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Introduction 

Chronic pancreatitis is a progressive inflammatory 
disorder characterized by loss of functional 
pancreatic tissue, fibrous tissue conversion and 
ultimately loss of endocrine and exocrine function. 
However, although morphologic and clinical 
features have been well described, the 
pathogenesis of chronic pancreatitis is 
incompletely understood. There is no single 
etiology that inevitably leads to chronic 
pancreatitis and it is rather considered as a 
complex disease with several contributing factors 
(40, 74). Currently development of chronic 
pancreatitis is considered to be the result of a 
pathology involving pancreatic acinar, ductal and 
stellate cells. Our current understanding of the 
pathogenesis arises from experimental animal 
models as well as epidemiological and genetic 
studies in humans. Therefore this section will 
address both pathophysiological mechanisms, 
including results from established animal models, 
and known genetic and etiological factors that are 
associated with chronic pancreatitis. 
 

1. Pancreatic Cells and cellular 
components that promote fibrosis 

From a histological point of view the pancreas 
consists of three critical cell lineages: acinar, 
ductal and endocrine. In addition terminal end 

ductal cells that interface with acini are called 
centroacinar cells (49). Adjacent to the basolateral 
part of acinar cells and to a minor extent around 
small pancreatic ducts and blood vessels are 
pancreatic stellate cells, that compromise around 
4-7% of all parenchymal cells (3, 5).   
 
Each cell type that is found in the pancreas – 
either acinar or ductal or stellate cells - is 
suspected to contribute to chronic pancreatitis. In 
addition the extra-pancreatic environment 
including inflammatory cells contributes to the 
progress of both acute and chronic inflammatory 
pancreatic diseases.  
 
There is much evidence that pancreatic proteases 
and their premature intracellular activation are 
responsible for the pathogenesis of acute 
pancreatitis. Therefore these enzymes also might 
be of interest for chronic pancreatitis, not least 
because findings of genetic studies in humans 
underline their critical role. Six major genes have 
been identified that target either acinar cells 
through a trypsin-dependent pathway (PRSS1, 
PRSS2, CTRC, CASR, SPINK) or duct cells 
(CFTR). Below, these cellular constituents will be 
introduced more comprehensively. Both (extra-) 
pancreatic cell types and frequently cited genes 
and their aberrations are summed up in Figure 1. 
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Figure 1: Elements for the pathogenesis of chronic pancreatitis. Components for the pathogenesis involve 
acinar, ductal and pro-fibrotic cells. In addition an invasion of immune cells occurs. Some very frequently cited 
proteins and their genomic aberrations are listed here. 
 
2. Acinar cells 

Cationic and anionic trypsinogen 
(PRSS1/PRSS2) 
The smallest functional units of the exocrine 
pancreas are acinar cells whose primary function 
is the synthesis, storage and secretion of 
digestive enzymes (zymogens). One of them is 
trypsin, a serine proteinase that is stored as its 
inactive precursor, trypsinogen, in zymogen 
granules. Under physiologic conditions these 
enzymes remain inactive during intra-cellular 
transport, secretion and passage through the 
pancreatic duct until they reach the duodenum 
where trypsinogen is activated by the brush 
border enzyme enterokinase. This activation 
leads to a cascade-like activation of other 

pancreatic protease precursors (25). There are 
three isoforms of trypsinogen in the human 
pancreas and on the basis of their electric charge 
these are cationic trypsinogen (PRSS1), anionic 
trypsinogen (PRSS2) and mesotrypsinogen 
(PRSS3). Cationic and anionic trypsinogen 
represent the overwhelming part of the whole 
trypsinogen content whereas mesotrypsinogen 
only makes up of about 5% (57, 74).  
 
From acute pancreatitis we already know that one 
of the key events is the intracellular and 
premature activation of pancreatic digestive 
enzymes that ultimately leads to organ injury and 
autolysis (12). Trypsinogen plays a pivotal role in 
the beginning of acute pancreatitis as it further 
activates other zymogens intracellularly such as 
chymotrypsin, elastase, carboxypeptidase A2 or 
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phospholipase (28, 35, 37). Since enterokinase is 
absent inside the pancreas other activators for 
trypsinogen must exist. According to the co-
localization hypothesis this activation occurs by 
the lysosomal protease cathepsin B: lysosomal 
hydrolases and digestive zymogens co-localize 
during experimental pancreatitis with 
accumulation of cathepsin B to a zymogen 
enriched subcellular fraction (55, 72), furthermore 
in-vitro experiments showed that cathepsin B 
directly activates trypsinogen by proteolytic 
cleavage (21) and deficiency of cathepsin B 
markedly reduced trypsinogen activation in a 
mouse model (26). 
 
