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Abstract

Hereditary pancreatitis is an autosomal dominant condition,
which results in recurrent attacks of acute pancreatitis,
progressing to chronic pancreatitis often at a young age.
The majority of patients with hereditary pancreatitis express
one of two mutations (R122H or N291) in the cationic
trypsinogen gene (PRSS1 gene). It has been hypothesised
that one of these mutations, the R122H mutation causes
pancreatitis by altering a trypsin recognition site so
preventing deactivation of trypsin within the pancreas and
prolonging its action, resulting in autodigestion. Families with
these two mutations have been identified in many countries
and there are also other rarer mutations, which have also
been linked to hereditary pancreatitis.

Patients with hereditary pancreatitis present in the same
way as those with sporadic pancreatitis but at an earlier
age. It is common for patients to remain undiagnosed for
many years, particularly if they present with non-specific
symptoms. Hereditary pancreatitis should always be
considered in patients who present with recurrent pancreatitis
with a family history of pancreatic disease. If patients with
the 2 common mutations are compared, those with the
R122H mutation are more likely to present at a younger age
and are more likely to require surgical intervention than those
with N29I. Hereditary pancreatitis carries a 40 % lifetime
risk of pancreatic cancer with those patients aged between
50 to 70 being most at risk in whom screening tests may
become important.
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INTRODUCTION

Hereditary pancreatitis (HP) is an autosomal dominant
condition characterised by recurrent attacks of acute
pancreatitis and progressing to the development of chronic
pancrestitis over avariable period of time. Symptoms usually
begin in childhood or adolescence and with time, exocrine and/
or endocrine insufficiency may develop. Theclinical spectrum
of hereditary pancreatitis was first reported in 1952,
Mutations causing HP have been identified in the PRSS1 gene
which encodes cationic trypsinogen'?4. This article discusses
the genetics of HP, its pathophysiology and clinical spectrum.

THE GENETICS OF HEREDITARY PANCREATITIS

HPisan autosomal dominant condition with 80 % penetrance.
The specific mutations responsible for HP were identified in
1996 when it was confirmed that the hereditary pancreatitis

gene could be mapped to chromosome 7g355¢, Whitcomb et
al demonstrated that a mutation in these patients existed in the
third exon of the cationic trypsinogen gene (PRSS1)". This
mutation, a guanine (G) to adenine (A) transition, alters
arganine (CGC) to histidine (CAC) at codon 117 (using the
chymotrypsin numbering system) and was originally known
as R117H. Thisfirst mutation is easily identified because it
creates anovel recognition site for the restriction endonuclease
Afll11. More recently, it has been shown that a neutral
polymorphism within this enzyme recognition site may
produce a false negative result’®. A second mutation in the
cationic trypsinogen gene was subsequently discovered, which
wasfoundto beasingle A to thiamine (T) transverson mutation
inexon 2 resulting in an asparagine (ACC) to isoleucine (ATC)
substitution at amino acid 217, These two mutations (R117H
and N211) have now been identified in familieswith hereditary
pancreatitis from many countries including Francel®,
Germany!, United Kingdom!*®, Japan!*t and the USAE7, A
further mutation, which appearsto be much less common, is
the A16V mutation, which was originally identified in three
patients with idiopathic pancreatitis and in one patient with
HP2, There is also evidence that mutations in genes other
than the cationic trypsinogen gene might be associated with
HP, Since the discovery of the cationic trypsinogen gene
mutations, a new nomenclature system for human gene
mutations has been devised and accepted. This has changed
the names of the common mutations from R117H to R122H
and N21I to N29I4,

PATHOPHYSIOLOGY

The mechanism by which mutations of the cationic trypsinogen
gene cause hereditary pancreatitis is important for several
reasons. Firstly, the cellular mechanisms of acute pancreatitis
and progression to chronic pancreatitis are poorly understood.
Secondly it is not known why the pancreas of one individual
is susceptible to acohol whilst the pancreas of another is not.
Thirdly, focusing on the link between genetics and pancreatitis
might provide aclueto the etiology of pancreatic cancer which
can occur asacomplicationin sporadic and hereditary pancrestitis.

