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LA P ANCREATITE CRONICA: PATOGENESI E
ASPETTI MOLECOLARI

La pancreatite cronica è caratterizzata da alterazioni
morfologiche e funzionali irreversibili a carico della
ghiandola pancreatica, che si presentano clinicamente con
dolore addominale alto così come negli stadi successivi co
l’insufficienza esocrina ed endocrina del pancreas.
Morfologicamente la pancreatite cronica è caratterizzata da
un ingrossamento della testa pancreatica, da calcificazioni del
parenchima, cisti e calcoli pancreatici. Il fattore eziologico
principale della pancreatite nei paesi occidentali
industrializzati, è l’abuso di alcool; altri fattori meno comuni
includono la pancreatite ereditaria, la pancreatite dovuta a
disturbi metabolici, la pancreatite da pancreas divisum o da
cisti della parete duodenale e la pancreatite idiopatica. Le
alterazioni molecolari che portano all’infiammazione cronica
del pancreas non sono completamente chiarite. Durante gli
ultimi anni la ricerca tuttavia ha dimostrato che un numero
di fattori di crescita e di loro recettori risultano iperespressi
in corso di pancreatite cronica, facendo ipotizzare un loro

Introduction

Chronic pancreatitis (CP) is an inflammatory disease of
the pancreas that leads to persistent, irreversible, and
progressive morphological and functional alterations of the
whole organ resulting in severe exocrine and endocrine
insufficiencies in its terminal state (1, 2, 3). Approximately
4/100,000 people are affected by this disease every year,
and a rising incidence has been observed over the past 20
years (4). Morphologically, chronic inflammation of the
pancreas is associated with pancreatic head enlargement,
calcifications of the parenchyma, cysts, necrosis and
pancreatic stones (5, 6). The continuous and irreversible
tissue destruction and subsequent remodeling causes
finally the two major clinical symptoms: upper abdominal
pain and maldigestion. 
The pathobiological mechanisms of pain in chronic
pancreatitis are still controversial: focal acute inflammation
of the pancreas, increased intraductal/intraparenchymal
pressure, extrapancreatic causes like common bile duct
stenosis or duodenal stenosis, and postprandial pancreatic
hyperstimulation due to decreased secretion capacity and
the insufficient functioning of negative feedback regulation
have been proposed to play a role in the generation of pain
in CP (7, 8). In addition, recent studies using modern
molecular biology techniques have led to the concept that
direct alterations of nerves and changes in neurotransmitters
might cause pain in patients with CP (9-13).
Maldigestion is the second leading clinical symptom in
CP that is caused by the loss of functioning exocrine
parenchyma. The mechanisms leading to the destruction
of the exocrine pancreas and the replacement of normal
pancreatic architecture by degenerating acinar cells,
proliferating ductal cells, and most prominently by fibrosis
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Abstract

Chronic pancreatitis (CP) is characterized by irreversible
morphological and functional alterations of the pancreas
presenting clinically with upper abdominal pain as well as
exocrine and endocrine insufficiencies. CP is morphologically
characterized by pancreatic head enlargement, calcifications
of the parenchyma, cysts, and pancreatic stones. The most
common etiological factor of CP in Western industrialized
countries is alcohol abuse; less common factors include
hereditary pancreatitis, CP due to metabolic disturbances,
CP due to pancreas divisum or duodenal wall cysts, and
idiopathic CP. The molecular alterations leading to the
chronic inflammatory process are nor completely understood.
Research during the last years, however, has elucidated that
a number of growth factors and their receptors are
overexpressed in CP, which is thought to contribute to the
high degree of pancreatic fibrosis and to the proliferative
potential of ductular cells in this disorder. In addition, gene
mutations have been detected in a subgroup of CP samples
underscoring the premaligant potential of CP. In this review
we will summarize our current knowledge about pathogenic
and molecular aspects of CP.
Key words: Chronic pancreatitis, growth factors, gene
mutations, CFTR, k-ras.



