachykinin receptors in the
bowel of patients suffering from Crohn’s disease and
ulcerative colitis provides evidence that SP can be involved in

www.gutinl.com

Di Sebastiano, di Mola, Bockman, et al

painful chronic inflammatory disorders of the gastrointestinal
system.”* The most pathophysiologically important aspect is
the presence of close interrelations between peptidergic
neurones and inflammatory cells in CP. Furthermore, there is
the intriguing possibility of functional interaction among
neuropeptides, immune cells, cytokines, and nerve growth
factors. The possible importance of such a constellation in
sustaining pain and inflammation has been suggested.” " A
correlation between immunohistochemical data and pain has
been demonstrated in CP. Taken together, the present
information provides evidence for neuroimmune cross talk in
the pathogenesis of pain and inflammation in CP.

“Further studies are needed to clarify the interaction of
inflammatory cells and nerves in CP”

Further studies are needed to clarify the interaction of
inflammatory cells and nerves in CP. Simultaneously, efforts
should be directed towards developing a relevant experimen-
tal model of CP that mimics the human disease. If a clinically
relevant experimental CP model can be established, it will
allow further evaluation of the effects of SP receptor
antagonists on pain and inflammation in this disorder, in line
with similar attempts already performed in other experimen-
tal models of inflammatory disorders of the gastrointestinal
tract.”"

A Dbetter understanding of the complex cellular and
molecular mechanisms of neuroimmune interactions should
offer possibilities for innovative therapy and long term disease
prevention.
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