There is much evidence coming from genetic 
studies in humans that trypsinogen is an 
important pathogenetic factor for chronic 
pancreatitis as well. In 1996 Whitcomb and co-
workers identified a gain-of-function mutation of 
the cationic trypsinogen (p.R122H) gene in 
patients with hereditary pancreatitis rendering to 
an inappropriate trypsin activation due to a higher 
resistance to hydrolysis of this mutated form of 
trypsin (76). A second mutation of the cationic 
trypsinogen was found in the same exon (p.N29I) 
in patients with recurrent acute and chronic 
pancreatitis just one year later (24). Meanwhile 
other PRSS1 mutations have been identified in 
association with hereditary pancreatitis (20, 63, 
69, 82). A complete loss-of-function mutation was 
found by Witt et al. in the anionic trypsinogen 
gene (PRSS2) that was significantly 
underrepresented in patients with chronic 
pancreatitis compared to healthy control subjects 
(G191R in exon 4) (85). These results indicate 
that first not only PRSS1 mutations are 
associated with idiopathic or hereditary chronic 
pancreatitis and secondly inactivating mutations 
of trypsinogen can modify the susceptibility to 
chronic pancreatitis as well.  
 
Taken together these observations support the 
critical role of the protease/antiprotease system, 
in particular trypsin, in the pathogenesis of 
pancreatitis. However, it should be mentioned that 
less than 60% of patients with hereditary chronic 

pancreatitis and less than 20% of patients with 
idiopathic chronic pancreatitis harbour mutations 
in the PRSS1 gene so that an inappropriate 
trypsinogen cannot be the only causative factor 
for chronic pancreatitis (14, 15, 47). 
 
In an attempt to mimic the role of trypsinogen in-
vivo, deduced from the observations in human 
genetics, mouse strains carrying overexpressed 
forms of mutated trypsinogen (R122H and N29I) 
as well as wildtype human PRSS1 were created 
(4). All three strains not only developed more 
severe acute pancreatitis upon caerulein 
treatment but also spontaneously displayed 
characteristics of chronic pancreatitis including 
vacuolization, inflammatory infiltrates and fibrosis, 
as it was expected from human genetics data. 
Interestingly phenotype between the transgenic 
strains didn’t differ significantly. One underlying 
reason might be that human trypsinogen has a 
higher propensity for auto-activation compared to 
trypsinogens from other species (30). 
 
Recent experimental animal models questioned 
the detrimental effects of trypsinogen in chronic 
pancreatitis. Mice lacking trypsinogen 7 (T-/-) 
didn’t show pathologic intracellular trypsinogen 
activation during caerulein-induced acute 
pancreatitis but surprisingly still developed chronic 
pancreatitis showing indistinguishable histo-
morphologic features like wildtypes. Previous 
works indicated that a genetic deletion of 
trypsinogen isoform 7 in mice led to a 60% 
reduction of pancreatic trypsinogen content (16). 
Similar to these observations cathepsin B 
deficient mice - that fail to activate trypsinogen by 
limited proteolysis - developed chronic 
pancreatitis (54). Both knockout and wildtype 
mice showed comparable intracellular 
transcriptional activation as demonstrated by 
activation of nuclear factor (NF)-κB and similar 
COX-2 overexpression. Both COX-2 and NF-κB 
are key mediators for chronic inflammation (53). 
More studies and most probably the application of 
alternative mouse models will be necessary to 
further question the trypsin-centered theory of 
chronic pancreatitis. 
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Interactions between genetic and environmental 
factors in patients with recurrent acute and 
chronic pancreatitis have recently been 
investigated in the North American Pancreatitis 
Study 2 (NAPS2) using genome-wide association 
studies (GWAS) (78). A single nucleotide 
polymorphism (SNP) was detected in the PRSS1-
PRSS2 locus in the 5'-promoter region of PRSS1 
and might affect expression of the trypsinogen 
gene. Another SNP was found at the CLDN2 
locus. CLDN2 encodes Claudin-2, a tight junction 
protein physiologically expressed between duct 
cells and endocrine islets but also found in an 
atypical localization along the basolateral 
membrane of acinar cells in chronic pancreatitis 
(77). The findings of the PRSS1-PRSS2 and 
CLDN2 variants were replicated in a large 
European cohort with alcoholic and non-alcoholic 
chronic pancreatitis and a strong association was 
found in subjects with alcohol pancreatitis (17). 
When compared to patients with alcoholic liver 
cirrhosis there was no significant association 
suggesting that these variants are not 
susceptibility factors for alcoholism per se or for 
fibrosing disorders associated with alcohol abuse 
in general. More studies will be necessary for 
complete understanding the underlying cellular 
events. 
 