are not completely understood, and a number of
pathophysiological concepts were introduced in recent
decades (14, 15). 
The fast-developing field of molecular biology has enabled
researchers and clinicians to gain insight into the
histomorphological and pathophysiological changes in CP.
Bockman and coworkers reported in 1992 that transgenic
mice overexpressing transforming growth factor-α (TGF-α)
developed morphological pancreatic changes similar to
those found in CP in humans (16). For example, there was
a high degree of pancreatic fibrosis and dedifferentiation of
pancreatic acinar cells into tubular structures. These
findings provided the first evidence that growth factors and
growth factor receptors might play a role in the
morphological changes that occur in CP. In this review we
will summarize some of our current knowledge about the
pathogenesis and molecular aspects with special emphasis on
growth factors and their receptors in CP. 

Pathogenic concepts in CP

Chronic pancreatitis can be subdivided into different
etiologic groups: alcoholic chronic pancreatitis, which is
the most common form in Western industrialized
countries, will be discussed in detail in this review.
Tropical pancreatitis is prevalent in India and Indonesia,
effects both sexes equally, and is thought to be caused by
dietary factors. The exact pathogenesis of this clinical
entity, however, is not known (17, 18). Other forms of
CP include hereditary pancreatitis due to gene mutations
(e.g. the cystic fibrosis gene), CP due to metabolic
disturbances such as hypercalcemia or hyperlipo-
proteinemia, CP due to pancreas divisum or duodenal wall
cysts, and idiopathic CP in whom all known causes of
CP have been excluded.
Alcoholic CP is by far the most prevalent form of CP in
Western industrialized countries. Estimates of the
prevalence of alcohol-induced CP range from 38% to
94% in this population (4). The most favored
pathophysiologic concept suggests that alcohol
overconsumption results in reduced secretion of
lithostatin, a protein which inhibits the formation of
protein plugs by keeping the pancreatic juice soluble. It
is hypothesized that protein plugs are formed in CP
leading to obstruction of the pancreatic ductal system and

subsequently to the induction of a chronic inflammatory
process in the pancreas (19). Other proposed mechanisms
include recurrent attacks of acute pancreatitis with
subsequent necrosis, periductular fibrosis, ductal
obstruction and continuous fibrosis (20). In addition, the
direct toxic effects of alcohol and its metabolites on
pancreatic acinar and ductal cells were hypothezised to be
involved in the pathophysiology of CP (15). Furthermore,
direct damage of the pancreatic parenchyma by increased
levels of free radicals caused by reduced hepatic
detoxification has been suggested as an important cause
of pancreatic injury in CP (21). However, none of these
concepts can explain the morphological, functional and
clinical picture of chronic pancreatitis completely (15).
Therefore, additional mechanisms must be involved in the
pathogenesis of chronic pancreatitis, such as inflammatory
destruction of the healthy tissue, which causes pain and
exocrine/endocrine failure. Supporting the later
hypothesis, it has been shown that there is a relationship
between inflammatory cell infiltration, pain, and changes
in and around pancreatic nerves (12). Thus, expression of
the growth-associated protein 43, a marker of neuronal
plasticity, is significantly increased in pancreatic nerve
fibers and neurons in CP, and its expression correlates with
pain. In addition, infiltration of pancreatic nerves by
immune cells also correlates with pain intensity (12).
Exocrine and endocrine pancreatic destruction and
fibrotic replacement seems to be additionally influenced
by activated cytotoxic lymphocytes and by activation of
non-pancreatic proteolytic systems (13, 22). Thus,
perforin, a specific marker for activated cytotoxic cells, is
significantly elevated in the pancreas of patients with CP,
suggesting an involvement of cell-mediated cytotoxicity in
the pathogenesis of this disorder (13). In addition,
molecular research over the past decades has identified a
number of alterations, which have the potential to
contribute to the pathogenesis of CP.