Trypsinogen is secreted by the pancreatic acinar cell™. It
is activated to trypsin within the duodenum by enterokinase,
which cleaves an 8-aminoacid N-terminal peptide. Trypsin then
activates a cascade of digestive enzyme precursors. A number
of mechanisms exist to prevent inappropriate activation of
trypsin within the pancreas before its secretion into the
duodenum. It is hypothesised that the R122H mutation alters
atrypsin recognition site, which would prevent deactivation
of trypsin within the pancreas, thus prolonging its action!?.
The mechanism whereby the N29I mutation causes pancregtitis
is unclear. It has been speculated, however, that the N29I
mutation would enhance autoactivation of trypsinogen, altering
the binding of pancreatic secretory trypsin inhibitor (PSTI)!
or impairing trypsin inactivation by altering the accessibility
of theinitial hydrolysis site to trypsin. Predicted molecular
conformational changes in the structure of trypsin support
this*®, The pathogenic mechanism whereby the A16V
mutation causes pancreatitis is speculative but it is thought to
alter the cleavage site of the signal peptide’?. Because the two
common mutations, R122H and N29I produce such asimilar
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clinical picture, it has been speculated that these mutations,
rather than being the cause of hereditary pancreatitis, smply
represent markers for a number of linked pancreatic defects.
There appears no doubt, however, that inappropriate prevention
of the deactivation of trypsin within the pancreasisresponsible
for HP in the mgjority of cases.

The penetrance of cationic trypsinogen gene mutations
remains at approximately 80 % in the majority of studies. To
investigate factors contributing to this, astudy of monozygotic
twins with HP was carried out!*, Of 11 sets of twins, seven
were suitable for this study. Whereas four of these seven sets
were concordant for pancreatitis, three of the seven sets of
twins (43 %) were discordant for phenotypic expression of
pancredtitis. The overall penetrancein the seven pairs of twins
was 78 %. The conclusion from this study was that genetic
and/or environmental factors contribute to the expression and
age of onset of HP. Asyet the mechanism of non-penetrance
remains unclear.

CLINICAL PRESENTATION IN HEREDITARY PANCREATITIS

The initial presentation of a patient with HP is usually
indistinguishable from a case of sporadic pancreatitis. The
clinical presentation isvariablebut typical patients present with
recurrent attacks of acute pancreatitisin childhood, progressing
to chronic pancreatitis with time*#. The presentation during
an acute attack isidentical to an attack of gallstone-induced,
alcoholic or idiopathic, acute pancredtitis. The presentation of
chronic pancreatitis in these patients is likewise
indistinguishable from alcoholic, idiopathic or other forms of
chronic pancreatitis'®?¥, Pediatric patientswith HP haveasimilar
presentation to idiopathic juvenile chronic pancreatitid?. It is
however very common for these patientsto remain undiagnosed
for many years having often suffered from chronic symptoms
since childhood. We have found that recognition of the disease
within afamily often resultsin several relatives being newly
diagnosed with pancreatitis whereas previously they had been
labelled as “ peptic ulcer” or “chronic abdominal pain”. In
Newcastle upon Tyne, UK, the pancreatic clinic now has
individuals belonging to thirteen families with hereditary
pancregtitis. Data on nine of these families has been previoudy
published®, The R122H (R117H) mutation was identified in
three families and the N29I (N211) mutation was demonstrated
inafurther five families. In aremaining family, no mutations
were demonstrated in any of the five exons of the PRSSL gene.
The families and patients belonging to the R122H group were
compared with those belonging to the N29I group. Comparison
of clinical detailsincluding complications of pancreatitis was
carried out. The mean age at onset of symptoms of pancreatitis
was lower in the R122H group at 8.4 vs 6.5 years, (P=0.007)
and more patients with the R122H mutation had developed
symptoms by the age of 20 years (89 vs 64 %). More patients
with the R122H mutation required surgical intervention (8 of
12 vs 4 of 17, P=0.029) and this occurred at an earlier age.
There was also atendency for more patients with the R122H
mutation to develop exocrinefailure but the incidence and age
of onset of endocrine failure (as measured by the devel opment
of insulin dependent diabetes mellitus) was similar in both
groups. Patients in both groups identified alcohol as a
provoking factor for the symptoms. These observations were
also noted in the original description of the N211 mutation in
19971 and have also been noted by the European Registry of
Hereditary Pancreatitis and Pancreatic Cancer (EUROPAC)#.
It is aso clear that as well as hereditary pancreatitis being
identical to other forms of pancreatitisin terms of the mode of
clinical presentation, radiological and histopathological
featuresare also identical’®d. Apart from earlier onset and delay
in diagnosis, hereditary pancreatitis has been found to have a

natural history similar to that of chronic alcoholic pancrestitis
in terms of asimilar prevalence of pancreatic calcification, a
similar amount of pancreatic insufficiency both endocrine and
exocrine but a higher prevalence of pseudocystg?4.