Serine protease inhibitor Kazal type 1 
(SPINK1) 
As trace amounts of trypsinogen normally get 
activated within the pancreas there are protective 
mechanisms that prevent the digestive enzyme 
activation cascade (75). One of them is the serine 
protease inhibitor Kazal type 1 SPINK1 
(synonyme: pancreatic secretory trypsin inhibitor, 
PSTI) (OMIM 167790), which acts as an 
intracellular inhibitor for intrapancreatic active 
trypsin (81). SPINK1 is synthesized inside the 
acinar cells and stored in zymogen granules, the 
same compartment as tryspinogen. It is also 
secreted into the pancreatic juice where it protects 
from trypsinogen activation inside the pancreatic 
ducts and besides its physiological function in the 
pancreas it presumably has additional functions 

because this protein is also detected in sera and 
various malignant tissues (29). The active site of 
SPINK1 binds covalently to the catalytic serine 
residue of trypsin and is considered to inhibit 
approximately 20% of total trypsin activity inside 
the acinar cell (46). 
 
Because SPINK1 keeps a balance of active and 
inhibited trypsin inside the pancreas its 
inactivation is considered to be an important 
factor for the development of inflammatory 
pancreatic disorders, including chronic 
pancreatitis. In accordance with its biological role 
there are several studies describing the 
association of mutations of the SPINK1 gene and 
pancreatitis. The most commonly observed 
mutation leads to an exchange of asparagine to 
serine of codon 34 (p.N34S) and was observed in 
idiopathic and hereditary chronic pancreatitis as 
well as in alcoholic chronic and tropical 
pancreatitis (10, 83, 84). However, it is worth 
mentioning that the incidence of this mutation is 
around 0.5-2.5% in the common population 
indicating that it cannot be the only causative 
factor for chronic pancreatitis and probably it 
rather acts as a disease modifier (46, 58). Novel 
polymorphisms were identified in patients with 
chronic pancreatitis such as the D50E mutation 
and a variety of intronic polymorphisms but their 
frequency is extremely low and some were found 
in single patients (47). 
 
Functional analysis of N34S recombinant SPINK1 
did not show any reduced trypsin inhibitor 
capacity in-vitro so that the exact 
pathophysiologic action of this mutation has not 
been clarified so far. Maybe the impaired function 
of SPINK1 is based on an intronic mutation rather 
than the N34S itself as N34S is usually 
associated with intronic sequence variants (33, 
81, 84). Further research on the exact function of 
SPINK1 exonic and intronic mutations is 
inevitable to gain deeper knowledge on its 
pathophysiologic role in chronic pancreatitis. 
 
Chymotrypsin C (CTRC) 
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Chymotrypsin C appeared to be identical to 
Rinderknecht’s enzyme Y that he initially found in 
the pancreatic juice (50) and has seemingly 
ambivalent functions on trypsinogen. The 
prevailing Ca2+ concentration regulates the 
balance between activation and degradation of 
cationic trypsinogen. At high calcium 
concentrations it facilitates autoactivation by 
limited proteolysis of the trypsinogen activation 
peptide (TAP) (43, 65). On the other hand, in a 
milieu with low Ca2+ concentration it selectively 
cleaves a peptide bond in the calcium-binding 
loop of trypsinogen, which results in its 
degradation (67). Since higher calcium 
concentrations (>1 mM) arise in the upper small 
intestine trypsinogen is activated more easily as it 
is also designated for digestion of proteins. In the 
lower small intestine along with falling Ca2+ levels 
trypsinogen degradation is predominating (67). 
Intracellular calcium signaling is important for 
acinar cell physiology and regulates secretion of 
enzymes, too. In pathologic condition a release of 
Ca2+ from intracellular stores into the cytosol, 
especially in the apical cell pole and for a 
prolonged time (>100 sec), is considered to 
account for premature intracellular protease 
activation (32, 71). 
 