The Epidermal Growth Factor (EGF) family of
Receptors and Ligands

The EGF receptor, also known as human EGF receptor I
(HER-1), is the prototype of a family of transmembrane
tyrosine-kinase receptors (23-25). This family also includes
c-erbB-2 (HER-2) (26, 27), c-erbB-3 (HER-3) (28), and c-
erbB-4 (HER-4) (29). The EGF receptors are activated by
binding of specific ligands to the extracellular domain of the
receptors. Upon ligand binding, the EGF receptors form
hetero- and/or homodimers, which subsequently leads to
auto- and/or transphosphorylation of the receptors, and
activation of intracellular signaling cascades such as the ras-
raf-MAP kinase or the PI-3 kinase pathways (23-25). Several
ligands have been identified during the past decades, which
bind and activate EGF receptors. These ligands include
EGF, transforming gro wth factor-α (TGF-α),
amphiregulin, betacellulin and heparin-binding EGF,
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contributo nello sviluppo dell’alto grado di fibrosi pancreatica
e dei processi proliferativi a carico delle cellule duttali.
Ancora, mutazioni genetiche sono state dimostrate in un
sottogruppo di campioni di pancreatite cronica, sottolineando
la potenziale premalignita’ di queste lesioni. In questa review
viene fatto il punto dell’attuale conoscenza degli aspetti
patogenetici  e molecolare della pancreatite cronica.
Parole chiave: Pancreatite cronica, fattori di crescita,
mutazioni genetiche CTFR, K-ras.



cripto, epiregulin, and the neuregulin family of ligands (30-
34). These polypeptides are generated by proteolytic
cleavage of the extracellular domains of precursor molecules
that possess a hydrophobic transmembrane domain and an
intracellular domain. 
The exact physiological and pathophysiological role of the
EGF system of receptors and ligands in the human
pancreas is not completely understood. However, using
Northern blot analysis, it could be shown that expression
of the EGF receptor, EGF, and TGF-α mRNA is present
at low levels in the normal pancreas (35-37). In situ
hybridization localized EGF receptor, EGF, and TGF-α
mRNA transcription in acinar and ductal cells in the
normal pancreas. TGF-α mRNA in situ hybridization
signals were present at relatively high levels in the normal
pancreas. All three mRNA moieties preferentially localized
at the apical portion of ductal cells. In contrast, in acinar
cells, in situ hybridization signals of the three mRNA
moieties were present in the basal portion (35-37). In
tissue samples obtained from patients with CP, expression
of EGF receptor, EGF and TGF-α was increased. In
contrast, amylase mRNA expression, which served as a
control, was considerably lower in comparison with the
normal pancreas (37). Overall, 70% and 74% of the CP
samples exhibited increased EGF-receptor and TGF-α
expression, respectively. In situ hybridization analysis also
demonstrated an increase in EGF receptor, EGF and
TGF-α mRNA expression in both the remaining acinar
cells and ductal cells in the CP samples. Quantitative
video image analysis of the in situ hybridization data
revealed that there was a 23-fold and 4-fold increase of
EGF receptor and TGF-α mRNA levels, respectively, in
the CP tissues in comparison with the normal pancreas
(37). Interestingly, EGF receptor and TGF-α in situ
hybridization signals were localized in exocrine pancreatic
cells, but not in stromal cells or in the fibroblasts.
c-erbB-2 mRNA expression is low in the normal pancreas
(38,39). In contrast, some of the CP samples exhibited
markedly increased c-erbB-2 mRNA expression, whereas
others expressed levels comparable to those of the normal
controls. Analysis of the clinical data of the CP patients
revealed that patients with pancreatic head enlargement
had increased c-erbB-2 mRNA levels, whereas patients
without pancreatic head enlargement did not exhibit
enhanced c-erbB-2 mRNA expression (38). Interestingly,
linear regression analysis of c-erbB-2 mRNA expression
levels with the vertical pancreatic head diameter showed
a significant positive relationship. When expression
analysis of the EGF receptor was performed in the same
CP samples, only 54% of the CP samples with pancreatic
head enlargement exhibited enhanced expression of the
EGF receptor (38). In addition, 42% of the CP patients
with no enlargement of the vertical pancreatic head
diameter showed marked overexpression of the EGF
receptor. These results imply an important role of c-erbB-
2 in the pathological entity of CP with pancreatic head
enlargement. In situ hybridization and immuno-