CATIONIC TRYPSINOGEN GENE MUTATIONS IN NON-

HEREDITARY PANCREATITIS

Taking afamily history isvery important in all patientswith
pancreatitis because the majority of patients with cationic
trypsinogen gene mutations have a clear cut family history of
pancredtitis. It is, however, common for patientsto be referred
to apancreatic specialist with so-called idiopathic pancreatitis
without areliable family history having been obtained. It
has also been considered whether idiopathic chronic
pancreatitis might be due to PRSS1 gene mutations. An
investigation of patients with chronic alcoholic pancreatitis
showed no evidence of the R122H or N29I mutation in 21
patients?! but amuch larger and important study investigated
221 patients with idiopathic chronic pancreatitis and no family
higtory. The entire PRSS1 gene was sequenced in these patients.
Only three patients had mutations, one with R122H and two
patients with A16V[?7, A genetic background has also been
investigated in patients with idiopathic juvenile chronic
pancreatitis, a disease which closely mimicstheclinical pattern
of hereditary pancreatitig?®. The R122H mutation was detected
in one patient with idiopathic juvenile chronic pancreatitis and
the A16V mutation was also found in one patient. It is clear
from these studies that new mutations do occur and that
screening of individual swith idiopathic pancregtitisfor cationic
trypsinogen gene mutationsis worthwhile. It is, therefore, our
policy in patients with idiopathic pancretitis, after exclusion
of other causes, to perform genetic counselling and genetic
testing. We have found that patients are keen to know their
genetic statusin relation to this disease.

RISK OF CANCER IN HEREDITARY PANCREATITIS

Sporadic chronic pancreatitis carries a significantly increased
risk of pancreatic cancer. This has been clearly demonstrated by
amulti-centre historical cohort study of over 2000 patientg?.
The standardized incidence ratio, i.e. the ratio of observed to
expected pancreatic cancers was 16.5. This study may have
been subject to detection biasin that increased surveillance of
chronic pancrestitis patients may have increased the number
of cancers diagnosed compared with the general population.
A study of Swedish patients, however, confirmed an increased
risk of pancreatic cancer in sporadic chronic pancreatitis but
with a standardised incidence ratio of 3.8, Patientswith HP
have not been included in either of these studies but have since
been examined for therisk of developing pancreatic cancer by
the International Hereditary Pancregtitis Study Group. A cohort
of 246 patientswith hereditary pancreatitiswasidentified from
ten countries with amean follow-up period of over 14 yearg®!.
Eight patientswith pancreatic adenocarcinomawere identified
yielding a standardized incidence ratio of 53.3. The estimated
cumulative risk of pancreatic cancer developing in these
patients was nearly 40 % and was greater for patients with a
paternal inheritance pattern. These figures have been confirmed
by the Midwest Multicentre Pancreatic Study Group®®3. The
conclusions from these cancer studies are that, firstly chronic
pancreatitisisarisk factor for pancreatic cancer and secondly
hereditary pancreatitis puts patients at an even higher risk of
developing cancer than the sporadic disease. Although it is
not absolutely clear whether the risk of cancer is due to
prolonged inflammatory change or whether it isrelated to the
presence of acationic trypsinogen mutation per se, the evidence
available at present indicates that those patients with HP who
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develop cancer, are those with a prolonged history of chronic
pancreatitis®d. The number of cancers, which have devel oped
in HP patients have so far not allowed an investigation into
which mutation (s) might predispose to cancer more than
another. This data, however, will be available with time. A
study of pancreatic tissue from 34 patientswith sporadic ductal
adenocarcinoma has shown no specific relationship between
the R122H mutation and pancreatic cancer®3. Further such
studies are expected as tissue from patients with hereditary
pancreatitis becomes available for analysis.