Mutations of the cationic trypsinogen gene 
interfere with the cleaving effects of CTRC that 
could be shown in in-vitro studies (23, 41, 66). 
Absence of chymotrypsin C increased the 
autoactivation of R122H mutated trypsinogen only 
slightly whereas addition of CTRC drastically 
increased activation leading to high trypsin levels 
(23). In contrast to the human situation the R122H 
mutation did not have a relevant effect on 
autoactivation of T8 trypsinogen by CTRC in mice 
(42). Again introduction of known human 
mutations into mouse trypsinogen isoforms can 
have different effects than in humans. Therefore 
mutagenesis techniques might have limitations 
when investigating chronic pancreatitis in animal 
models.  
 
Several genetic variations have been found in the 
chymotrypsin C gene and were associated to 

chronic pancreatitis. Variants of the CTRC gene 
are detected in 3.3% of individuals with idiopathic 
or hereditary chronic pancreatitis. The most 
frequent variants were the c.760C>T (p.R254W) 
mutation and a deletion on exon 7 
(p.K247_R254del) (52). These CTRC variants 
were associated with a reduced enzymatic activity 
and were secreted to a lesser extent and thus are 
considered to be loss-of-function mutations. In a 
Chinese population additional CTRC variations 
were detected in chronic pancreatitis patients, 
however the overall frequency was 2.3% and thus 
much lower than in the German study (11). Taken 
together these data support the importance of the 
protease/antiprotease system for pathogenesis of 
chronic pancreatitis as shown above for 
cationic/anionic trypsinogen and SPINK1. In this 
context CTRC variants may represent an extra 
risk factor. 
 
Calcium-sensing Receptor (CASR) 
Besides digestive proteases millimolar quantities 
of calcium ions are secreted from the zymogen 
granules that, when precipitated, cause 
intraductal pancreatic stones. The Ca2+ sensing 
receptor (CASR) is capable of monitoring 
changes of extracellular calcium concentrations. 
Besides its expression in the parathyroid gland, 
kidney and small intestine this molecule was 
found on the luminal side of ductal cells and more 
diffusely distributed inside acinar cells (8). 
Functional studies showed that CASR regulates 
hydrogen carbonate (HCO3

-) efflux into the ducts 
and thus ensuring a milieu with sufficient fluid 
secretion to prevent calcium stone precipitation.  
 
Mutations in the CASR gene have been 
associated with chronic pancreatitis. Recent 
studies reported that CASR gene mutations in 
combination of SPINK1 N34S mutation increased 
the risk of chronic pancreatitis (19, 74). 
Furthermore the CASR exon 7 polymorphism 
R990G was associated with chronic pancreatitis 
and this association was stronger in individuals 
who reported moderate or heavy alcohol 
consumption (39). Presumably subjects with 
considerable alcohol abuse represent a risk group 
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in which the addition of another risk factor (CASR 
mutation) enhances the overall risk for 
development of chronic pancreatitis (39). 
 
 
 
 
 
3. Ductal cells 

Cystic Fibrosis Transmembrane 
Conductance Regulator (CFTR) 
The cystic fibrosis transmembrane conductance 
regulator (CFTR) gene encodes for an ABC 
(acronym for ATP-binding cassette) transporter 
protein that is expressed on epithelial cells and 
thus also on pancreatic ductal epithelium. It 
functions as a Cl- selective channel and permits 
chloride-anions and water to enter the ductal 
lumen which finally allows highly concentrated 
pancreatic secretory proteins (including 
trypsinogen) secreted by the acinar cells to 
remain in a soluble state (70, 79). Cystic fibrosis 
is quite common in people of Northern European 
descent, affects approximately one in 2500 births 
among whites and is characterized by a 
heterogenous clinical course. The exocrine 
pancreas is invariably affected in cystic fibrosis 
with signs of chronic pancreatitis and exocrine 
insufficiency (34). In 1989 the CFTR gene was 
found to be located at chromosome 7 (7q31) (51). 
More than 1000 different mutations have been 
reported in cystic fibrosis patients. The most 
common aberration is a deletion found at position 
508 (p.F508del) which results in a deletion of 
phenylalanine (73). In 1998 an association of 
CFTR mutations and chronic pancreatitis was 
discovered in patients with idiopathic chronic 
pancreatitis and alcoholic chronic pancreatitis (13, 
61). In a comprehensive genetic analysis of the 
CFTR gene including all 27 exons including the 
flanking intronic regions abnormal CFTR alleles 
were found to be twice as frequent in patients with 
idiopathic chronic pancreatitis than in healthy 
controls (18.6% vs. 9.2%, p < 0.05) (73). 
 