histochemistry in the normal pancreas and in CP samples
without pancreatic head enlargement demonstrated c-
erbB-2 mRNA expression in acinar and ductal cells (40).
In contrast, patients with pancreatic head enlargement
expressed consistently higher levels of c-erbB-2 in the
remaining pancreatic acinar and ductal cells. Southern blot
analysis revealed that overexpression of c-erbB-2 was not
caused by gene amplification, as has been reported in
many mammary cancers (38).
c-erbB-3, the third member of the EGF receptor family,
was present at relatively low levels in the normal pancreas
by Northen blot analysis. In contrast, 24% of the CP
samples exhibited enhanced c-erbB-3 mRNA levels. By
immunohistochemistry, c-erbB-3 expression was found
only in a few ductal cells in the normal pancreas (40).
Centroacinar cells and most ductal cells in the intralobular
and interlobular ducts showed faint to moderate c-erbB-
3 immunostaining. In CP samples, faint to moderate c-
erbB-3 immunoreactivity is present in the remaining
acinar and ductal cells, and regions with pseudoductal
metaplasia exhibited moderate to intense c-erbB-3
immunostaining, whereas in fibrotic tissues no
immunostaining for c-erbB-3 was detectable (40).
Cripto is also a member of the EGF family of ligands
(41). In contrast to EGF and TGF-alpha, cripto does not
bind to the EGF receptor and at present its high affinity
receptor and exact function is not known. Functional
studies with teratocarcinoma cell lines suggested that
cripto expression is associated with de-differentiation (41).
Northern blot analysis revealed an increase of the cripto
mRNA levels in the CP samples in comparison with
normal controls that was not caused by gene amplification
or gene rearrangement (42). In the normal pancreas,
cripto immunostaining was present in ductal cells and
only faintly in a few acinar cells. In contrast, in CP tissues,
the intensity of cripto immunostaining was closely related
to the histomorphological damage of the exocrine
pancreatic parenchyma. Thus, areas with minor
histomorphological damage exhibited cripto immuno-
staining comparable to that of normal controls, but
atrophic acinar cells and ductal cells in regions with ductal
metaplasia exhibited intense cripto immunoreactivity (42).