MANAGEMENT DILEMMAS IN HEREDITARY PANCREATITIS
When faced with a patient or afamily with a possible diagnosis
of HP, three questions are commonly asked. Firstly, what can
be done about the patient with pancrestitis? Secondly, are other
relatives likely to be affected? Thirdly, what can be done to
reduce the risk of cancer?

Management of the pancreatitis

There are no specific medical therapies recommended in
patients with HP. The management of acute attacks of
pancreatitis are the same as for the sporadic disease that is,
rehydration, analgesia and careful monitoring. Severe
necrotising pancreatitisis rare in HP but pseudocysts seem to
be relatively common. It has been suggested that antioxidant
therapy may be helpful to prevent acute attacks but thereis no
evidence to support thisand it is not recommended. Chronic
pancregtitis should be treated asfor any other patients. Enzyme
supplements are likely to be required and analgesics as
necessary. If diabetes mellitus occursit is likely to require
insulin therapy. Surgical treatment is for complications such
as pseudocyst, biliary obstruction or duodenal obstruction. In
older patients requiring surgery, atotal pancreatectomy should
be considered in order to abolish the cancer risk (see below).

Genetic counselling of relatives

Relatives should be told that although the majority of HP cases
are revealed by the age of 18, the disease may not manifest
itself until the age of 30 or older. In these unaffected
individuals, genetic testing confers no advantage and should
be discouraged. Since unaffected (non-carrier) individuals and
unaffected carriers do not have pancreatitis, they carry no
increased risk of developing cancer.

Screening of hereditary pancreatitis patients for cancer

Since patients with this disease exhibit a 53-fold increased risk
of pancreatic cancer with acumulative risk of 40 % by the age
of 70, an attempt at screening would appear to be essential.
Unfortunately, no adequate screening test exists. The
measurement of tumor markers, endoscopic techniques and
radiological imaging lack the sensitivity and specificity for
early diagnosis. Tumors are particularly difficult to detect on
a background of chronic pancreatitis. It is thought therefore
that molecular based strategies are likely to offer the best
opportunities for the screening of these high risk patients for
pancreatic ductal adenocarcinomal®. It has been suggested that
the banking of blood and pancreatic juice samples should be
mandatory in any screening protocol and that imaging of the
pancreas should be carried out by endoscopic ultrasound®s,
One such protocol for the secondary screening of patientswith
HP has been established by EUROPA C (European Registry
of Hereditary Pancreatitis and Pancreatic Cancer). As part of a
research programm only, affected individuals over the age of
30 are offered imaging by CT and endoscopic ultrasound
(EVUS), followed after genetic counselling, by genetic analysis
of pancreatic juice obtained at ERCP for K-ras mutations.
Patients negative for K-ras continue with repeat screening at

3yearly intervalsby CT, EUS and K-rasanalysis of pancreatic
juice. Patients who are K-ras positive undergo further genetic
analysisin the form of p53, p16 and aberrant methylation. If
positive, these patients may be at risk of pancreatic ductal
carcinoma and an attempt should be made to obtain cells for
cytology by ERCP brushing of the pancreatic duct. The ultimate
preventative measure in these patients would be a total
pancreatectomy but thisisarelatively high morbidity operation
with the certainty of becoming diabetic. Certainly any patient
with HP aged 30 or over, who requires surgery for relief of
symptoms should undergo atotal pancreatectomy in order to
abolish the cancer risk rather than alesser procedure. Thisis
not, however, appropriate in patientswho are well unlessthere
is clear evidence that they possess cellular atypia or afocal
abnormality suspicious of cancer.

CONCLUSIONS

Hereditary pancreatitisis a fascinating condition which has
provided new insightsinto the pathophysiology of pancreatitis.
There are however many unanswered questions particularly
in relation to the ways in which these mutations relate to
pancreatitis and cancer. Management of these patients should
be carried out by a team of experienced pancreatic speciaists
who arealso able to provide genetic counselling. Registration
of patients with one of the large Hereditary Pancreatitis
Registries is essential if management strategies are to be
improved and genetic research to be continued.
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