Recent functional studies underlined the role of 

CFTR in pancreatitis as high levels of alcohol 
consumption impair the function of CFTR in 
pancreatic duct cells, thereby disturbing exocrine 
pancreatic secretion and sensitizing the organ to 
pathological stimuli (38). 
 
Pancreatic stellate cells (PSCs) 
Although not activated in an un-injured pancreas, 
stellate cells fulfill important functions for tissue 
architecture as they control synthesis and 
degradation of extracellular matrix (2). In 
particular tissue homeostasis results from 
secretion of matrix metalloproteinases (MMP) and 
their inhibitors (tissue inhibitors of matrix 
metalloproteinases, TIMPs) (48), secondly by 
phagocytosis of necrotic acinar cells (62). During 
pancreatic injury stellate cells are activated and 
secrete a high amount of extracellular matrix 
proteins (2). These ECM proteins consist of 
collagens, fibronectin and laminin; furthermore 
there is an increase of matrix metalloproteinase 2 
(MMP2) production. In addition activated PSCs 
show an increased capacity of cell proliferation 
and migration. Several activators of PSCs have 
been identified, including a variety of chemokines, 
alcohol and its metabolites, fatty acid ethyl esters 
oxidative stress or endotoxins (3).  
 
4. Theories of pathogenesis of 
chronic pancreatitis 

In the past decades multiple theories have 
emerged that tried to explain the pathogenesis of 
chronic pancreatitis. Some well-known concepts 
will be outlined briefly in the following. In a review 
worth reading by Stevens et al. the traditional and 
more recent theories are described in more detail 
including arguments for and against these 
hypotheses (64).  
 
Oxidative Stress Theory: Chronic exposure to 
oxidative stress leads to fibrosis. Due to an 
aberrant function of hepatic mixed-function 
oxidases byproducts of hepatic detoxification such 
as lipid peroxidation products, free radicals and 
other toxic compounds are excreted in the bile 
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and reach the pancreas through reflux in the 
pancreatic duct (7). Reactive oxygen species 
further damage cellular membranes, intracellular 
proteins and DNA. Ethanol is a well-known 
inducer of oxidative stress and one of the 
mediators is cytochrome P450 2E1 (CYP2E1). 
Thereby ethanol serves both as a substrate and 
an enhancer of enzymatic activity of CYP2E1 that 
is found overexpressed even in the pancreas after 
chronic abuse (45). 
Toxic-Metabolic Theory: Alcohol and its 
metabolites have a direct toxic effect on acinar 
cells leading to cellular necrosis, fatty 
degeneration and eventually fibrosis (6). Alcohol 
is mainly metabolized by the oxidative pathway 
including alcohol- and aldehyde-dehydrogenases 
or to lesser extent enzymes of the microsomal 
oxidizing system. In an alternative pathway, the 
non-oxidative pathway, ethanol is esterified with 
fatty esters that result in the synthesis of fatty acid 
ethyl esters (FAEE) (80). Although the main site 
of alcohol metabolism is in the liver, the pancreas 
is also capable of both oxidative and non-
oxidative metabolization causing local damage 
(18, 22). 
 
Stone and Ductal Obstruction Theory: This 
hypothesis was evoked by the fact that after a 
variable time most patients with chronic 
pancreatitis show calcifications and have 
intraductal pancreatic stones (56). Chronic 
obstruction leads to local damage and stasis that 
further enhances stone formation and finally 
fibrosis. Besides, formation of protein plugs and 
pancreatic stones are increased by alcohol itself. 
Experimental animal models show that partial or 
complete pancreatic duct obstruction - in 
combination with ethanol feeding (68) or repetitive 
secretagogue stimulation (86) - markedly 
increased severity of acute pancreatitis and 
induced chronic disease as well. 
 
Necrosis-Fibrosis Theory: Chronic pancreatitis is 
considered to be a result of recurrent bouts of 
acute pancreatitis if they are severe enough (31). 
An acute inflammation leads to periductal injury 
and fibrosis that finally compresses the ductal 

lumen. This obstruction favors acinar cell atrophy, 
calculi precipitation due to stasis and further 
fibrous tissue formation (64). Further support for 
this theory is given by data from genetic studies 
and animal experiments: Activating trypsinogen 
(PRSS1) mutations lead to a gain-of-function 
associated with unregulated protease activation, 
acute pancreatitis and lastly chronic pancreatitis. 
Animal models mimicking chronic pancreatitis 
make use of induction of recurrent bouts of acute 
pancreatitis by repeated injections of 
cholecystokinin analogues such as caerulein. 
When animals develop acute pancreatitis they 
either recover completely, once the pathogenic 
stimuli have been stopped, or they develop 
atrophy of the organ and fibrosis, especially if the 
pathogenic stimulus has been given during the 
recovering period during which animals are 
extremely susceptible to any harmful event (1, 
44).  
 