The Fibroblast Growth Factor (FGF) family of Receptors
and Ligands

Acidic FGF (FGF-1) and basic FGF (FGF-2) belong to
a family of polypeptide growth factors, which influence
various biological functions such as cell differentiation, cell
migration, and angiogenesis (43-49). Both growth factors
also exert chemotactic effects on fibroblasts and stimulate
collagen production (43, 48, 50). The fibroblast growth
factor gene family currently includes 14 members (51),
which display between 30% and 70% amino acid
homology. The prototypes of this family FGF-1 and FGF-
2 are found in abundance in the extracellular matrix in
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various organs, which seems to serve as a reservoir for
FGFs. It is hypothesized that through this mechanism,
FGFs can quickly be mobilized in response to
requirements such as cell migration, wound healing and
angiogenesis. As other growth factors, fibroblast growth
factors transmit their messages via binding to specific
transmembrane tyrosine-kinase receptors. Four FGF
receptors (FGFRs) have been identified: FGFR-1 (flg-1),
FGFR-2 (bek), FGFR-3 (cek-2), and FGFR-4 (flg-2).
FGFRs consist of two or three immunoglobulin (Ig)-like
regions in the extracellular domain, a shor t
transmembraneous region and an intracellular domain
with tyrosine kinase activity, which is separated into two
regions. A number of receptor isoforms are generated
through different mRNA splicing (43, 45, 47, 52, 53).
FGF-1, FGF-2, FGF-5, and FGF-7 and the four high-
affinity FGF receptors are present in the normal human
pancreas (54-59). Only faint FGF-1 and FGF-2
immunoreactivity was found in the cytoplasm of acinar
and ductal cells in the normal pancreas. However, FGF-
1 was present preferentially in ductal cells, whereas FGF-
2 was more frequently found in acinar cells (56, 57). In
addition, FGF-5 was present in ductal and islet cells as
well as in fibroblasts in the normal pancreas (58). FGF-
7 expression was observed in acinar and ductal cells in
these tissues (59). In contrast, in CP samples, there was
an increase of FGF-1, FGF-2, and FGF-5 mRNA
expression in comparison to the normal pancreas. In situ
hybridization analysis localized FGF-1 and FGF-2 mRNA
expression in acinar and ductal cells, especially when these
cells were located in areas with atrophic changes. In
regions of CP samples exhibiting less damage of the
parenchyma, the intensity and the frequency of FGF-1
and FGF-2 mRNA expression were only slightly above
those of normal controls. Furthermore, in the surrounding
stroma and in the fibrotic regions, expression of both
mRNA moieties was slightly elevated (57). In contrast,
FGF-5 mRNA was predominantly localized in the
periductal fibroblasts and endocrine islet cells, as well as
in the atrophic acinar and ductal cells (58).
Immunohistochemical analysis revealed FGF-1 and FGF-
2 immunoreactivity in the normal pancreas only in some
acinar cells and ductal cells of small ductules or larger
interlobular ducts. In contrast, in the CP tissue samples,
FGF-1 and FGF-2 immunoreactivity was intense in
degenerating acinar and ductal cells, and in areas
exhibiting pseudoductular metaplasia. Areas of CP tissues
with minor damage showed immunostaining in acinar and
ductal cells that was only slightly increased compared to
normal controls (57).

The Transforming Growth Factor-β (TGF-β) family of
Receptors and Ligands

Transforming growth factor betas (T GF-ßs) and their
homologues form another important family of growth

factors. TGF-ß superfamily members are multifunctional
polypeptide growth factors, which influence growth,
angiogenesis, and extracellular matrix composition (60).
TGF-ßs are excreted as inactive molecules, which have to
be activated before binding to specific cell surface
receptors. In mammalian cells three TGF-β isoforms have
been identified: TGF-ß1, TGF-ß2 and TGF-ß3 (61-64).
TGF-ßs have been demonstrated to be potent inhibitors
of growth in many cell types, including epithelial,
endothelial, neuronal, hemopoetic and lymphoid cells (60,
64). In addition, TGF-ßs stimulate the expression of
extracellular matrix-forming proteins and of several
proteases which degrade extracellular matrix proteins,
thereby controlling wound healing, cellular adhesion and
extracellular matrix deposition (60, 64-66). 
TGF-ß signaling occurs via specific cell surface receptors
with serine-threonine-kinase activity. Two major TGF-ß
signaling receptors have been characterized (60, 67-69).
The type II TGF-β receptor (TβRII)  binds TGF-βs in
the absence of the type I TGF-β receptor (TβRI). Upon
ligand binding TbRII forms a heteromeric complex with
TβRI, which cannot bind ligand in the absence of the
TβRII (60). Following heterodimerization of type I and
type II TGF-β receptors, which most likely consists of
two type I and type II receptors, activated TβRII then
trans-phosphorylates the glycine and serine (GS) rich
domain of the type I receptor kinase, thereby activating
TβRI (60). Activated TβRI then transiently associates
with Smad2 and/or Smad3. These proteins belong to a
recently discovered family of intracellular signalling
molecules (60). Phosphorylated Smad2 and/or Smad3
then form separately heteromeric complexes with Smad4,
the common mediator of the TGFβ superfamily signalling
pathway. These complexes then translocate to the nucleus
where they can act as transcriptional activators (60). 
In the normal human pancreas, low levels of TGF-ß1,
TGF-ß2 and TGF-ß3 mRNA are present. In situ
hybridization localized TGF-ß1, TGF-ß2 and TGF-ß3
mRNA expression in islet cells, acinar cells, and ductules,
but rarely in larger ducts in the normal pancreas. In
addition, TßR-I and TßR-II mRNA expression were
present in a few acinar and ductal cells within the normal
pancreas. Immunostaining for TGF-ß1, TGF-ß2, TGF-
ß3, TßR-I and TßR-II demonstrated a distribution
pattern similar to that observed by in situ hybridization.
Analysis of CP samples indicated strong immunostaining
in the majority of ductal cells for TGF-ß1. TGF-ß1
immunoreactivity was also present in mononuclear cells
and some fibroblasts in areas with inflammation and
fibrosis (70, 71). Remnant islet cells showed diffuse TGF-
ß1 immunoreactivity in chronic pancreatitis tissues in a
pattern similar to that seen in the normal pancreatic
samples. In addition, CP tissues also markedly overexpress
TβRI, TβRII, and connectiv e tissue growth factor
(CTGF), which has been implicated in fibrotic processes,
and which is regulated by TGF-β. Using in situ
hybridization, TβRI and TβRII are found to be located
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in ductal cells and atrophic acinar cells in CP, whereas
CTGF mRNA expression is observed in degenerating
acinar cells and fibroblasts sourounding these areas (72).
The importance of TGF-ß signaling in the formation of
fibrosis is underlined by experiments in transgenic mice
overexpressing TGF-ß1 in the pancreas (73). These
animals exhibit an increase in extracellular matrix content
in the pancreas, which is histologically identical to chronic
pancreatitis in humans. Therefore, upregulation of TGF-
ßs in the human pancreas might influence fibrogenesis
and contribute indirectly to the ongoing destruction of
the exocrine and endocrine parenchyma.