Primary Duct Hypothesis: An autoimmune 
mechanism has been considered to be causative 
for chronic pancreatitis. Resembling primary 
sclerosing cholangitis (PSC) to a certain extent 
the pancreatic duct is affected by an autoimmune 
reaction ending up in obliteration of the main and 
secondary pancreatic ducts (9). A co-incidence of 
chronic pancreatitis and autoimmune disorders of 
the gastrointestinal tract has been observed and 
autoimmune pancreatitis is a form of chronic 
pancreatitis that is a pancreatic manifestation of 
IgG4-related diseases (27). This process can be 
triggered by alcohol consumption, beyond its 
direct toxic effects on ductal cells as well. 
 
Sentinel Acute Pancreatitis Event (SAPE) 
Hypothesis: In order to create a unifying theory for 
development of chronic pancreatitis and to include 
recent advances in pancreatitis and its 
immunological concepts behind, a new hypothesis 
was introduced in 1999 (59, 75). The new 
features of this hypothesis are on the one hand 
that an initiating event (sentinel event) is 
necessary for causing acute pancreatitis and 
acinar cell injury first and on the other hand that 
anti-inflammatory and pro-fibrotic events enable 
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the progression to chronic pancreatitis (59). It 
should be noted that even before the sentinel 
event occurs the pancreas can be exposed to 
toxic agents such as alcohol, nicotine, lipids or 
other compounds that induce chronic metabolic or 
oxidative stress. During acute pancreatitis an 
unrestrained trypsinogen activation occurs as 
described above. Simultaneously with early 
protease activation there is a pro-inflammatory 
reaction with invasion of inflammatory cells into 
the pancreas that perpetuate protease activation 
and cellular damage. This event is mediated by 
tumour necrosis factor (TNF)-α in a cathepsin-B 
and calcium-dependent way (60). In the late 
phase of acute pancreatitis an anti-inflammatory 
reaction is observed that usually limits the 
inflammatory reaction and initiates healing 
process. During this phase there is an activation 
of pro-fibrotic cells, including stellate cells. A 
sustained anti-inflammatory reaction however 
drives pancreatic fibrosis. This occurs when 
causative factors such as oxidative stress, alcohol 
or its metabolites are not removed and thus 
continuously stimulate pancreatic stellate cells to 
synthesize components of extracellular matrix 
causing fibrosis (59, 64). 
 
One of the challenges of the SAPE hypothesis is 
its intention to combine divergent etiologies for 
chronic pancreatitis through a common pathway 
leading to the same endpoint, i.e. chronic 
pancreatitis. This hypothesis also gives an 
explanation why some individuals with mutations 
in the trypsin-dependent pathway such as 
PRSS1, SPINK1 or CTRC as well as the majority 

of alcoholics do not eventually develop acute or 
chronic pancreatitis because they lack the 
sentinel event, a condition sine qua non for 
initiation of chronic pancreatitis. 
 
 
 
5. Conclusions 

Recent knowledge on the pathogenesis of chronic 
pancreatitis has been gained by both genetic 
linkage analyses and experimental in-vitro and 
animal studies. There are multiple genetic 
susceptibility factors, which mostly involve the 
protease/antiprotease system of the exocrine 
pancreas. Recent genome wide association 
studies have identified genetic variants affecting 
proteins seemingly unrelated to the “trypsin-
centered pathway” whose underlying cellular 
mechanisms are still unclear. From animal models 
we can learn that at least two principal 
mechanisms seem to predispose to the 
development of chronic pancreatitis which are 
recurrent pathologic stimuli on the pancreas or 
one single severe event such as an obstruction of 
the bile or pancreatic duct (36). Furthermore new 
theories postulate that a sequence of two events 
is essential for the pathogenesis of chronic 
pancreatitis.  
It can be assumed that not a single but rather a 
combination of different pathologic stimuli, 
including immune mediated processes, will 
eventually be necessary to develop chronic 
pancreatitis. The pathogenesis of this disease is 
too complex to get reduced to one single event.
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