Gene Mutations in CP

Since pancreatic lesions of cystic fibrosis resemble those
of chronic pancreatitis patients, it has been hypothesized
that mutations of the cystic fibrosis transmembrane
conductance regulator (CFTR) gene may also be involved
in the pathogenesis of CP. It could be demonstrated that
CFTR mutation occur in 13.4 percent of CP patients as
compared to 5.3 percent among unrelated partners of
persons with a family history of cystic fibrosis, suggesting
that mutations of the CFTR gene are associated with a
subgroup of CP (74). 
Mutations of the K-ras gene are very common in
pancreatic cancer. Therefore considerable effort has been
made to clarify the role of these mutations in CP, since
the risk of pancreatic cancer is significantly elevated in
subjects with CP (75). Most studies have concluded that
K-ras mutations are rare events in chronic pancreatitis,
suggesting that they either do not occur in CP at all, or
that the time span between the occurrence of K-ras
mutations and malignant transformation is rather short
(75-78). However, other groups have reported that K-ras
mutations occur in a subgroup of CP patients with ductal
hyperplasia with a frequency of up to 18% (79). It seems
that -summarizing all reports regarding K-ras mutations
in CP- this alteration is absent in the vast majority of CP
and its presence most likely represent early pancreatic
cancer and misdiagnosis of CP.

Conclusions

Enhanced expression of a variety of growth factors and
growth factor receptors are present in the majority of CP
samples. These factors are most likely produced by the
remaining pancreatic acinar and ductal cells, and thus
might directly influence the morphological changes that
occur in CP. Interestingly, overexpression of a variety of
growth factors and their receptors has also been reported
for pancreatic cancer suggesting that molecular alterations
in CP might act as precancerous factors under certain
circumstances. Supporting this hypothesis, there is clinical
evidence that patients with CP have a significantly higher

risk of developing pancreatic cancer (78). However, most
studies have characterized molecular changes in advanced
stages of CP, when surgical resection is required. It is
presently not possible to determine whether upregulation
of growth factors and their receptors is an early or late
event in the development of CP in humans, because
patients with early stages of CP do not require surgery
and therefore no pancreatic tissue is available for analysis.
Future concepts of CP have to consider alteration of
growth factors and their receptors as well as other
molecular perturbations as important aspects in the
pathophysiological process of CP which might influence
the morphological and clinical course of this disease.
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